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0.0 SYNOPSIS  

The Remedial Investigation (RI) identifies and characterizes sources of constituents on the Rhone-
Poulenc (RP) property and determines the nature and extent, and distribution, fate, and transport of 
the constituents in environmental media.  The Source Control Evaluation (SCE) identifies and 
evaluates potential sources of constituents to the Willamette River (River) pursuant to the Portland 
Harbor Joint Source Control Strategy (JSCS) document.  The SCE identifies constituent sources 
requiring control at or below an upland site prior to implementation of an in-water remedy.  The RI and 
SCE both evaluate constituents and constituent transport pathways.  The RI focuses on the current 
and reasonably possible future constituent transport pathways to human and environmental receptors.  
The SCE focuses on currently complete constituent transport pathways to the River.  A Source 
Control Alternatives Analysis (SCAA) will screen and select a source control alternative for those 
pathways that are determined to need source control.    

This RI was performed pursuant to Order on Consent Oregon Department of Environmental Quality 
(DEQ) No.  WMCSR-NWR-99-07 (Order).  RI activities are being conducted by StarLink Logistics, Inc. 
(StarLink) in compliance with the RI/Feasibility (FS) process provided in Oregon Administrative 
Record (OAR) 340-122-010 through 340-122-115, the scope of work provided in the Order, and 
guidance documents from both the DEQ and United States Environmental Protection Agency (EPA). 

Multiple third party sources have contributed constituents to environmental media that lie within the 
potential transport pathways in the RP RI Locality of Facility (LOF).  The RI and SCE evaluate and 
distinguish between constituents attributable to the RP property and those attributable to third party 
sources.  The SCE identifies constituents contributed by RP and also those contributed by third 
parties that may require source control prior to implementation of the Portland Harbor Superfund Site 
Record of Decision (ROD).  The party or parties responsible for the constituents present in a given 
pathway should be responsible for completing any additional SCE activities as well as the SCAA 
alternatives for those constituents.  

0.1 PROPERTY LOCATIONS AND USE  

The RP property is different than most properties in the area because it is located approximately 
2,000 feet from the River, and not directly on the riverbank.  Other properties with documented 
releases that affected multiple media occur between the RP property and the River.  An 
understanding of the nature and extent of constituents present in environmental media on these 
properties needed to be considered for an adequate understanding of potential impacts from the RP 
property.  The distance between the RP property and the River, and the number of intervening 
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properties, are two reasons the RP RI included more extensive hydrogeologic characterization, a 
larger sampling program and a greater number of analytes over a much larger area than other sites in 
the vicinity.  

The location also limited direct discharge of constituents from the RP property to the River, unlike 
many of the surrounding properties that are located on the River with direct waste and subsurface 
NAPL discharges to the River.  To the extent that RP constituents are present in environmental 
media, they are differentiated from constituents related to other sites by physical location and 
chemical signature.  

0.1.1 RP Property  
The RP property is 18 acres and is located at 6200 N.W. St. Helens Road in Portland, Oregon (Figure 
1-A).  The former plant area is approximately 2,000 feet from the River and located within the Guild’s 
Lake Industrial Sanctuary, a heavily industrialized area northwest of Portland.  

RP formulated and manufactured herbicides and insecticides at the property.  Herbicides were 
formulated between 1945 and 1982 and insecticide production continued from 1945 to 1972.  The RP 
property as shown on Figure 2A is divided into and described in three areas as follows: 

● Insecticide Area (IA) – The IA is in the southern portion of the RP property and was used 
for the formulation and storage of insecticides and their components. 

● Herbicide Area (HA) – The HA is northwest of the IA and was used for the manufacturing, 
formulation, storage, and handling of herbicides and their components.   

● Northwest Property Area (NPA) – The NPA is north of the HA.  Most of this area, generally 
northeast of the Lake Area Drainage Ditch (LADD), was formerly Doane Lake.  Atlas 
Building Wreckers (Atlas) leased a portion of the NPA from approximately 1976 to 1985.  
Atlas’ operations included stockpiling and sorting of building materials and operation of an 
equipment maintenance and fueling facility (G&M, 1991).   

0.1.2 Vicinity Properties 
0.1.2.1 Arkema site 

The Arkema Site is located to the north-northeast of the RP property, adjacent to the River.  The site 
is divided into Lot 1, Lot 2, Lot 3, Lot 4, and Tract A.  Lots 1 and 2 are located on the northwest 
portion of the site and were primarily used for waste disposal.  Lots 3 and 4 comprise the northeast 
portion of the site where manufacturing activities were conducted (ERM, 2004).  Tract A is between 
the Riverbank and ordinary low water line of the River along the length of Lots 1, 2, 3, and 4.   
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Manufacturing at the Arkema site began in 1941 and ended in 2001.  Chlor-alkali products, 
agricultural chemical products, and other products described were manufactured.  Chlor-alkali 
products included chlorine and caustic, sodium and potassium chlorate, and ammonia perchlorate.  
The agricultural chemicals included chlorates, chloral and dichlorodiphenyltrichloroethane (DDT), 
chlorinated acetone, hexachlorocyclohexane (BHC), and magnesium chloride hexahydrate.  Other 
products included sodium orthosilicate, a number of alkaline cleaner products, ammonia and 
ammonium hydroxide, hydrochloric acid, and sodium hypochlorite. 

0.1.2.2 BNSF Railway Company (BNSF) Property 

BNSF owns property adjacent to the north, south, and west of the RP property.  This includes the 
northern and southern railroad embankments that confine North Doane Lake (NDL).  Prior to 1915, 
trains crossed Doane Lake on a timber-pile-supported trestle built about 1908.  The current line is 
supported by a rock embankment separating NDL from the RP property.  The rock embankment was 
partially constructed using River dredged material (Nelson, 1924).  The Willamette River Bridge was 
modified from a swing span to a lift span approximately 22 years ago.  Routine activities and 
maintenance within the BNSF property used fuels, creosote, and herbicides. 

0.1.2.3 City of Portland (City) Pump Station 

The Guilds Lake Pump Station on City property is located north of the RP property along the southern 
embankment of the BNSF railroad line.  The pump station was constructed in early 1967.  Sanitary 
waste from residential and industrial properties enters the pump station from beneath NW Front 
Avenue and is transferred across the River through a force main.  The pump station has a connection 
that allows overflow to the storm sewer system and the River.  

0.1.2.4 ESCO Site 

The ESCO Corporation (ESCO) Site is adjacent to and east-northeast of the RP property.  The ESCO 
Site was part of former Doane Lake.  The site is an unlined landfill that received wastes from ESCO’s 
off-site foundry operations.  A small sand washing operation was present on the site.  Materials 
disposed at the site included foundry wastes, including zircon, chromite, silica sands, dust, firebrick, 
slag, and various metallic debris.    

0.1.2.5 Kinder Morgan/Willbridge site 

The Kinder Morgan/Willbridge Bulk Fuel Area Terminal (part of the larger Willbridge fuel terminal) is 
between Highway 30 and the River.  The Kinder Morgan/Willbridge facility has operated since 1914.  
It is a petroleum bulk storage distribution terminal with aboveground storage tanks (ASTs) used to 
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store diesel fuel, gasoline, fuel oils, motor oil, greases, and lubrication oils (KHM, 2003).  Additional 
materials stored on the property have included xylene 345, cyclosol 52, BT-66, ammonia, ethylene 
glycol, and DDT (KHM, 2003). 

0.1.2.6 Metro Site 

The Metro Site is east of the RP property, adjacent to the IA and a portion of the HA.  A portion of the 
Metro site was within the former Doane Lake boundary.  Operations on the site started with a 
Bethlehem Pacific Coast Steel Corporation warehouse about 1924.  Since then, various steel 
companies have operated a steel distribution facility until 1989 when the warehouse was converted to 
a solid waste transfer station for Metro (DEQ, 2010g).  The Metro Central Transfer Station opened in 
1991 and accepts household and commercial wastes for sorting and transfer, as well as household 
hazardous wastes. 

0.1.2.7 NL/Gould Site 

The NL/Gould Site is located adjacent to the RP property, east of the HA and southeast of the NPA.  
The property is approximately 1,000 feet from the River.  Portions of the NL/Gould Site were within 
the former Doane Lake boundary.  The site was a secondary lead smelter and refinery that included 
cable sweating, a lead-acid battery recycler, a lead oxide producer, and a zinc alloying operation from 
1949 to 1981 (EPA, 1988).  EPA included the site on the NPL in 1983.  In 1985, NL and Gould signed 
an Order on Consent with EPA and conducted an RI/FS, which was completed in February 1988. 

0.1.2.8 Gasco Site 

The Gasco property at 7900 NW St. Helens Road is located northwest of the RP and Siltronic 
properties, and is bordered by the River to the northeast and Highway 30 to the southwest.  The 
Gasco Site (present-day Gasco and Siltronic properties) was a manufactured gas plant (MGP) from 
approximately 1913 through 1956 (HAI, 2007a).  Northwest Natural Gas Company (NWN) purchased 
the Gasco property in 1956, changed the Site name to NWN in 1958, and continues to operate a 
natural gas distribution facility on the property.  The hazardous materials at the Gasco Site include but 
are not limited to oil gasification wastes, including coal tars, oil, creosote, lampblack, spent oxide, and 
lead (DEQ, 2010c).  Constituents of interest (COIs) at the Gasco Site include volatile organic 
compounds (VOCs), semivolatile organic compounds (SVOCs) (including polyaromatic hydrocarbons 
[PAHs] and phenols), and inorganics/metals (Table, 3-A).  Impacted media include soil, groundwater, 
surface water (NDL, Doane Creek, Northwest Drainage Pond [NDP], City Outfall 22C, and River), and 
sediment (NDL, Doane Creek, NDP, City Outfall 22C, and the River).    



 

AMEC Earth & Environmental, Inc. 
xxvi Project No.:  0-61M-107030/Phase 0104/T6 
 K:\10000\10700\10703\0100 RI-FS-ROD\0104 RI Report\Draft RI\RI-SCE Report.Docx 

Between 1913 and the late 1960s, MGP wastes were placed in low-lying areas near the eastern 
corner of the current Gasco property, on the current Siltronic property, and on portions of the BNSF 
property.  Prior to the completion of the northern railroad segment in 1970, MGP-related wastes may 
have impacted surface water and sediment in NDL during earth-moving activities at the Siltronic and 
BNSF properties.     

0.1.2.9 Schnitzer/Air Liquide Site 

The Schnitzer/Air Liquide Site is located to the east of the RP property, adjacent to NW Front Avenue 
and the Metro Central Transfer Station property.  The property is owned by Schnitzer Investment 
Corporation (Schnitzer), but the southern portion of the site is leased to Air Liquide LLC (Air Liquide).  
The northern portion of the Schnitzer site was within the former Doane Lake boundary.  Schnitzer built 
an acetylene manufacturing plant on the southern portion of the site in 1949 and leased the plant to 
Air Liquide in 1969.  The northern portion of the site is currently vacant, but has historically been used 
for disposal of lime waste, auto fluff materials, and waste roofing materials (ALASG, 2009).  Much of 
this disposal occurred in former Doane Lake and later East Doane Lake (EDL). 

0.1.2.10 Siltronic Site 

The Siltronic Site is located north of the RP property and the BNSF railroad embankment, just south 
of the Gasco site and adjacent to the River.  Silicon wafer manufacturing and preparation has 
occurred on the Siltronic Site since 1980.  The Siltronic Site previously received waste from Gasco 
operations. 

0.1.2.11 Former Doane Lake Area 

Doane Lake was filled with soil, dredge spoils, wastes, and fill material from various industrial 
activities by various property owners including ESCO (wastes from ESCO’s off-site foundry operations 
including foundry sand, dust, yard debris, slag, scale, and metals), NL/Gould (discarded battery 
casing materials and other lead smelter wastes), Schnitzer (non-magnetic auto shredder wastes), Air 
Liquide (calcium hydroxide waste), BNSF (dredge spoils and imported fill), and RP (imported fill and 
herbicide/insecticide manufacturing wastes).  No RP operations were in the NPA with the exception of 
the water treatment plant (WTP).  Fill was placed on the River floodplain to allow industrial 
development to occur along the River.  Filling occurred in lowland areas adjacent to the River, as well 
as in former Doane Lake, a large, shallow oxbow lake.  Former Doane Lake was located on portions 
of property owned by BNSF, RP, ESCO, Siltronic, NL/Gould, Metro, and Schnitzer (Figure 2-A; 
Section 3.2).   
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Filling of Doane Lake began around 1906 to 1908 with the construction of a railway and associated 
bridge across the River.  Between 1906 and 1915, the Spokane Portland and Seattle Railway 
constructed what is referred to as the BNSF embankment that bisected Doane Lake.  This was the 
first major placement of fill at the RP property vicinity and created an early NDL remnant of Doane 
Lake.  Seepage from Doane Lake through the railroad embankment to the NDL remnant and then to 
former Morgan Creek reportedly occurred during the mid-1960s until the northern railroad spur that 
confines NDL was constructed in the late 1960s.  Former Morgan Creek flowed north and east toward 
the River. 

Industrialization of the former Doane Lake area began in the 1930s, and in the late 1940s significant 
amounts of fill material were added to the lake.  Doane Lake was filled from the mid-1950s through 
the mid-1970s.  Doane Lake also may have received fill from River dredging and stormwater and 
wastewater from surrounding properties.  The portion of Doane Lake on the NPA was filled during the 
1960s and early 1970s.  About 1971, fill material again bisected Doane Lake to create EDL and WDL.   

EDL covered part of the NL/Gould and Schnitzer properties and was filled in 2000.   

The final configuration of WDL was reached by the end of 1977.  WDL was eliminated by in-situ 
solidification/stabilization and related work completed in November 2010 during the WDL IRAM   

NDL is a triangular shaped surface water body located north of the RP property and surrounded on all 
three sides by railroad embankments.  NDL is approximately 6.3 acres and has a maximum depth of 
approximately 5 feet.  NDL receives inflow from groundwater, from stormwater runoff from the BNSF 
embankments that surround NDL, and from drainages originating west of Highway 30.  Surface water 
from NDL is lost through a 48 inch diameter pipe at the lake’s northwest corner into the NDP.  Water 
from the NDP subsequently drains to the City Outfall 22C storm sewer system.   

0.2 INTERIM REMEDIAL ACTION MEASURES (IRAMS) 

A number of measures were taken to minimize potential impacts from constituents on or near the RP 
property.  IRAMs for soil, groundwater, storm sewer infiltration, and WDL have been implemented.  
These IRAMs are summarized below. 

Insecticide Area IRAM:  The IA IRAM included the following activities:  covering the foundation piers 
and impacted soil under the former insecticide dust plant with clean fill sand, geotextile fabric, gravel, 
and asphalt; sealing the foundation adjacent to the former insecticide plant; and backfilling and 
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capping an elevator shaft in the former insecticide warehouse.  IRAM field activities were completed in 
May and June of 1996. 

Facility Structures IRAM:  The Facility Structures Assessment and IRAM capped pipes, sumps, an 
elevator shaft, valve boxes, and unpaved soils in the HA.  The activities were completed in March 
2004.   

Groundwater Extraction and Treatment System:  A shallow groundwater extraction and treatment 
system (GETS) has been in operation within the former plant area since mid-1980.  Extracted 
groundwater is treated at the on-site WTP prior to discharge under the NPDES permit.   

Outfall 22B IRAM:  The Outfall 22B IRAM was designed to eliminate shallow groundwater infiltration 
to Outfall 22B containing RP- and third-party-related constituents.  The work did not include repairing 
lateral sewer lines.  A cutoff collar was constructed in the pipe backfill material downstream of MH-3, 
though there is no evidence of preferred transport of groundwater along the pipe backfill.  The Outfall 
22B IRAM took place between September 16, 2006, and December 11, 2007.  Additional activities 
included: 

● Water and sediment sampling 

● Sediment removal   

● Camera surveys  

The IRAM reduced non-stormwater flow related to groundwater infiltration.  However, an expanded 
IRAM was necessary to further reduce groundwater infiltration.   

Outfall 22B Expanded IRAM:  The Outfall 22B Expanded IRAM, substantially completed in 2010, 
included cleaning the existing sewer line, sediment removal, structural point repairs, cured-in-place 
pipe (CIPP) lining, manhole lining, and pre-and post-lining camera documentation.  Lining occurred 
from the Metro Central Transfer Station to the outfall at the River and included manholes and private 
property laterals.  RP-related constituent infiltration will be eliminated once the IRAM is complete. 

Former West Doane Lake:  The WDL IRAM was implemented between June and November 2010 and 
eliminated WDL.  The IRAM consisted of in-situ stabilization and solidification (ISS) of sediments, 
followed by construction of an impermeable cap over the stabilized sediments.  It eliminates direct 
exposure to constituents in WDL sediments and minimizes the potential for those constituents to enter 
groundwater.  A long-term monitoring program is in place.  
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0.3 INVESTIGATIONS 

Numerous investigations were conducted as part of the RP RI.  Thousands of samples from seven 
different environmental media were collected and analyzed for a wide selection of constituents.  Data 
were collected over 30 years from 1981 through January 2010.   

Soil and NAPL:  More than 900 soil samples were collected.  These samples were analyzed for one or 
more of the following constituent classes:  VOCs, SVOCs, metals, herbicides, organochlorine 
insecticides (OCIs), organophosphorus insecticides (OPIs), polychlorinated dibenzo-p-
dioxins/polychlorinated dibenzofurans PCDDs/PCDFs, polychlorinated biphenyls (PCBs) (Aroclors 
and congeners), and petroleum hydrocarbons.  The majority of the samples were collected from RP 
property, but soil samples also have been collected from Metro, NL/Gould, ESCO, Schnitzer/Air 
Liquide, Arkema, City, Siltronic, and BNSF properties.  

Ten samples of NAPL were analyzed for one or more of the following constituent classes:  VOCs, 
SVOCs, herbicides, OCIs, OPIs, PCDDs/PCDFs, PCBs, and petroleum hydrocarbons.   

Groundwater:  More than 1,850 groundwater samples were collected from monitoring wells and 
temporary borings.  Groundwater samples were analyzed for one or more of the following constituent 
classes:  VOCs, SVOCs, metals, herbicides, OCIs, OPIs, PCDDs/PCDFs, PCBs (Aroclors and 
congeners), and petroleum hydrocarbons.  Groundwater samples were collected from the RP, Metro, 
NL/Gould, ESCO, Schnitzer/Air Liquide, Willbridge, PGE, Arkema, City, Siltronic, and BNSF 
properties. 

Surface Water:  Nine surface water samples were collected from former WDL and analyzed for one or 
more of the following constituent classes:  VOCs, SVOCs, total metals, herbicides, OCIs, OPIs, and 
PCDDs/PCDFs.   

Thirteen surface water samples were collected from NDL and analyzed for one or more of the 
following constituent classes:  VOCs, SVOCs, total and dissolved metals, herbicides, OCIs, OPIs, 
PCDDs/PCDFs, and petroleum hydrocarbons.   

Five surface water samples were collected from NDP and analyzed for one or more of the following 
constituent classes:  VOCs, SVOCs, total and dissolved metals, herbicides, OCIs, PCDDs/PCDFs, 
and petroleum hydrocarbons.     
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Lake Sediments and Pore Water:  Sixty-four sediment samples were collected from WDL and 
analyzed for one or more of the following constituent classes:  VOCs, SVOCs, metals, herbicides, 
OCIs, OPIs, PCDDs/PCDFs, PCBs (Aroclors and congeners), and petroleum hydrocarbons.   

Thirty sediment samples were collected from NDL and analyzed for one or more of the following 
constituent classes:  VOCs, SVOCs, metals, herbicides, OCIs, OPIs, PCDDs/PCDFs, PCBs 
(Aroclors), and petroleum hydrocarbons.  Four pore water samples were collected and analyzed for 
VOCs and dissolved metals. 

Three sediment samples were collected at NDP and analyzed for one or more of the following 
constituent classes:  VOCs, SVOCs, metals, herbicides, OCIs, PCDDs/PCDFs, and petroleum 
hydrocarbons.  Two pore water samples were collected from NDP during the RI and analyzed for 
VOCs and dissolved metals. 

Stormwater/Non-Stormwater: 

• Outfall 22B:  Nearly 50 samples of non-stormwater flow were collected from the Outfall 22B 
storm sewer system and analyzed for one or more of the following constituent classes:  VOCs, 
SVOCs, metals, herbicides, OCIs, OPIs, PCDDs/PCDFs, and PCBs (Aroclors and congeners).   

• Outfall 22C:  The one stormwater sample collected for the RP RI was of stormwater discharge 
at City Outfall 22C in December 2003.  This sample was collected because RP-like 
constituents are present in NDL sediments and NDL discharges to the City Outfall 22C 
system.  Four samples of non-stormwater flow were collected from the City Outfall 22C storm 
sewer system.  The stormwater and non-stormwater samples were analyzed for one or more 
of the following constituent classes:  VOCs, SVOCs, metals, herbicides, OCIs, 
PCDDs/PCDFs, and PCBs (congeners).   

Biota:  Biota sampling was conducted at NDL in 2006.  More than 3,200 fish, primarily very small adult 
sunfish that were stunted from overpopulation, were captured during sampling.  Two adult American 
bullfrogs and 13 bullfrog tadpoles were inadvertently captured in fish collection devices and also 
analyzed.  Eighteen single species composite samples of biota were analyzed for SVOCs, total 
metals, OCIs, PCDDs/PCDFs, and PCBs (congeners).   
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0.4 DATA QUALITY 

The RI data set includes all data in the RP project database from 1981 through January 2010, with a 
few exceptions.  Although the RI uses data from as far back as 1981, the use of older data is 
problematic because samples were collected using a variety of techniques and analyzed using 
multiple analytical methods that have evolved over that time.   

Both database and analytical quality issues were identified during development of the RI/SCE Report.   

Database problems included: 

1. Incorrect data entry from early investigations (e.g., incorrect results, units, or sample 
identifiers relative to the associated laboratory or consultant reports); 

2. Unvalidated data with analytical problems (e.g., results that should have been rejected or 
qualified based on laboratory quality control criteria, but did not undergo data validation); 

3. Inaccurate survey data (e.g., soil samples with coordinates that plot on the wrong 
property);  

4. Incomplete or missing data (e.g., no depth provided for a soil sample); and 

5. Misreported analytical results. 

Database issues were corrected when possible.  However, it is likely that data problems remain 
because much of the older data was not validated, and the results in the database cannot be verified 
by comparison to original laboratory reports.  Emphasis was placed on checking or correcting data 
that could significantly affect conclusions regarding the nature and extent of constituents.   

Sampling and analytical methods have evolved over the course of the RI in attempts to achieve lower 
detection limits and more reliable, accurate results.  A significant problem is the use of analytical 
methods that are prone to produce false positive or high-biased results, especially when attempting to 
analyze low concentrations.  These are of particular importance for OCI, PCDD/PCDF, and metal data 
in the RP property vicinity.  For example:  

● Groundwater samples for metal analyses prior to the early 2000s were not collected using 
minimal drawdown (low-flow) sampling techniques and are likely extremely high-biased 
results due to entrainment of formation materials given the composition of geologic 
materials in the area.  This explains why most of the highest detections of metals were 
found in the early samples.  Later samples collected in the same vicinity after 
implementation of minimal drawdown sampling procedures were significantly lower. 
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● Groundwater samples collected prior to 2007 were analyzed for OCIs by the standard EPA 
method (8080/8081/8081A/8081B, depending on year) technique using Gas 
Chromatography/Electron Capture Detection (GC/ECD).  Samples collected since 2007 
were analyzed by GC/High-Resolution Mass Spectrometry (HRMS) or GC/MS/MS, which 
are more advanced techniques offering better detection limits and increased selectivity 
than GC/ECD.  Standard GC/ECD and Low Level GC/ECD do not offer sufficiently low 
detection limits to be useful in comparison to JSCS screening level values (SLVs), and 
both are subject to false positive results.  Ultra Trace Level GC/ECD gives detection limits 
that can be sufficiently low to be usable if interferences are absent, but is also subject to 
false positive results.  Samples collected since 2007 and analyzed by GC/ECD with OCI 
detections were re-analyzed by GC/HRMS or MS/MS when possible, to confirm the 
reliability of the detections.  Some of the low-level OCI detections in the RI data set may be 
false positive results related to the presence of interfering compounds such as PAHs.   

● All standard methods for analysis of PCDDs/PCDFs can result in false positives, although 
some of this potential can be reduced with application of additional quality control (QC) 
measures.  Additional QC practices exceeding the requirements of EPA Method 1613B 
were implemented during 2007 and 2008 to ameliorate the interferences and improve data 
quality.  Implementation of these additional measures lead to a significant reduction in the 
number of low-level detections of PCDDs/PCDFs that were inconsistent with the sources 
and distribution of PCDDs/PCDF at the RP property and vicinity.  Dioxin data collected 
before 2007 is highly uncertain because these samples were not analyzed using these 
expanded QC protocols, the extent of false positive results in the earlier data cannot be 
determined, and the earlier data in some areas is inconsistent with data generated using 
updated QC protocols.   

Data collected by third parties in the RP property vicinity were not subjected to the quality control 
practices implemented by StarLink, are therefore suspect, and cannot be compared to data from the 
RP RI data set.  Samples collected at other sites in the RP property vicinity have frequently been 
analyzed using methods that generate results inadequate for comparison to current regulatory criteria.  
In particular, analysis of samples for OCIs and PCBs at most sites were conducted using GC/ECD 
techniques that generate detection limits orders of magnitude higher than JSCS SLVs. 

0.5 CONCEPTUAL SITE MODEL (CSM) 

Constituent distribution from the RP property and vicinity follows a predictable pattern through the 
sediment sequence and bedrock, depending on source location, position within the groundwater flow 
system (from recharge area to discharge area), and constituent properties. 

Surface water features at the RP property and vicinity include one lake, several small streams, and 
the River.  These features accept and convey surface water across the RP property and vicinity and 
influence shallow groundwater.  Precipitation at the RP property either infiltrates or is captured by the 
storm sewer system.  Water captured by the storm sewer system is treated by the WTP.  Historically, 
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surface runoff at the RP property either infiltrated or flowed through a ditch to Doane Lake and later 
WDL.  By 1980, outflow from WDL was eliminated.  

The geology beneath the RP vicinity from the surface downward includes the Artificial Fill, Fine-
Grained Alluvium, Alluvial-Colluvial Gravel, and Columbia River Basalt Group (CRBG).  Recharge to 
units in which groundwater flow systems develop occurs primarily from the Tualatin Mountains and 
downward infiltration from overlying units.  Groundwater discharge occurs at the River or as regional 
outflow through the deeper CRBG.  

The groundwater system is unconfined with no significant horizontally extensive features (such as 
clay layers) that separate the overall vertical sequence of sediments into unconfined and confined 
systems.  Vertical gradients, water elevations, and lack of strong contrast in hydraulic conductivity 
between units indicate vertical movement between units.  The direction of vertical flow is dependent 
on the location within the flow system.  There is no evidence that vertical upward groundwater 
movement occurs from the Fine-Grained Alluvium to the Artificial Fill.  

Mean hydraulic conductivities of the four stratigraphic units are within one order of magnitude of each 
other.  Groundwater velocities range from 0 to 87.5 feet/year.  Groundwater flow directions are 
generally to the north and northeast, and then subparallel to the River in the vicinity of the River.  As 
groundwater flow encounters a buried bedrock ridge, it is diverted to the north around the highest 
portion of the ridge.   

Groundwater discharge to the River is primarily through the Alluvial-Colluvial Gravel and the upper 
portions of the CRBG.  Discharge from the Fine-Grained Alluvium and the Artificial Fill is limited due to 
slow groundwater velocities and the limited saturated extent of Artificial Fill.   

0.6 COI DISTRIBUTION, TRANSPORT, AND SCREENING OVERVIEW 

The nature and extent, and fate and transport of constituents found in the RP property vicinity were 
evaluated by constituent and pathway.  Constituent source areas were identified through sampling 
results, historical documentation, transport processes described in the CSM, and to some extent other 
investigations completed in the area.  The results of this evaluation were used to assess the need for 
source control at the RP property or potentially at other properties prior to the Portland Harbor in-river 
remedy. 
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Numerous tools were used to evaluate both the physical and chemical conditions at the RP property 
and vicinity.  More than 10,000 pages of tables and data plots are contained primarily in Appendices F 
and H.   

The location of the RP property away from the River resulted in the overlap and commingling of 
constituents from RP and others within the RP vicinity.  The overlap of these constituents is caused by 
a number of factors including the following: 

● The use of the same stormwater disposal or collection.  For example, Doane Lake 
received storm water and waste from several properties including RP, NL/Gould, ESCO, 
BNSF, and Schnitzer/Air Liquide.   

● The filling of Doane Lake by various parties including NL/Gould, ESCO, BNSF, and 
Schnitzer/Air Liquide. 

● Transport processes that changed over time; for example, surface water flow. 

● The location of source areas and merging of transport pathways; for example, surface 
water from Doane Creek enters the City Outfall 22C storm sewer system and commingles 
with surface water from NDL.  

The separation of the RP property from the River necessitated a much broader investigation across a 
much larger area than many of the investigations completed by nearby and riverfront properties where 
constituents at high concentrations near the River often discharged directly to the River.  This 
separation also means that the RP property is upgradient to many properties.  Most constituents 
found at the River are not primarily a result of activities at the RP property.  By understanding the 
physical and chemical conditions in the area it was possible to differentiate RP constituents from 
others.  It also uncovered the importance of attenuation of RP constituents between the RP property 
and the River.    

Environmental investigations by riverfront property owners are limited in lateral and vertical extent or 
analytes and may not have occurred in areas away from the River that are impacted.  This is 
important because some non-RP sources are not readily identified through the RP data set but they 
are considered in the evaluation of the nature and extent of COIs. 

Both physical and chemical processes define how constituents migrate from source areas.  Physical 
characteristics control the movement of constituents, such as the migration of dissolved-phase 
constituents in groundwater.  The foundation of the transport evaluation is an understanding of the 
physical setting and characteristics of the various media in the RP property vicinity, such as the type 
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of soils and geologic formations, surface water flow, the hydraulic properties of the materials, and the 
movement of water into and out of the subsurface.  

Surface water and groundwater flow in the RP vicinity is controlled by surface topography: the 
Tualatin Mountains to the west and the Willamette and Columbia rivers towards the north.  Surface 
drainages flow from the mountains, depositing sediment along the valley edges.  Groundwater is 
recharged in these areas and from infiltration in the mountains.  Groundwater flow systems develop in 
predictable patterns from the mountains and beneath the Willamette/Columbia River Valleys.  These 
patterns are described in the CSM for the site.  When constituent movement is understood within 
these groundwater flow systems, constituent sources and movement are also understood.  The 
hydraulic characteristics in the vicinity of the RP property are influenced by the Willamette and 
Columbia river water levels, the low gradients of these rivers, sediment deposition within the 
Willamette River, the nature and type of bedrock in the watershed, bedrock topography, and the 
structural geology of the vicinity including faulting.   

The distribution of constituents in environmental media is used as empirical evidence to support an 
understanding of the fate and transport of constituents in the environment.  Constituents at the RP 
and vicinity properties behave differently in environmental media.  For example, hydrophobic 
compounds such as PCBs and PCDDs/PCDFs have high particle affinity and largely are not 
transported from source areas, while other constituents such as volatile compounds are less likely to 
be associated with particles and may be transported from source areas in groundwater.  Chemical 
characteristics also provide information on the potential mass of material remaining and longevity of 
COIs in environmental media.  The chemical and physical characteristics of each COI, in combination 
with the characteristics of the environmental media in which they are detected, control the fate and 
transport of COIs in the environment.   

The RP property differs from most of the upland sites associated with the Portland Harbor Superfund 
Site because it is a significant distance from the River.  The former formulating and manufacturing 
area of the facility, referred to as the plant area, is located approximately 2,000 feet away from the 
River.  This separation from the River provides a substantial distance along constituent migration 
pathways for physical and chemical processes to occur, allowing sorption, degradation, and other 
attenuation processes to reduce or eliminate constituent concentrations during transport, and 
potentially inhibiting constituents from reaching downstream or downgradient media. 

The ability of natural attenuation processes to limit or eliminate transport of constituents present in 
environmental media at the RP property vicinity, and to ultimately reduce the concentrations of many 
of those constituents to concentrations below levels of potential concern, is well documented in the 
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literature.  RP property and vicinity geochemical and historical soil and groundwater chemistry data 
indicate that natural attenuation, including natural biodegradation of organic constituents and 
sequestration of non-volatile organics within iron/manganese precipitates is occurring.  These 
processes represent an important control on fate and distribution of organic constituents in 
groundwater and surface water.  Some specific evidence of natural attenuation processes in the RP 
property vicinity includes: 

1. Chlorinated phenols and chlorophenoxy acetic acid herbicides in groundwater attenuate 
within a short distance from source areas, consistent with the known high level of 
biodegradability of these constituents; 

2. Trichloroethene is degraded to vinyl chloride in the former Doane Lake area, with no 
evidence of increasing concentrations of cis-1,2-dichloroethene, consistent with 
anaerobic biodegradation of chlorinated ethenes; 

3. PCDDs/PCDFs in groundwater that are related to RP source areas are generally 
confined to the immediate vicinity of those source areas, consistent with sequestration of 
the PCDDs/PCDFs through adsorption to organic matter and precipitated 
iron/manganese solids; and 

4. Areas in groundwater where metals are detected at higher concentrations are spatially 
isolated, with no clear concentration gradient away from the higher concentration area, 
and no identifiable pattern in the overall distribution of the individual elements, consistent 
with conditions where formation of iron/manganese precipitates control transport of the 
metals. 

It is likely that natural attenuation of other constituents and constituent classes is also occurring in 
groundwater in the RP property vicinity, and these processes will be evaluated as part of any future 
feasibility study or remedial design activities for those constituents for which historical RP operations 
are primarily responsible. 

0.7 SCREENING VALUES 

The screening values used in this RI/SCE Report come from a variety of sources.  Screening values 
used for the RI may be different than those used in the SCE.  These do not represent applicable, 
relevant, and appropriate requirements (ARARs).  Selection and identification of ARARs will occur at 
the time of remedy selection.     

RI Screening Values:  The discussion of the nature and extent of constituents considered EPA 
Industrial Soil and Tap Water Regional Screening Levels (RSLs) (EPA, 2010b), EPA National 
Recommended Water Quality Criteria (NRWQCs) (EPA, 2009e), and screening level values (SLVs) 
directed by DEQ for use in the SCE.  These screening values are not cleanup goals or indicators of 
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risk levels.  They are intended as a reference point for discussion and presentation purposes only.  
On- and off-property media are being evaluated in deterministic site-specific risk assessments in 
separate documents.   

The EPA RSLs were selected for use consistent with industry standard practice.  The EPA NRWQCs 
were used for aqueous media where RSLs were not considered applicable, such as for constituents 
detected in non-stormwater and stormwater flow and surface water at the Riverbank.  Inorganic 
constituent concentrations were also compared to naturally occurring concentrations.   

SCE Screening Values:  Constituent concentrations near the River were compared to JSCS SLVs.  
The SCE screening process, including applicable SLVs, was developed with DEQ.  The SLVs are 
selected from a variety of published values.  Generally the most conservative value was selected 
although there are some exceptions as directed by DEQ.  SLVs were used to develop a list of 
constituents of potential concern (COPCs) for consideration in a potential SCAA.  SLVs are not 
appropriate for use as cleanup levels or triggers for source control or any other category of remedial 
action.  An evaluation of potential cleanup levels would be completed as part of a potential SCDD.  

0.8 SOURCE AREAS, EXTENT, AND TRANSPORT OF COIS 

RP source areas include the HA, IA, LADD, and NAPL area primarily contained within northern LADD, 
the HA, and the southern end of former Doane Lake.  Within these areas, some specific sources are 
identified through historical documentation and investigation results.  Distribution of constituents within 
these areas is consistent with plant activities in the HA and IA and the discharge of process waste 
water along the LADD toward former WDL.  NAPL has been observed in only limited locations at and 
near the RP property.  The NAPL area has not changed significantly since investigations began in the 
early 1980s, indicating it is primarily residual and stable.  Constituent composition in NAPL affected 
soils is heterogeneous and a strong indication that it is not from a single source.  These compositional 
differences indicate that movement is limited.   

Many areas of the RP property vicinity are either multi-party source areas where releases occurred 
over a long period of time (former Doane Lake), or include source areas on other properties including 
Arkema, NL/Gould, ESCO, Gasco, Siltronic, Schnitzer/Air Liquide, GS Roofing, and Kinder 
Morgan/Willbridge sites.  The broad investigations conducted as part of the RP RI identified specific 
property sources and multi-party sources.  The nature and extent of constituents are described below 
regardless of source.   
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0.8.1 VOCs 
The RP source areas for VOCs are located in the vicinity of known tank farms, waste management 
areas, and manufacturing operations in the HA and in areas where NAPL is known to be present.  
Benzene is found in isolated areas in both the HA and IA.  VOCs historically used in formulation and 
manufacturing operations, include 1,2-dichlorobenzene, benzene, acetone, methylene chloride 
(dichloromethane), toluene, xylenes, trichloroethene, tetrachloroethene, and isobutyl alcohol.   

Other sources of VOCs in the RP property vicinity include DDT manufacturing and other processes at 
the Arkema facility (e.g., chlorobenzene, trichloroethene, and tetrachloroethene), historical MGP 
waste disposal at the Gasco and Siltronic properties (e.g., BTEX), the trichloroethene releases at the 
Siltronic manufacturing facility, the Kinder Morgan/Santa Fe Pacific Pipeline facility (e.g., BTEX), 
runoff from Highway 30 (e.g., BTEX and MTBE), and the general industrial use of VOCs as solvents, 
in fuels, and in chemical manufacturing. 

VOCs were generally detected in soils only in the near vicinity of source areas, consistent with the low 
persistence of this constituent class in soils.  Low concentrations of certain VOCs were detected in 
soils in a few locations not located immediately near source areas, but VOCs were present in soil at 
concentrations greater than their respective RSLs only in these source areas. 

VOCs were historically detected in surface water and sediments from former WDL prior to the WDL 
interim remedial action.  Chlorinated benzenes have also been detected in sediment samples from 
NDL, as well as naphthalene and several alkyl-benzenes related to MGP wastes present in and near 
NDL.  Low concentrations of various VOCs that appear related to multiple sources have been 
detected in surface water from NDL, and in stormwater and non-stormwater from Outfall 22B and 
Outfall 22C. 

The distribution of VOCs in groundwater related to the RP source areas is controlled by subsurface 
conditions and associated groundwater flow, and is consistent with the hydrogeological CSM.  VOCs 
in groundwater migrate to the north and northeast from  the northern half of the HA and NAPL area.  
Where present, VOCs follow bedrock topography along the buried side channel and around the 
bedrock ridge.  VOCs in groundwater migrate primarily to the northeast from the southern portion of 
the HA and in the IA , following a flow path that is more perpendicular to the River and where bedrock 
topography  has less influence on groundwater flow.  All VOCs associated with RP source areas 
occur within the areas where 1,2-dichlorobenzene and vinyl chloride are detected.  Collectively, these 
two COIs define the extent of RP-related COIs in groundwater. 
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Chlorinated benzenes were detected continuously in groundwater between the RP source areas and 
the River.  Concentrations did not exceed the SCE SLVs by more than a factor of 100 at the 
Riverbank during the most recent groundwater sampling events (except for 1,4-dichlorobenzene 
which has a very low SLV).  The distribution of halogenated alkenes and alkanes in groundwater is 
similar to the distribution of chlorinated benzenes, but concentrations of halogenated alkenes and 
alkanes are typically much lower than concentrations of chlorinated benzenes.  Halogenated alkene 
and alkane concentrations in groundwater discharging to the River in the RP property vicinity are at or 
below 10 times the SCE SLVs with the exception of vinyl chloride, which has a very low SLV of 1.6E-
05 mg/L.  Benzene and alkyl benzenes have a similar distribution to other VOCs with some significant 
exceptions because multiple source areas exist.  Although these constituents were used in historical 
RP plant area operations, documented releases have occurred at the Jinkz service station located 
across NW St. Helens Road (Highway 30) from the RP property, on the Siltronic property from MGP 
wastes disposed by Gasco, and at the Kinder Morgan/Willbridge property.  Benzene and alkyl 
benzenes were detected in groundwater downgradient of the RP property but were not detected in 
groundwater samples from Riverbank wells.  Other VOC detections at properties in the RP property 
vicinity were sporadic and isolated, and do not represent a clear area of continuous detections 
between the RP property and the River.  Acetone and carbon disulfide were the only other VOCs 
detected in groundwater samples from Riverbank wells and were below SLVs. 

The distribution of VOCs related to historical RP operations provides evidence that natural attenuation 
processes are occurring and causing decreases in VOC concentrations in groundwater.  The specific 
environmental fate processes vary among the different types of VOCs, but the data indicate some 
degradation for each VOC subgroup, such as decreases in parent constituent concentrations and the 
presence of associated biodegradation progeny.  In some locations the data show the absence of 
both parent and progeny where biodegradation may have completed its full cycle.   

0.8.2 SVOCs 
The only SVOCs used in historical manufacturing or formulation operations at the RP property were 
phenol and chlorinated phenols.  Other potential sources of SVOCs in the RP source areas are fuel 
storage, handling and use, and vehicle maintenance activities.  RP SVOC source areas are located in 
the HA and in the NAPL area.   

SVOCs at the RP property have a distinct distribution different from releases of SVOCs at vicinity 
properties.  RP SVOCs do not overlap with PAHs related to MGP wastes on Siltronic property or with 
releases on surrounding properties.   
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The predominant source of SVOCs in the RP property vicinity is MGP waste associated with former 
Gasco operations and waste disposal practices on the Siltronic and BNSF properties.  Additional 
SVOC sources in the vicinity include fill material historically placed in areas of former Doane Lake; 
River dredge spoils used as fill at the Siltronic and Arkema properties; runoff from Highway 30 and 
BNSF railroad tracks; operations at the Metro Transfer Station; former operations at the Koppers, 
NL/Gould, Kinder Morgan/Willbridge, Schnitzer, and McCormick and Baxter properties; use of 
herbicides such 2,4-D and 2,4,5-T that can degrade to form 2,4-dichlorophenol; and presence of 
PAHs in fuels. 

SVOC distribution related to the RP source areas is consistent with the hydrogeological CSM.  The 
area of continuous chlorinated phenol impacts to soil and groundwater is localized in the HA near 
areas where they were historically manufactured and handled, and slightly downgradient in the 
southern area of former Doane Lake.  Chlorinated phenol detections in samples collected 
downgradient of the RP property boundary are sporadic, low-level, and often one-time events.  No 
chlorinated phenols were detected in any of the Riverbank wells in any of the geologic units.   

In general, the distribution of all RP source related SVOCs are within the areas where 2,4-
dichlorophenol and 2,4,6-dichlorophenol are detected.  Collectively, these two COIs define the extent 
of RP-related SVOCs in groundwater.  The distribution of these SVOCs provide evidence that natural 
attenuation processes are occurring and reducing SVOC concentrations in groundwater.  This 
evidence includes a rapid decrease in chlorinated phenol concentrations with distance from the HA as 
well as a decrease in concentrations within the HA over time. 

SVOCs related to a variety of sources were detected in former WDL sediments and surface water 
prior to completion of the WDL IRAM.  SVOCs detected in NDL sediment and surface water, as well 
as in Doane Creek and NDP surface water and sediment and Outfall 22C stormwater and non-
stormwater, were primarily PAHs associated with MGP wastes located in or near NDL.  None of the 
chlorinated phenols associated with RP operations were detected in environmental media in NDL, 
Doane Creek, NDP, or Outfall 22C. 

Shallow groundwater in the vicinity of the City Outfall 22B storm sewer contains COIs from multiple 
sources.  Sources of sediment to City Outfall 22B include overland flow not related to the RP property, 
because there is no overland flow from RP sources to the City Outfall 22B storm sewer system.  A 
variety of SVOCs have been detected in stormwater and non-stormwater flow in the Outfall 22B 
system, including PAHs from multiple sources and chlorinated phenols related to RP operations.  
Groundwater infiltration that is the likely source of chlorinated phenols to Outfall 22B is being 
eliminated as part of the Outfall 22B IRAM, but PAHs and certain other SVOCs, none of which are 
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related to RP operations, are expected to continue to enter the Outfall 22B system in precipitation and 
stormwater runoff. 

0.8.3 Chlorinated Herbicides 
A limited set of herbicides was manufactured, packaged, or formulated at the RP facility (Section 2, 
Tables 2-B and 2-C).  Manufacturing was discontinued by 1982 with the exception of bromoxynil, 
which was discontinued in 1990.  The primary herbicides manufactured included 2,4-D, Silvex, 2,4,5-
T, bromoxynil, dichlorprop, MCPA, and MCPP.  Some herbicide components were also packaged at 
the facility for shipment to other manufacturers (including the US Army).  2,4,5-T was only 
manufactured for a limited time between 1960 and 1962.  “Agent Orange” was not manufactured at 
the facility although 2,4-D isooctyl ester (IOET), a component of agent orange, was manufactured and 
sold to a third party.    

Ten herbicides, two of which were not manufactured, formulated, or packaged at RP, were detected in 
the RP property vicinity.  Herbicides detected include 2,4,5-T, Silvex, 2,4-D, 2,4-DB, bromoxynil, 
dalapon, dicamba, dichlorprop, MCPA, and MCPP.  Dalapon and dicamba were not manufactured, 
formulated, or packaged at RP and are likely indicators of herbicide use by multiple parties in the 
vicinity of the RP property.  The distribution and environmental fate of herbicides released to the 
environment at and in the vicinity of the RP property are determined by the source conditions, 
physical setting, and herbicide chemical characteristics. 

In general, herbicides are detected in the HA and near the LADD, but are also detected in various 
media off the RP property and are discontinuous with RP sources.  Transport of herbicides from RP 
source areas is consistent with groundwater flow and other constituent migration pathways within the 
RP property vicinity, as well as the relatively high biodegradation rates associated with most 
herbicides in environmental media.   

Herbicides were detected in the NAPL beneath the northern portion of the HA and the LADD near the 
southern end of former WDL.  Of the herbicides, 2,4-D was detected at the highest concentration in 
the NAPL samples.  Herbicides in soil at the RP property are generally found in localized areas 
consistent with former RP operations, and all detected concentrations are below the EPA 2010 
Industrial Soil RSLs. 

Herbicides were detected in groundwater samples at the RP property and vicinity.  Most herbicides 
were detected in the former RP plant area, and downgradient concentrations decreased significantly 
toward NW Front Avenue; most herbicides were not detected beyond NW Front Ave.  The exceptions 
are Silvex and dichlorprop.  Dichlorprop was infrequently detected near the Riverbank, and generally 
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before 2006.  Silvex was consistently found in groundwater to the Riverbank but all Silvex detections 
downgradient from the HA and LADD area were below EPA 2010 Tap Water RSLs.  The presence of 
only Silvex from the RP property to the Riverbank is consistent with the properties of Silvex.  Silvex 
tends to biodegrade much slower in water than other herbicides and therefore is found downgradient 
of the RP property when other herbicides at similar or higher concentrations in source areas are not 
found downgradient.  

Herbicides within the former Doane Lake or former WDL that were either transported there through 
other pathways or were released to these areas are not a significant source for herbicides in the RP 
property vicinity.  NDL media (sediment, porewater, and surface water) have historically been affected 
by herbicides from RP and other sources and may currently receive herbicides from other sources.  
The pathway from the RP property to NDL is no longer complete.  Herbicides have not been detected 
in NDP sediments or in groundwater from the seep into NDP.   

Herbicides have been detected in non-stormwater within the City Outfall 22B storm sewer system at 
concentrations fairly consistent with shallow groundwater, suggesting a historically complete pathway 
for herbicides from shallow groundwater to City Outfall 22B non-stormwater to the River.  Shallow 
groundwater in the vicinity of the City Outfall 22B storm sewer is subject to multiple sources, as 
strongly suggested by detections of herbicides in City Outfall 22B cleanout sediment.  Herbicides 
detected at Outfall 22C are very limited and not related to RP sources.   

Herbicides detected in soil samples from the HDD and its immediate vicinity could have historically 
migrated from the multi-source former Doane Lake to the HDD.  However, the low concentrations and 
sporadic occurrences do not suggest that herbicides in HDD soil are or have historically been a 
source of herbicides to groundwater or to the River.  Herbicides have not been detected in Riverbank 
or beach area soils in the vicinity of potential constituent migration pathways from the RP property 
(e.g., City Outfall 22B or HDD). 

0.8.4 Organochlorine Insecticides (OCIs) 
OCIs detected in the RP RI data set were 2,4'- and 4,4’-DDD, DDE, and DDT (DDx), BHCs, 
endosulfans, aldrin, dieldrin, endrins, chlordane, hexachlorobenzene, hexachlorobutadiene, 
toxaphene, mirex, and perthane.  OCIs were divided into four subgroups of structurally related 
compounds for this report:  1) DDx compounds (e.g., 4,4’- dichlorodiphenyldichloroethane (DDD), 
4,4’- dichlorodiphenyldichloroethylene (DDE), and 4,4’-DDT); 2) hexachlorocyclohexanes (BHCs) and 
endosulfans (e.g., alpha-BHC, gamma-BHC (lindane), and endosulfan I and II); 3) chlorinated 
hydrocarbon insecticides (e.g., aldrin, dieldrin, and chlordane); and 4) other OCIs detected in the RP 
RI data set (e.g., toxaphene, hexachlorobutadiene, mirex, and hexachlorobenzene).   
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OCIs were formulated in the IA from 1945 until 1969 and included aldrin, BHCs, chlordane, DDx, 
dieldrin, endosulfans, endrin, heptachlor, hexachlorobenzene, and toxaphene.  RP property source 
areas for OCIs are former operations areas in the IA and waste management areas in the LADD area.  
OCI sources from other properties in the RP property vicinity include historical DDT and lindane 
manufacturing at Arkema; historical DDT formulation at Kinder Morgan/Willbridge; filling FDL with fill 
material sourced from vicinity industrial properties; use of OCIs for insect control in the general area; 
runoff containing OCIs from surrounding property owners including ESCO, NL/Gould, Schnitzer/Air 
Liquide, and RP; use of River dredge materials as fill on the Siltronic and Arkema properties that 
potentially contained OCIs from Arkema or up-River sources; and atmospheric deposition of OCIs.   

Results of analytical testing of OCIs are very dependent on the methodology employed.  Earlier 
analytical methods often resulted in false positives, especially at low concentrations.  RI groundwater 
samples collected prior to 2007 were analyzed for OCIs by the standard EPA 8080 or EPA 8081A 
techniques using GC/ECD.  Samples collected since 2007 were analyzed by GC/HRMS or 
GC/MS/MS.  Samples analyzed by GC/ECD with OCI detections were re-analyzed by GC/HRMS or 
MS/MS when possible, to confirm the reliability of the detections.  Some of the low-level OCI 
detections in the RP RI data set may be false positive results related to the presence of interfering 
compounds such as PAHs.  Therefore, interpretation of OCI results requires consideration of the 
analytical methods employed.   

0.8.4.1 Overall Conclusions Regarding Specific OCIs 

DDx compounds were detected in all media in the RP RI data set.  DDx historically was 
manufactured, formulated, or handled in the IA, and at the Arkema and Kinder Morgan/Willbridge 
sites.  Multi-source fill used in former Doane Lake, runoff, and the local use of DDT for insect control 
are also potential sources.  Historical operation areas at the Kinder Morgan/Willbridge Site where 
DDT was received, stored, formulated, and distributed by Shell also are a source of DDT.  Historical 
Shell operations at the Kinder Morgan/Willbridge Site generated waste consisting of a mixture of DDT 
and carrier diesel oil that Shell referred to as “insecticide slop” that was disposed of on site.  The 
extent of these source areas are not delineated because of limited investigations on these properties.  
Areas containing fill or dredge spoils in the RP property vicinity and the use of DDT for insect control 
are also potential sources of DDT.    

DDx (e.g., 4,4’-DDD, 4,4’-DDE, and 4,4’-DDT)  

The data distribution and concentrations indicate the presence of DDx source areas at the RP 
property and on the Arkema property.  RP DDx compound source areas are small and are in soil in 
the IA and to a lesser extent the LADD area.  NAPL is not a source of DDx.  The 4,4’-DDx isomers 
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define the extent of this OCI subgroup.  DDx compounds do not extend to the River from RP source 
areas.  Arkema is the primary source of DDx compounds in the RP property vicinity based on:   

1. The distribution and concentrations of DDx indicate source areas at the RP property in 
the IA and LADD area, and Arkema Site.  DDx compounds were not detected above 
groundwater RSLs in RP property groundwater samples collected since 2007 and 
analyzed by GC/HRMS or GC/MS/MS, except for one sample, since early 2007.  The 
only DDx groundwater RSL exceedance outside of the Arkema property in samples 
collected since use of more specific methods was implemented in 2007 was 4,4’-DDD, in 
a single sample from the LADD area.  

2. DDx compounds were detected above RSLs in the Artificial Fill and Fine-Grained 
Alluvium at Arkema in samples collected since 2007 and analyzed by GC/HRMS or 
GC/MS/MS.   

3. Constituents that originate in the IA would follow groundwater flow toward the River, 
consistent with the CSM.   

4. 4,4’-DDx concentrations decrease from the RP source areas toward the River and are 
below RSLs at NW Front Avenue. 

5.  Concentrations increase as groundwater moves beneath the Arkema property, and 
exceed RSLs at the River.  DDx sources are present at the Arkema property, based on 
groundwater concentrations.   

6. If constituents were to migrate from RP source areas, those constituents would be 
detected in the Alluvial-Colluvial Gravel or the CRBG in wells near the Riverbank, and 
not in the Artificial Fill and upper portion of the Fine-Grained Alluvium (Figure 6-V).  DDx 
compounds are not detected in the Alluvial-Colluvial Gravel or CRBG away from the RP 
source areas.   

7. The highest DDx concentrations in Arkema groundwater were detected in the Fine-
Grained Alluvium and the Artificial Fill, indicating a source is located on the Arkema Site.   

8. There is no evidence of widespread DDx concentrations greater than RSLs in soil or 
groundwater on the other vicinity properties.  

DDx was bound to sediments from former WDL, and to a limited extent in the sediments of NDL.  
Former WDL has been stabilized and capped so DDx cannot be transported through surface water or 
sediment.  NDL and NDP data indicate that DDx bound to NDL sediment is not transported through 
surface water or sediment pathways.  DDx was reported as detected in stormwater and non-
stormwater samples from the City Outfall 22B and Outfall 22C storm sewer systems at concentrations 
within the typical range of DDx detection limits (less than 5.0E-05 mg/L), and these concentrations 
were qualified as tentatively identified during validation.  DDx compounds were detected in storm 
sewer cleanout sediment samples; however, the analytical data for stormwater and non-stormwater 
indicate that DDx compounds are not leaching from sediment to water. 
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Endosulfans were not detected at concentrations greater than RSLs in the RP RI data set.  BHCs 
were detected at concentrations greater than RSLs in soil samples from the IA, the LADD area, and in 
one sample from the Siltronic property, and in groundwater from the RP property and several 
surrounding properties.  BHCs were not detected in near-River wells, with the exception of low-level 
detections on the Siltronic property.  There is no evidence of a consistent pattern of detections of 
endosulfan or BHC between the RP property and the River.  

BHCs and Endosulfans (e.g., alpha-BHC, lindane, and endosulfan I and II)  

There are several historical sources of endosulfan and BHCs at the RP property and vicinity.  
Endosulfan I, endosulfan II, and gamma-BHC were formulated and stored in the IA between 1945 and 
1969 (EMCON, 1992).  In 1953, the Pennsylvania Salt Manufacturing Co. was reportedly either 
formulating or manufacturing BHC at what is now the Arkema property (Food Ag Chem., 1953), and 
high concentrations of these COIs have been detected in groundwater under Arkema Lot 4 (ERM, 
2005; Peterson, 2008).  The filling of former Doane Lake with soil and fill material from various 
industrial activities by surrounding property owners may have introduced OCIs including endosulfans 
and BHC compounds to the former Doane Lake area, the LADD area, former WDL, and NDL.   

There is no consistent pattern of endosulfan or BHC detections between the RP property and the 
River.  Endosulfans have not been detected at concentrations greater than soil or groundwater RSLs 
during any sampling event.  Historical endosulfan detections below groundwater RSLs were 
widespread at the RP property vicinity, with no clear source areas.  Endosulfan concentrations 
detected since 2007 were extremely low (less than 4.00E-05 mg/L).  BHCs were detected above soil 
RSLs in the IA, in very isolated soil samples from former Doane Lake and the Siltronic property, and 
at very low levels in groundwater in the HA and IA.  The only BHC detections above groundwater 
RSLs were in the LADD area.  BHCs were not detected in wells at Lot 1 or Lot 2 of the Arkema 
property, but BHCs were detected in wells located on Arkema Lot 4 at concentrations ranging 
between 1.40E-05 mg/L for alpha-BHC to 0.00123 mg/L for delta-BHC (ERM, 2010).  BHCs were not 
detected in the groundwater flow path from RP source areas, demonstrating that the RP property is 
not a source of BHCs to the River. 

Endosulfans were detected in groundwater at concentrations below the RSLs at the RP property and 
vicinity properties.  The highest concentrations were identified in the LADD area; however, there is no 
clear source area, and concentrations decrease to very low levels (less than 5.0E-05 mg/L) in 
samples from the ESCO and Arkema properties between the LADD and the River. 

BHCs and endosulfans were bound to sediments from former WDL and to a limited extent within the 
sediments of NDL.  Former WDL has been stabilized and capped so constituents cannot be 
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transported through surface water or sediment.  NDL and NDP data indicate that BHCs and 
endosulfans bound to NDL sediment is not transported through surface water or sediment pathways.  
BHCs and endosulfan detections in stormwater and non-stormwater samples from the storm sewer 
systems leading to City Outfall 22B and at City Outfall 22C were very low.  BHCs and endosulfans 
were detected in storm sewer cleanout sediment samples; however, the analytical data for stormwater 
and non-stormwater show that these compounds are not leaching from sediment to water. 

Aldrin, dieldrin, endrin, chlordanes (alpha- and gamma-chlordane, cis-nonachlor, methoxychlor, 
oxychlordane, and trans-nonachlor), and heptachlor are structurally similar chlorinated hydrocarbon 
insecticides.  The term “chlorinated hydrocarbon insecticide” is used to refer to these compounds and 
their breakdown products.  Aldrin and dieldrin were widely used as insecticides in the United States 
from the 1950s until 1970, when they were banned except for use in termite control.  All uses of aldrin 
and dieldrin were banned in 1989 (ATSDR, 2002a).  Endrin was used to control insects, birds, and 
rodents in the United States from 1951 until the mid-1980s.  Endrin was also historically released to 
the environment as a contaminant in dieldrin (ATSDR, 1996).  Chlordane and heptachlor were 
historically used as domestic and agricultural insecticides in the United States.  

Chlorinated Hydrocarbon Insecticides (e.g., aldrin, dieldrin, and chlordane)  

It is clear that RP is not a source of chlorinated hydrocarbon insecticides to the River, based on the 
following: 

1.  There is no consistent pattern of chlorinated hydrocarbon insecticide detections between 
potential historical release areas on the RP property and the River;  

2.  Consistent detections of chlorinated hydrocarbon insecticides above RSLs related to RP 
operations are limited to the RP property;  

3.  Chlorinated hydrocarbon insecticides were not detected at concentrations greater than 
RSLs in near-River samples or samples collected from the other properties in the vicinity 
of the RP property analyzed by GC/MS/MS or GC/HRMS; and, 

4.  The distribution and concentrations of DDx constituents near the River are consistent 
with known Arkema sources. 

Samples on the RP property with concentrations above RSLs were largely limited to samples within 
the historical formulation and storage areas near the former dust plant building and within 20 feet of 
the ground surface.  These RSL exceedances are surrounded by soil results that are less than RSLs 
or results that indicated chlorinated hydrocarbon insecticides were not detected. 
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Several chlorinated hydrocarbon insecticides were detected above RSLs in groundwater beneath the 
RP property, but are not continuously present between the RP property and the River.  Aldrin, dieldrin, 
and endrin ketone were detected at the highest concentrations at the RP property in the Artificial Fill 
and the Fine-Grained Alluvium, consistent with the identified source area in the IA.  One or more of 
the chlorinated hydrocarbon insecticides or their breakdown products was detected at a concentration 
greater than the RSLs on the Metro, BNSF, City, NL/Gould, Schnitzer, and Siltronic properties in 
samples analyzed by EPA Method 8081A.  Samples collected before March 2007 were analyzed by 
EPA Method 8081A.  Low-level concentrations detected using EPA Method 8081A are considered 
tentatively identified, unless the detections were confirmed using alternate methods such as 
GC/HRMS.  Most detections were not confirmed during later sampling and analysis. 

Samples were collected for analysis by GC/MS/MS and GC/HRMS in 2007, 2008, and 2009 from 
wells on the Metro, NL/Gould, Schnitzer, and Siltronic properties and in the BNSF right-of-way 
between NDL and the River.  Aldrin, dieldrin, gamma-chlordane, and heptachlor epoxide were 
detected at concentrations greater than the RSLs in the Fine-Grained Alluvium in ASW-01A and 
ASW-04(18) located in the southwestern area of the Metro property near the boundary with the IA.  
Dieldrin was detected at a concentration slightly greater than the RSL in one sample from the Artificial 
Fill in a well in NW Front Avenue, and one sample from the Artificial Fill on the Schnitzer property.  
Chlorinated hydrocarbon insecticides were not detected at concentrations greater than RSLs in near-
River samples or samples collected from the other properties in the vicinity of RP and analyzed by 
GC/MS/MS or GC/HRMS. 

Constituents detected by GC/ECD, GC/HRMS, or GC/MS/MS that do not fit into one of the previously 
described subcategories include toxaphene, hexachlorobutadiene, mirex, and hexachlorobenzene, 
which are hereafter referred to as “other OCIs.”  Mirex was a dimer of hexachlorocyclopentadiene 
produced by the Hooker Chemical Company that was also sold as a flame retardant under the trade 
name Dechlorane.  Records show that the Hooker Chemical Company sold three times as much 
Dechlorane as mirex (NAS, 1978).   

Other OCIs (e.g., toxaphene, hexachlorobutadiene, mirex, and hexachlorobenzene) 

There is no record of the use, formulation, or manufacture of mirex or hexachlorobutadiene at the RP 
property.  Hexachlorobenzene and toxaphene were used in insecticide formulation in the IA.   

Toxaphene and hexachlorobenzene were the only other OCIs detected at concentrations greater than 
RSLs in groundwater.  Toxaphene and hexachlorobenzene were detected above RSLs in 
groundwater samples from the HA, IA, LADD area, and former Doane Lake.  The distribution of 
toxaphene and hexachlorobenzene detections does not indicate a discrete source area within the RP 
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property.  Hexachlorobutadiene and mirex were not detected consistently or at significant 
concentrations at the RP property and vicinity.  Chlorinated hydrocarbon insecticides were not 
detected at concentrations greater than RSLs in near-River samples or samples collected from the 
other properties in the vicinity of the RP property and analyzed by GC/MS/MS or GC/HRMS. 

There is no evidence of a consistent pattern of other OCIs between potential historical release areas 
on the RP property and the River.  OCI concentrations detected at the RP property vicinity were 
generally of low concentration and sporadic.   

0.8.5 Organophosphorus Insecticides (OPIs) 
OPIs are used for insect control in agricultural and non-agricultural areas and are normally derivatives 
of phosphoric, phosphonic, phosphorothioic, or phosphonothioic acids.  OPIs usually are not 
persistent in the environment, although their intended use results in direct release to water and soil.  
OPIs in the RP property vicinity are potentially from a number of sources including spraying of the 
constituents for mosquito control and insect control at area facilities and formulation losses at the RP 
facility.  

OPIs are not constituents of concern for the RP RI.  The RP RI data set indicates detections of seven 
OPIs: bolstar, demeton-O, disulfoton, ethoprop, malathion, parathion, and tetrachlorvinphos (stirofos).  
Only two of the detected OPIs (malathion and parathion) were formulated, processed, or stored during 
historical RP operations.  OPI detections are very limited in lateral and vertical extent and do not 
represent source areas, but rather represent isolated detections insufficient to act as a source.  

OPIs have not been detected in the NAPL area or stormwater and only in an extremely limited 
number of soil, groundwater, sediment, and surface water samples.  The detection frequency and 
most detected concentrations in environmental media are low, and detections are confined to known 
release areas, indicating that there was no transportation of OPIs away from the former RP facility.  
OPIs were detected in only 11 of 530 samples, with 19 individual OPIs detected in over 11,800 
results, for a detection frequency of 0.1 percent (%).  OPI detections did not exceed their respective 
EPA 2010 Tap Water and Industrial Soil RSLs.   

Sporadic detections in off-property media are very likely either false positives or from sources other 
than the RP property.  Analytical limitations may have resulted in some of the sporadic OPI 
detections.   
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0.8.6 PCDDs/PCDFs 
PCDDs/PCDFs are ubiquitous in environmental media worldwide from a variety of both natural (e.g., 
ball clay and forest fires) and anthropogenic sources (EPA, 2003a).  In the RP property vicinity, the 
presence of PCDDs/PCDFs in environmental media is a result of contribution from a number of 
sources that include inadvertent production as part of the chlorinated phenol chemistry conducted for 
the manufacture of herbicides, operation of furnaces and boilers on a number of neighboring 
properties (including combustion of PCB-containing fuel oils), historical chloralkali manufacturing 
processes, placement of dredge spoils from the River for land-filling, secondary lead smelting, lead 
cable sweating, auto-shredder fluff disposal, atmospheric deposition concentrated in stormwater 
runoff,  and extensive continued generation of PCDDs/PCDFs from gasoline/diesel engines and 
industrial wood combustion (Cleverly et al., 1997).  Additional information on sources of 
PCDDs/PCDFs to environmental media in the RP property vicinity is provided in Section 8.9.4, and in 
Section 3 and Appendix L.  

Distribution of PCDDs/PCDFs in environmental media in the area is controlled by the physical site 
setting; the physical and chemical properties of PCDDs/PCDFs as they relate to environmental fate 
and transport; and the nature and location of historical releases from RP operations, operations on 
neighboring properties, and urban background.  Understanding and integrating these factors provides 
the basis for the CSM for the fate and transport of PCDDs/PCDFs.   

Confirming the presence of PCDDs/PCDFs is highly dependent on laboratory methods and QC 
practices employed.  Standard EPA methods can be subject to interference from laboratory or field 
contamination, or from non-PCDD/PCDF compounds that coelute with target PCDDs/PCDFs and 
share common ions.  These interferences can result in unreliably determined concentrations or false 
positive analytical results.  Since implementation of additional QC protocols in 2007 and 2008, the 
incidence of suspected false positive results that appear to be associated with random, sporadic 
laboratory or field blank contribution (as discussed below) has been nearly eliminated.    

In addition, the specific congeners present in a sample analyzed for PCDDs/PCDFs are important to 
understanding the source and distribution of the compounds.  Homolog concentrations may not be 
usable for source differentiation, and may lead to erroneous conclusions concerning sources and 
distribution, because homologs include both 2,3,7,8-substituted and non-2,3,7,8-substituted 
congeners, and can be subject to interference from non-PCDD/PCDF constituents. 

PCDD/PCDF data collected for the RP RI indicate sources related to historical RP manufacturing 
processes, as well as a number of other non-RP-related sources.  There is also a generalized 
anthropogenic background distribution of PCDDs/PCDFs across the entire RP property and vicinity.  
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Areas with PCDDs/PCDFs related to specific sources tend to have higher concentrations of 
PCDDs/PCDFs than the areas that are affected by anthropogenic background.  In addition, 
PCDDs/PCDFs associated with RP source areas tend to have congener patterns that include a broad 
range of PCDD and PCDF congeners, but are dominated by 2,3,7,8-TCDD, OCDD, and to a lesser 
degree OCDF.  While there is some variability in relative concentrations of other PCDD/PCDF 
congeners, they are generally present at distinctly lower concentrations than the three principal 
congeners. 

The data also indicate that PCDDs/PCDFs related to RP remain localized in soil and groundwater in 
the immediate vicinity of historical releases.  Limited vertical transport of PCDDs/PCDFs in 
groundwater may have occurred at the time of initial release.  Higher concentrations of 
PCDDs/PCDFs in identifiable release areas, rapid drop off in concentration with distance from these 
areas, and comparison of specific congeners present in samples indicate that there is not ongoing 
transport of PCDDs/PCDFs away from historical release areas.  This lack of transport is consistent 
with the physicochemical properties of PCDDs/PCDFs and the hydrogeochemical conditions in the 
RP property vicinity.  Some of the factors that retard or eliminate transport include: 

● The geochemical conditions at the RP property and vicinity favor the formation of iron 
precipitates that bind to the PCDDs/PCDFs, and agglomerate to form particles too large to 
move in the groundwater system; 

● The  high organic content of the soils at the RP property and presence of NAPL also help 
to preclude transport of PCDDs/PCDFs away from source areas; and  

● There is no complete transport pathway by which soils on the RP property that contain 
PCDDs/PCDFs related to RP operations can be transported away from the RP property, 
as stormwater is collected and treated, and untreated stormwater does not leave the RP 
property. 

It is evident from the literature and the observed PCDD/PCDF distribution that PCDDs/PCDFs in 
environmental media at the RP property and vicinity are related to multiple sources and not only to RP 
operations.  Data from other sites, where available, were used to understand the nature and extent of 
PCDDs/PCDFs in the RP property and vicinity.  However, most properties in the vicinity of the RP 
property have not completed remedial investigations or fully investigated or analyzed for 
PCDDs/PCDFs, even though operations that are known sources of PCDDs/PCDFs (furnaces, boilers, 
or other likely PCDD/PCDF sources) occurred on these properties.  This lack of data makes it difficult 
to fully evaluate the distribution and sources of PCDDs/PCDFs on non-RP properties in the RP 
property vicinity. 
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0.8.7 PCBs 
PCB distribution in the RP RI datasets and data from vicinity properties indicates that PCBs are from 
multiple sources.  Historical records from the RP facility show that potential sources of PCBs are 
limited.  PCB concentrations in groundwater do not indicate downgradient transport of PCBs from 
potential source areas at the RP property.  The majority of detected total PCB results in the RP RI 
groundwater dataset are less than total PCB concentrations in wet deposition (rain) and industrial 
stormwater in the Portland area (Blischke, 2009; see Section 8.10).  PCB Aroclors detected in the RP 
property vicinity include Aroclors 1242, 1248, 1254, and 1260. 

Data collected by RP for the RP RI are supplemented with limited data from other sites.  Most 
properties in the vicinity of the RP property have not completed remedial investigations or have not 
uniformly investigated or analyzed for PCBs, even in cases of known historical operations associated 
with PCBs.  This lack of data makes it impossible to fully evaluate the distribution and sources of 
PCBs in the RP property vicinity.  

PCBs were not detected in the NAPL samples analyzed.  The specific Aroclors detected in soil 
samples differed across the RP property and vicinity and suggest localized individual releases from a 
variety of sources currently or formerly located around former Doane Lake.   

Aroclors were not detected in the RP RI groundwater dataset.  PCBs were detected in groundwater 
samples analyzed using congener-specific, ultra-trace HRMS methods, but total PCB concentrations 
did not exceed the EPA 2010 Tap Water RSL of 1.7x10-4 mg/L.  In addition, the distribution of 
individual congener patterns in the RP RI groundwater data demonstrate that PCBs detected in 
groundwater near the former RP plant area are distinct from, and unrelated to, PCBs detected in other 
areas of the RP property and vicinity.   

The predominance of lighter PCB congeners in RP property and immediate vicinity groundwater 
supports an anthropogenic atmospheric source of PCBs to groundwater rather than transport from a 
potential source area on the RP property.  Atmospherically transported PCBs would be expected to 
be lighter and therefore more water soluble, than PCBs from industrial point sources.  The differences 
in the distribution of Aroclor and coplanar congeners in the RP property and vicinity are consistent 
with expected behavior of PCBs in environmental media, especially groundwater.  As is the case for 
PCDDs/PCDFs, PCBs are expected to partition to solids in the soil-groundwater system and become 
relatively immobile.   

PCBs were not detected in the three surface water samples collected from NDL in 1995 and analyzed 
for PCB Aroclors; NDL sediment was not analyzed for PCBs.  PCBs in biota residing in NDL (fish and 
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bullfrog tissue) are likely attributable to atmospheric deposition, runoff from US Highway 30, or 
another industrial source, not the RP property.  Potential sources of PCBs on the RP property are 
distant from NDL, and there is no evidence for downgradient transport of PCBs from the RP property 
in groundwater.  PCBs were detected in WDL sediment.  The distribution of Aroclor and PCB 
congener results in sediment suggests multiple, distinct sources to former WDL.  Locations with 
detected PCB results are separated by locations where PCBs were not detected, indicating that PCBs 
have not been transported throughout the lake after initial deposition.  

PCBs were detected in sediment and non-stormwater within the City Outfall 22B storm sewer system 
at concentrations consistent with anthropogenic industrial background levels for the Portland Harbor 
area.  The HDD does not represent a transport pathway for PCBs from the RP property.    

0.8.8 Petroleum Hydrocarbons 
Total petroleum hydrocarbons (TPH) are the measurable amount of mixtures of petroleum-based 
hydrocarbons (substances with hydrogen-carbon bonds) in an environmental medium.  In the RP RI 
data set, there are significant challenges to obtaining usable analytical results for TPH, primarily due 
to interference from other relatively high concentration constituents.  All volatile and semivolatile 
organic chemicals will be detected by the nonselective detector used in analytical methods for TPH.  
Non-petroleum compounds, if present, contribute to the amount of material measured and cause 
either the TPH result to be biased high or TPH to be reported when petroleum hydrocarbons are not 
present at all. 

The chromatograms from historical TPH analyses performed on samples collected from the RP 
property and vicinity show that many of the TPH results were only apparent detections and were not 
indicative of the presence of petroleum products.  Apparent TPH detections can be attributed to the 
presence of other compounds, such as chlorinated benzenes, phenols, phthalates, or other site-
related compounds that were present in the sample.  All of these substances are measured and 
reported as TPH using the standard methodology, even though they are not actually TPH.  Actual 
TPH detections (detections of material with a chromatographic pattern corresponding to that of a 
petroleum hydrocarbon product) are found in isolated locations close to likely source areas.   

The actual TPH results from the RP RI datasets indicate multiple petroleum sources.  The available 
data demonstrate no downgradient migration of actual TPH related to RP source areas, likely 
because of the ready biodegradability of most petroleum hydrocarbons and the tendency of heavier 
petroleum hydrocarbons to adsorb to formation materials.  The distribution of actual TPH detections 
demonstrates there are no pathways for which the transport of TPH is continuous between the RP 
property and the River.  Most TPH results for groundwater samples between the RP plant area and 
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the River are false positives related to the presence of dichlorobenzenes (DCBs), which elute in the 
diesel range in TPH analysis and which give a measureable response on the flame ionization detector 
(FID). 

Petroleum hydrocarbons were released to the soil as a result of former operations in the HA; from 
placement of MGP wastes on Siltronic property; as a result of a variety of industrial activities on the 
RP property and vicinity properties including fueling and equipment operation at multiple industrial 
facilities; from local traffic emissions within the industrial area and on Highway 30; the placement of fill 
in former Doane Lake; and potential placement of dredge spoils on Arkema, BNSF, Gasco, NL/Gould, 
and Siltronic properties.  Releases of petroleum hydrocarbons in the HA contribute to the area of 
NAPL found in the northwest part of the HA and the western edge of the NPA.  At Siltronic property, 
releases of petroleum hydrocarbons from placement of MGP wastes by Gasco contributed to NAPL 
near the NDP and detections in other media in contact with MGP waste. 

Transport of diesel-range organics (DRO) and residual-range organics (RRO) away from the RP 
source areas is minimal because these types of TPH prefer to adsorb to particulates and, therefore, 
tend to be relatively immobile in the environment, independent of the particulates to which they are 
adsorbed.  In addition, DRO is readily biodegradable, and biodegradation limits transport of DRO.  
Evidence of the lack of mobility of DRO and RRO at the RP property and vicinity is found in the soil 
data set, where analytical results demonstrate that TPH detections are localized and isolated from 
each other, and where chromatograms suggest that the TPH detections are not related, as expected 
in a heavily industrialized area used by multiple parties.  Further evidence of limited, localized sources 
is found in the surface water and non-stormwater data sets, where TPH is generally not detected in 
these media (such as at NDL, Outfall 22B, and Outfall 22C) but is present in the sediments or nearby 
soils.  Detections of DRO and RRO in Artificial Fill and Fine-Grained Alluvium groundwater are 
generally low across much of the area (often less than 1.00 mg/L), further demonstrating that TPH 
releases have likely been small and localized, and are not being transported long distances from the 
point of release.  For these reasons, the RP property is not considered to be the source of DRO and 
RRO on other properties. 

Transport of gasoline-range organics (GRO) away from source areas also is relatively limited, 
because this type of TPH is less persistent as a result of its volatility and susceptibility to degradation.  
Evidence of this can be found in the soil and groundwater data sets that indicate the extent of GRO in 
the HA and NAPL area of the NPA is limited and does not migrate off RP property.  This is because 
the rate of degradation of the constituents that make up the GRO is greater than the rate of transport 
of these constituents through soil or groundwater.  This can be seen in the distribution of other 
constituents (such as xylenes).  Xylenes are detected above risk-based screening criteria only at RP 
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source areas or within the area of NAPL, and are below risk-based screening criteria at all 
downgradient and off-property locations.  TPH and its underlying constituents are expected to 
continue to degrade under current and future environmental conditions. 

0.8.9 Inorganics 
There is no discernible pattern or gradient to concentrations of metals in soil or groundwater that 
suggests the presence of a coherent plume that originates in and moves away from any particular 
source area.  Although areas of higher concentration are evident in the data, including elevated 
concentrations of arsenic in soils on the RP property where insecticides and herbicides were 
manufactured and formulated, these apparent source areas are surrounded by multiple data points 
with lower or nondetectable concentrations of the same element.  

The Lower Willamette Group (LWG) makes the same observation of lack of any evident distributional 
pattern in the upland groundwater evaluation provided in the Draft Remedial Investigation Report 
(LWG, 2009).  The general distribution of metals is consistent with the natural and human history of 
the Doane Lake area.   

River sediments and local soils are high in a number of metals that are present in environmental 
media in the RP property vicinity.  Data presented by USGS shows that soils and surficial materials in 
northwestern Oregon have some of the highest concentrations of aluminum, barium, copper, 
chromium, iron, manganese, vanadium, and zinc in the conterminous United States (Gustavvson et 
al., 2001).  This document shows that arsenic concentrations in the same area exceed risk based 
screening levels across a large area.  Use of these materials for fill in a wetland environment exposes 
them to weathering processes that tend to release these metals into groundwater, and elevated metal 
concentrations are commonly associated with filled wetland areas. 

In addition to the role of natural weathering processes in release of metals from fill materials, historical 
operations at the NL/Gould facility resulted in the release of battery acid to former Doane Lake.  The 
low pH conditions caused by the acid releases likely resulted in dissolution of metals from fill material 
as well as formation materials beneath the former Doane Lake outline.  Release of organic materials 
from other sources, including resins associated with ESCO foundry sands and solvents released from 
historical RP operations, likely resulted in changes in redox conditions that may have added to 
release of metals from fill and formation materials. 

The absence of any focused plume of metals is likely related to the same series of geochemical 
controls previously discussed for PCDDs/PCDFs, PCBs, and OCIs, and is related to formation and 
agglomeration of iron precipitates in the groundwater system, and capture of other metals within the 
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agglomerated particles.  The net effect of these processes is to greatly retard or eliminate transport of 
metals and low-solubility organic constituents, and to sequester metals near apparent source areas.  
As a result, concentrations in groundwater located further away from these apparent source areas 
represent the generalized local concentration that is not related to specific sources, but rather is 
related to a combination of contributions from fill and formation materials.   

Many of the higher reported concentrations of metals in groundwater represent older data, some 
dating back as far as the early 1980s.  These data were collected before the advent of modern 
minimal drawdown (aka low-flow) sampling techniques.  These data have been included at the 
direction of DEQ, but are highly uncertain, and of doubtful value for understanding the distribution of 
metals in groundwater in the RP property vicinity.  There is a substantial likelihood that sampling 
techniques in use at that time resulted in entrainment of formation materials in the samples, so that 
the results do not represent actual groundwater concentrations, leading to an inaccurate 
representation of nature and extent.   

0.9 RISK ASSESSMENT 

Baseline HHRAs are in process or were completed for the RP property and for NDL.  The potential 
risk posed to off-property human receptors by exposure to RP constituents will be assessed in an off-
property HHRA following approval of the Revised Final HHRA.   

A terrestrial ERA was completed for the RP property and for NDL.  A Revised ERA is in process for 
NDL to evaluate risks associated with exposure to constituents in the aquatic environment.   

0.10 SOURCE CONTROL EVALUATION BY PATHWAY 

The JSCS pathway screening evaluation is a conservative process designed by DEQ and EPA to 
identify constituents and potential transport pathways that may require source control prior to 
implementation of the in-river remedy for the River.   

Completion of the SCE screening steps for each pathway results in a list of constituents, regardless of 
source, that are retained for evaluation in an SCAA by the party or parties most appropriate for control 
of those COPCs within a given transport pathway.  Constituent sources will be evaluated by DEQ to 
determine what responsible party or parties will perform an SCAA for a particular pathway, COPC, or 
group(s) of COPCs.   
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Constituents were evaluated by medium and potential transport pathway in which they were detected.  
Most potential transport pathways are recommended for further evaluation by some party.  The HDD 
pathway is not considered complete except under conditions where River water enters the HDD 
during extreme flood events.  The possibility of flood water entering the HDD will be eliminated in late 
2010 when a one-way check valve is installed.   

0.10.1 Groundwater 
0.10.1.1 Artificial Fill 

Artificial Fill groundwater should be a medium priority and be carried forward to an SCAA by parties 
other than StarLink because of the presence of inorganic constituents.  Artificial Fill groundwater is a 
low-priority pathway for the RP SCE because: 

● The lateral extent of Artificial Fill groundwater along the Riverbank is limited.  The only 
area of saturated fill at the Riverbank is on the Siltronic property.  Gasco concluded in their 
SCE Report that they have potential COPCs at the Riverbank that may require source 
control (Anchor, 2009).  

● There are no high-priority constituents detected in Artificial Fill groundwater within the 
vicinity of the RP property, except arsenic, and the widespread nature and lack of any 
discernible pattern to the arsenic distribution suggest that the source is related to naturally 
occurring arsenic in fill materials. 

● The only medium-priority constituents are inorganic constituents, and the widespread 
nature and lack of any discernible pattern to the distribution of these constituents suggest 
that the source is related to naturally occurring concentrations in fill materials.  These 
constituents are likely not attributable to a source that could be readily addressed by 
source control measures, and there is little evidence that they are actually transported to 
the River itself.    

0.10.1.2 Fine-Grained Alluvium, Alluvial-Colluvial Gravel, and CRBG 

Whether the groundwater pathway composed of the Fine-Grained Alluvium, Alluvial-Colluvial Gravel, 
and CRBG should be carried forward to an SCAA depends on the locations of constituent plumes at 
the Riverbank.  Groundwater plumes occur from sources on the Siltronic, RP, and Arkema properties.  
The Siltronic groundwater pathway was evaluated in its SCE and the Siltronic SCE recommends an 
SCAA for groundwater.  Groundwater impacts at the River from Arkema source areas are partially 
covered by Arkema’s SCE that addresses portions of Tract A, and Lots 3 and 4.  Groundwater 
evaluation for Tract A, Lot 1, and Lot 2 areas cannot be evaluated sufficiently for non-RP constituents 
with the data in the RP database although significant impacts at the River from non-RP COIs of higher 
priority is indicated.  Further evaluation of the need for source control for these COPCs should be 
evaluated by Arkema.  
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The remaining evaluation of the need for an SCAA for the groundwater pathway in these 
hydrogeological zones is limited to the area where RP COIs are present that are classified as medium 
priority.  This is approximately the area between monitoring well clusters RP-02 and RP-11 near the 
Riverbank.  RP-related COIs are present within the lower portion of the Fine-Grained Alluvium, the 
Alluvial-Colluvial Gravel, and upper portion of the CRBG.  COI movement follows groundwater flow as 
a single plume through these stratigraphic units.   

The RP VOC portion of the plume should be classified as a low priority for source control except 
where DDx compounds and potentially metals that originate on the Arkema property overlap the 
VOCs.  In the absence of the Arkema-related compounds, the VOC plume in the Fine-Grained 
Alluvium, Alluvial-Colluvial Gravel and CRBG would be low priority despite the presence of certain 
medium-priority COIs because:  

● There are no high-priority compounds detected in the RP dataset except arsenic.  There is 
no discernible pattern to the distribution of inorganics including arsenic, which is the only 
high-priority inorganic COPC.  Inorganics in the RP property and vicinity are naturally 
occurring at concentrations above the SLV.  The inorganic constituents present in 
groundwater, especially near the River, are not attributable to a specific source(s) that 
would be addressed by source control. 

● The only medium-priority COPCs are three VOCs, and there is evidence of natural 
attenuation of VOCs in the plume.  

● The limited area of discharge and low loading from VOCs can be effectively addressed 
through the Portland Harbor in-River remedy, if necessary, and is likely unnecessary if 
dilution is considered.  

The area where DDx compounds are present at the Riverbank is not defined because of incomplete 
sampling and use of inadequate analytical methods by Arkema.  The area where DDx compounds are 
present in the Fine-Grained Alluvium, Alluvial-Colluvial Gravel, and CRBG groundwater pathway 
should remain a medium priority because:  

● DDx accumulates in sediment and biomagnifies in biota.  

● DDx is a risk driver for the Portland Harbor in-River remedy.  

● There is a large source area adjacent to the Riverbank causing continued release of these 
compounds to the River in the Fine-Grained Alluvium pathway. 

0.10.1.3 Troutdale Formation 

The Troutdale Formation groundwater should be a considered a low priority because: 
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● The potential impact from this pathway to the River is very limited because of the 
significant vertical distance (more than 100 feet) that separates the Troutdale Formation 
from the bottom of the River. 

● Analytical results from monitoring wells screened in the Fine-Grained Alluvium overlying 
the Troutdale Formation indicate there is no upward migration of RP-related COIs from the 
Troutdale Formation to the overlying Fine-Grained Alluvium materials, indicating an 
incomplete migration pathway to the River.  (e.g., Silvex was not detected in wells WS-11-
125, WS-11-161, WS-12-125, WS-12-161, WS-14-125, and WS-14-161). 

● There are no medium- or high-priority constituents retained in the Troutdale Formation for 
the RP SCE.   

● The inorganic concentrations in Troutdale Formation groundwater only slightly exceed the 
site-specific groundwater background levels, which are considered to be relatively low and 
may not be representative of background levels closer to the River.  Inorganic 
concentrations in Troutdale Formation groundwater are considered to be representative of 
regional background levels.  They are not attributable to a distinct source that would be 
addressed by source control measures. 

0.10.2 City Outfall 22C  
City Outfall 22C is assigned a medium priority and is recommended to be carried forward to an SCAA 
by others because of the presence of PAHs.  This conclusion is based on: 

1.  The inorganic, PCDDs/PCDFs, and PCB COIs are natural occurring or urban 
background and are not attributable to a source that would be addressed by source 
control measures from RP source areas.  These are systemically occurring compounds 
in the environmental media of the area and do not drive the need for an SCAA 
evaluation.  

2.  A significant number of PAHs attributable to Gasco MGP operations and waste disposal 
are detected in stormwater, non-stormwater, and sediment.  Most of the Gasco PAHs are 
screened out during the SCE evaluation because they are not continuously present 
between RP and City Outfall 22C.  For those constituents screened out, SLV 
exceedances are pervasive in sampled media and are found in water and sediment in 
NDL, NDP, and the 22C outfall.  

3.  Control of PAH-containing wastes that either directly enter the City Outfall 22C pathway 
or indirectly enter it through groundwater are the sources and pathways that would result 
in the widest control of PAHs detected in the City Outfall 22C pathway.  

0.10.3 HDD 
The HDD pathway should not be carried forward to an SCAA because it should be considered an 
incomplete pathway.  The HDD only has potential to carry water during extreme weather conditions 
when the River floods and backs up into the HDD.  The River would need to be 7.6 feet above flood 
stage (between a 50 and 100 year flood probability) to reach the elevation of the HDD (USACE, 1971 
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and 1977).  As part of the HDD Culvert Check Valve Work Plan submitted to the DEQ on August 19, 
2010 (AMEC, 2010t), the culvert connecting the HDD under NW Front Avenue to the Riverbank will 
be fitted with a cut-off valve to prevent River flood water from entering the HDD.  As a result, the 
potential pathway will be eliminated.   

0.10.4 Bank Erosion 
Bank Erosion is a medium priority pathway because of the presence of SVOCs, OCIs, and 
PCDDs/PCDFs, and may require an SCAA by parties other than StarLink.  Bank Erosion is a low 
priority pathway for the RP SCE because: 

● There are a limited number of high-priority COPCs that are solely related to an RP source 
area.  These are dieldrin, total chlordane, and TCDD.  The total DDx found at the 
Riverbank may come in part from an RP source area, but the Arkema property is a more 
proximate source of DDx at the Riverbank.  The RP property is not the source of SVOCs, 
total PCBs, or inorganic constituents at the Riverbank. 

● The extent of the high priority COPCs in Riverbank soils related to RP source areas is 
limited to the area immediately around the discharge point of City Outfall 22B and the 
HDD.  Sediment input to City Outfall 22B was substantially reduced and will be reduced 
further upon completion of the Expanded City Outfall 22B IRAM (Section 5.3.2).  There is 
no outflow from the HDD to the River.  Only under extreme flood conditions of the River 
would the HDD flood and potentially carry sediments away from the HDD (Section 16.9).  

An SCAA for the Bank Erosion pathway would cover the entire bank area along Arkema Tract A and 
BNSF properties.  The SCAA should be completed by others because the extent of the area where 
constituents potentially related to RP exceed JSCS SLVs is limited to the area immediately 
surrounding the City Outfall 22B discharge point.  Source control for this pathway needs to consider 
the extent of COPCs related to other parties such as Arkema that are located immediately adjacent to 
the beach area and the extent of constituents immediately upgradient of the beach area investigated 
by this RI/SCE. 

0.11 DATA COMPLETENESS 

Data completeness was evaluated for each media investigated.  The data set for each medium is 
complete and potential source areas and migration pathways are adequately characterized.  
Additional sampling to further define nature and extent, and fate and transport, for the RI is not 
necessary.   

The RI characterization also is sufficient to identify that there are third-party contributions to the 
constituents found in environmental media in the RP property vicinity.  This data completeness 
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evaluation does not address inadequacies in the characterization of the nature and extent of third-
party sources or investigations. 

The data sets used in the RI/SCE Report span a period of approximately 30 years and contain data of 
varying quality.  Data quality issues were identified and addressed by the use of newer analytical 
methods and by comparison of older results with more recent data to evaluate representativeness of 
the older results.  Recent results generated using the newer analytical methods are considered the 
most representative; however, all available data are included in the RI/SCE Report.  A sufficient 
amount of data was generated from newer analytical methods for the purpose of the RI. 

Focused data collection may be necessary to complete the FS or to support remedial design work 
where existing data are not adequate to allow for reasonable assumptions to be made in the 
evaluation of remedial technologies.  Specific data collection needs to support remedy evaluations will 
be developed after initial remedial options are identified. 

0.12 NEXT STEPS 

Multiple reporting and field activities are anticipated in 2011, including: 

● Final RI Report 

● NDL Recontamination Study and Stormwater Assessment (RSSA) Technical 
Memorandum 

● Revised Final HHRA Report 

● Revised ERA Report for NDL 

● Feasibility Work Plan 

● WDL IRAM Completion Report 

● WDL Cap Stormwater Management Report 

● WDL IRAM Long-term Monitoring Program and reporting 

● City Outfall 22B Expanded IRAM Completion Report 

● NFA ISCM Extended Pumping Test Technical Memorandum 

● HDD Culvert Check Valve Work Plan implementation and reporting 

● Office/Warehouse and Maintenance Shop building demolition implementation 



 

AMEC Earth & Environmental, Inc. 
Project No.:  0-61M-107030/Phase 0104/T6 1 
K:\10000\10700\10703\0100 RI-FS-ROD\0104 RI Report\Draft RI\RI-SCE Report.Docx 

RI/SCE REPORT 
RP - Portland Site 
Portland, Oregon 

1.0 INTRODUCTION 

This combined Remedial Investigation and Source Control Evaluation (RI/SCE) Report is being 
submitted for the former Rhone-Poulenc (RP) property located at 6200 N.W. St. Helens Road in 
Portland, Oregon (Figure 1-A).  The former RP plant area is 2,000 feet from the Willamette River 
(River) and is defined in Section 2.1.  The RI/SCE Report addresses both the RP property Remedial 
Investigation (RI) and the Source Control Evaluation (SCE) because each relies generally on the 
same information and data.   

1.1 BACKGROUND AND OBJECTIVES 

The RI was performed pursuant to Order on Consent Oregon Department of Environmental Quality 
(DEQ) No.  WMCSR-NWR-99-07 (Order).  RI activities are being conducted by StarLink Logistics, Inc. 
(StarLink) in compliance with the RI/Feasibility Study (FS) process provided in Oregon Administrative 
Record (OAR) 340-122-010 through 340-122-115, the scope of work provided in the Order, and 
relevant DEQ and United States Environmental Protection Agency (EPA) guidance documents. 

The RI and SCE include data collected from 1981 through January 2010 to satisfy a number of 
purposes and objectives.  The RI objectives are to identify and characterize RP source areas; 
evaluate contaminant migration pathways; determine contaminant nature, extent, and distribution; 
define the Locality of Facility (LOF); identify current and reasonably likely future pathways to potential 
human and ecological receptors; estimate the potential risks to human health and the environment; 
and generate sufficient data to evaluate remedial action alternatives and select a remedy.  The RI 
evaluates only areas upland from the Willamette River ordinary high water mark and does not 
evaluate areas subject to the Portland Harbor Superfund Site remedial investigation.  The results of 
the RI form the basis for completing a feasibility study for the former RP property that will evaluate 
remedy alternatives for the property. 

The SCE was completed in response to a DEQ letter dated February 22, 2005 (DEQ, 2005).  The 
DEQ is responsible for requiring properties upland from the Portland Harbor Superfund Site to 
complete source control evaluations to identify and evaluate potential sources of contamination to the 
Willamette River, pursuant to the Portland Harbor Joint Source Control Strategy (JSCS) document 
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between the EPA and the DEQ.  The objective of these source control evaluations is to identify, to the 
extent practicable, contaminant sources requiring control at or downgradient of an upland site prior to 
implementation of an in-water remedy. 

The JSCS provides for the screening of each upland constituent source against screening level 
values (SLVs) to evaluate if the upland source is a potential threat to the River.  The SLVs include 
medium-specific and chemical-specific standards and guidelines.  Exceedance of an SLV does not 
necessarily indicate the upland source poses an unacceptable risk to human health or the 
environment, but does indicate the need for further evaluation to determine if source control is 
required.  Screening results and consideration of other factors identified in the JSCS are used to 
prioritize the upland source to determine if source control is required prior to implementation of the 
Portland Harbor Superfund Site Record of Decisions (ROD). 

If the SCE determines that a constituent pathway requires consideration for source control, a Source 
Control Alternatives Analysis (SCAA) will be required to screen and select a source control alternative 
for implementation.  Following the SCAA, a Source Control Decision Document is prepared to identify 
the source control decisions and specific information regarding the selected source control 
technologies.  

The RI and the SCE both evaluate constituents and constituent transport pathways.  The RI focuses 
on the evaluation of constituent transport pathways to human and environmental receptors.  The SCE 
focuses on currently complete constituent transport pathways to the Willamette River.  Multiple third 
party sources contributed constituents to environmental media in the transport pathways of the RP 
LOF evaluated in both the RI and SCE.  For example, the properties within the RP LOF where 
operations and waste management activities were conducted that contributed constituents to the 
transport pathways include but are not limited to properties owned or operated by Arkema, Inc. 
(Arkema), ESCO Corporation (ESCO), NL Industries/Gould, Inc. (NL/Gould), Northwest Natural Gas 
(NWN), Schnitzer Investment Company (Schnitzer), Air Liquide, LLC (Air Liquide), Siltronic 
Corporation (Siltronic), Kinder-Morgan, BNSF Railway Company (BNSF), and the City of Portland 
(City) (see Sections 3.2, 8, and 16 for additional details).  As a result, the RI and SCE evaluate and 
distinguish between constituents and constituent distributions attributable to the RP property and to 
third party properties.  Third party properties in the vicinity of the RP property are shown on Figure 1-
B. 

The SCE identifies constituents contributed by third parties that may require source control prior to 
implementation of the Portland Harbor Superfund Site ROD.  The party or parties responsible for 



 

AMEC Earth & Environmental, Inc. 
Project No.:  0-61M-107030/Phase 0104/T6 3 
K:\10000\10700\10703\0100 RI-FS-ROD\0104 RI Report\Draft RI\RI-SCE Report.Docx 

these constituents should also be responsible for completing the SCAA evaluating alternatives for 
those constituents. 

1.2 ORGANIZATION OF REPORT 

The RI/SCE Report is organized into the sections described below.   

Section 2.0 – Property Description and History – This section describes the RP property and 
vicinity and provides a history of ownership and operations at the RP property. 

Section 3.0 – Hazardous Substance Releases – This section describes the hazardous substance 
releases at the RP property and third party properties in the vicinity that contribute contaminants to 
environmental media in the RP LOF. 

Section 4.0 – Summary of Investigation Activities – This section provides a summary of 
investigations conducted as part of the RP RI.  Comprehensive investigations were undertaken 
beginning in the early 1980s.  The work also included investigations of contaminants relating to 
activities and waste management on third party properties.  In 1999, an RI Work Plan was developed 
for the RP property by Ecology and Environment (E&E, 1999), which formed the basis for subsequent 
work.  Where applicable, the investigations are presented in the summary section as pre- and post- 
1999 RI Work Plan.  

Section 5.0 – Interim Remedial Action Measures – This section describes the existing and in-
progress interim remedial action measures (IRAMs) related to the RP property.  These IRAMs include 
capping in the Insecticide Area (IA); decommissioning subsurface facility structures, including pipes, 
sumps and an elevator shaft, and covering unpaved soils in the Herbicide Area (HA); operation of a 
shallow groundwater extraction and treatment system, which includes collection and treatment of on-
site stormwater; lining the City Outfall 22B storm water conveyance system, including manholes and 
private stormwater lateral systems; and in-situ stabilization and capping of sediments in former West 
Doane Lake (WDL). 

Section 6.0 – Hydrogeologic Conceptual Site Model (CSM) – This section presents the regional 
and local geology and hydrogeology, nature of sediments and bedrock in the stratigraphic units 
encountered at the RP property and vicinity, and the hydrogeologic CSM.   

Section 7.0 – Potential Transport Pathways – This section describes potential constituent migration 
pathways from the RP property. 
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Section 8.0 – Chemical Nature and Extent / Fate and Transport – This section discusses the 
nature and extent of constituents detected in environmental media at the RP property and vicinity, and 
the fate and transport of constituents in the RP property and vicinity.  The chemical classes discussed 
are volatile organic compounds (VOCs), semivolatile organic compounds (SVOCs), chlorinated 
herbicides (herbicides), organochlorine insecticides (OCIs), organophosphorus insecticides (OPIs), 
polychlorinated dibenzo-p-dioxins/ polychlorinated dibenzofurans (PCDDs/PCDFs), polychlorinated 
biphenyls (PCBs), petroleum hydrocarbons, and inorganics.  An evaluation of non-aqueous phase 
liquid (NAPL) and natural attenuation processes is also included in this section.  Under each chemical 
class, areas of discussion include the following:  physical properties/environmental fate; laboratory 
analytical data; sources (including third party sources); nature and extent; fate and transport; and 
summary of transport pathways. 

Section 9.0 - Locality of Facility – This section defines the LOF for the RI. 

Section 10.0 - Current and Reasonably Likely Future Land and Water Use – This section includes 
an updated discussion of current and reasonably likely future land and water use, based on the 
beneficial land and water use summary included in the RI Work Plan (E&E, 1999), and Human Health 
Risk Assessment (HHRA) (AMEC, 2006g). 

Section 11.0 – Data Completeness Evaluation – This section includes a data completeness 
evaluation for each investigated medium:  soil and NAPL, groundwater and hydrogeology, surface 
water, lake sediment, stormwater, non-stormwater, storm sewer and catch basin sediment, and biota.  
The comprehensive investigations of each medium provide a thorough understanding of constituents 
attributable to the RP property necessary to complete the risk assessments and to plan for and initiate 
the feasibility study.  

Section 12.0 - Baseline Human Health Risk Assessment – This section summarizes the 
conclusions from the on-property HHRA, which is being updated, and summarizes the North Doane 
Lake (NDL) HHRA.  It also discusses the general scope and schedule for a future off-property HHRA.   

Section 13.0 - Baseline Ecological Risk Assessment – This section includes a summary of the 
baseline ERAs for on-property terrestrial habitat and off-property aquatic habitat at NDL. 

Section 14.0 – Hot Spot Evaluation – This section describes the status of the RP property hot spot 
evaluation (HSE). 

Section 15.0 – Potential Pathways to the River for Source Control Evaluation – This section 
describes each potential constituent migration pathway to the River from the RP property as identified 
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by the DEQ in its Milestone Report for Upland Source Control at the Portland Harbor Superfund Site 
(JSCS Milestone Report; DEQ, 2010n).   

Section 16.0 – JSCS Pathway Screening for Source Control Evaluation – This section presents 
the results of the JSCS screening for each potential migration pathway, determination on the 
completeness of each pathway, conclusions on whether complete pathways require source control 
and an alternatives analysis, and a discussion regarding other parties that are likely contributing 
constituents to the complete pathways.   

Section 17.0 – Conclusions – The RI conclusions section summarizes the RI findings based on the 
characterization activities, the CSM, the HHRA, and the Baseline ERA, and addresses the 
completeness of the RI effort relative to completion of the FS and remedial action decisions.   

The SCE conclusions section summarizes the SCE, including identification of potential pathways, 
elimination of incomplete pathways, screening of potentially complete pathways, identification of third 
parties primarily responsible for certain contaminants and pathways, and recommendations for the 
evaluation of source control alternatives analysis (SCAA) if warranted. 

Section 18.0 – Upcoming Activities – This section summarizes ongoing and upcoming RI- and SCE-
related activities, and an approximate schedule for completing the activities. 

Tables, figures, and appendices are provided at the end of the report, and are referenced in the 
appropriate sections throughout this report. 

2.0 PROPERTY DESCRIPTION AND HISTORY  

This section presents a description of the RP property and vicinity and a history of operations at the 
RP property.  The RP property is currently vacant with the exception of operations related to water 
treatment, environmental investigations, and remedial actions.  

2.1 PROPERTY DESCRIPTION 

The RP property is located in Portland, Oregon, at 6200 N.W. St. Helens Road.  The 18-acre property 
is located in Section 13 of Range 1 West, Township 1 North of the Willamette Meridian (Figure 1-A).  
The former RP plant area is situated approximately 2,000 feet from the Willamette River and located 
within the Guild’s Lake Industrial Sanctuary, a heavily industrialized area northwest of Portland 
(Figure 1-B; City, 2001). 
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2.1.1 Topography 
The RP property is generally flat, with elevations ranging from 47 feet above mean sea level (amsl) on 
the southwest portion of the property to 36 feet amsl on the northwest portion of the property.  
Topographical highs in the RP property vicinity are defined by the Tualatin Mountains to the west (with 
heights of 1,100 feet amsl), the BNSF embankment to the north (58 amsl), and the ESCO and Gould 
landfills (39 feet and 61 feet amsl, respectively) (Figures 1-A and 1-B). 

The NW Portland industrial area was once dominated by lakes, including Kittridge and Doane lakes.  
Kittridge and Doane lakes were filled as industrial development in the area occurred in the early to 
mid-1900s (E&E, 1999).  The most recent (mid-1970s through present) remnants of former Doane 
Lake are North Doane Lake (NDL) north of the BNSF Railway Company (BNSF) railroad 
embankment, former West Doane Lake (WDL) along the south side of the railroad embankment, and 
former East Doane Lake (EDL) near N.W. Front Avenue.  The filling of former Doane Lake and its 
remnants at the RP property and vicinity are discussed in Section 6.2.   

2.1.2 Climate 
Portland, Oregon, is situated at the confluence of the Columbia and Willamette rivers in the northern 
end of the Willamette Valley.  Portland is located approximately 65 miles inland from the Pacific 
Ocean, roughly midway between the Cascade Range to the east and the Coast Range to the west 
(NOAA, 2010).  The Coast Range shields inland areas from cool, moist air masses from the Pacific 
Ocean, while the Cascade Range acts as a barrier to air flow, resulting in mild temperatures and high 
annual rainfall in the Portland area (NOAA, 2010).   

Data collected from the RP property on-site weather station generally coincides with the data 
collected by NOAA for the same time period at the Portland Airport.  Data collection at the RP 
property began in April 2008, with climate readings occurring every 15 minutes.  The RP property had 
recordable rainfall each month for the period between April 2008 and July 2010.  Monthly rainfall 
ranged from 0.02 inches in July 2008 to 9.92 inches in January 2010.  The average monthly 
temperatures during that period ranged from 36.7 degrees Fahrenheit in December 2009 to 71.2 
degrees Fahrenheit in July 2009.  The average monthly wind speed at the RP property during that 
period ranged from approximately 1.2 miles per hour (mph) to approximately 2.7 mph.  The maximum 
wind speed recorded at the RP property was a gust of 45 mph in June 2009 during a severe 
thunderstorm.  Table 2-A includes monthly averages for temperature, humidity, wind speed, and 
precipitation. 
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2.2 RP PROPERTY HISTORY 

The RP property formerly contained a pesticide formulation and manufacturing facility.  Former 
operations on the RP property, activities on surrounding properties, and activities common in 
industrialized urban areas have impacted the RP property.  The RP property is separated and 
described in three areas identified as the Insecticide Area (IA), the Herbicide Area (HA), and the 
Northwest Property Area (NPA).  These areas are defined as follows and are shown on Figure 2-A: 

● The IA is located at the southern portion of the RP property and was used for the 
formulation and storage of insecticides and their components. 

● The HA is located adjacent to and northwest of the IA and was used for the manufacturing, 
formulation, storage, and handling of herbicides and their components.  The administrative 
buildings and maintenance facility were in the HA. 

● The NPA is located north of the HA.  A portion of the NPA, generally located northeast of 
the Lake Area Drainage Ditch (LADD), was part of former Doane Lake.  Doane Lake was 
filled with soil, dredge spoils, and wastes and fill material from various industrial activities 
by various property owners including ESCO Corporation (ESCO) (wastes from ESCO’s off-
site foundry operations including foundry sand, dust, yard debris, slag, scale, and metals), 
NL/Gould (discarded battery casing materials and other lead smelter wastes), Schnitzer 
Investment Corporation (Schnitzer) (non-magnetic auto shredder wastes), Air Liquide, LLC 
(Air Liquide) (calcium hydroxide waste), BNSF (dredge spoils and imported fill), and RP 
(imported fill and herbicide/insecticide manufacturing wastes) (see Section 3.2 for 
additional information).  The NPA portion of Doane Lake was primarily filled during the 
1960s and early 1970s.  No RP operations were conducted in the NPA with the exception 
of water treatment at the water treatment plant (WTP).  Atlas Building Wreckers (Atlas) 
leased a portion of the NPA from approximately 1976 to 1985.  Atlas’ operations included 
stockpiling and sorting of building materials and operation of an equipment maintenance 
and fueling facility (G&M, 1991).  Ore-Dressing, Inc., a mining equipment storage 
company, also had equipment storage operations in the NPA in 1978. 

2.3 RP OWNERSHIP AND OPERATIONAL HISTORY 

The former RP property facility operated from 1945 to 1990.  Prior to 1937 through 1945, Spokane, 
Portland, and Seattle Railway and Northern Pacific Railway Company owned and operated railway 
shipping activities on the RP property.  From 1945 to 1988, the Chipman Chemical Company, Inc. 
(Chipman) and its corporate successors owned the former RP property and operated the formulation, 
manufacturing, and distribution facilities for herbicides and insecticides on the RP property.  The 
formulation and manufacturing of herbicides and insecticides occurred under various owner names, 
primarily the result of corporate mergers or name changes.  These owners, in chronological order, 
included: Chipman, Rhodia, and Rhone-Poulenc AG Company.  The Rhone-Poulenc AG Company 
owned the facility from 1988 to 1992.  Manufacturing activities ceased by 1990 and building 
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demolition was complete in 1992.  Rhone-Poulenc, Incorporated owned the property from 1992 to 
2000.  In 2000, property ownership transferred to Aventis CropScience USA LP, and from 2001 to the 
present, the RP property has been owned by StarLink.  A summary of the ownership and operational 
history is provided in Table 2-B.   

2.3.1 Operational History 
Liquid and solid insecticide formulation in the IA began in 1945 (Table 2-B).  The IA also was used to 
store finished goods and waste materials associated with herbicide production in the HA (E&E, 1999).  
The formulation of insecticides and other minor products was discontinued in stages in the late 1960s, 
with all insecticide formulation ceasing by 1972 (EMCON, 1992).  A summary of the formulated 
products and purchased chemicals used in the IA is provided in Table 2-C. 

Around 1950, liquid and solid herbicide formulation operations were added.  These operations used 
purchased active ingredients (technical products) which were mixed with solvents, emulsifiers, and 
solid diluents to form marketable products for packaging.  A plant to manufacture the herbicide 2,4-D 
acid and esters was constructed and began production in 1956.  During the early 1960s, plants were 
constructed for the manufacture of 2-methyl-4-chlorophenoxy acetic acid (MCPA;1961-1975), 2,4,5 T 
(manufactured on a limited, periodic basis beginning in late 1960 and ending in early 1962), and 2,4-
DB acid (1963-1982).  Facilities to manufacture bromoxynil octanoate were added in 1971.  All 
manufacturing at the facility ceased by 1990.  Other minor herbicide products were manufactured at 
the Portland site at various times during the operational history, utilizing existing operations at the time 
(EMCON, 1992).  A summary of the manufactured products, laboratory chemicals, and purchased 
chemicals used in the HA is provided in Table 2-C. 

No insecticide or herbicide manufacturing or formulation occurred in the NPA (EMCON, 1992).  
Chemicals used on this portion of the property were limited to those used in the WTP and are listed in 
the HA section of Table 2-C.   

Key chemicals purchased for use on the property, as well as products manufactured, were 
documented in the Phase I Area Report (EMCON, 1992).  The report also lists the major reagent 
chemicals used in laboratory work and the chemicals used for wastewater treatment.  Inorganic and 
organic reagents used for quality control analytical procedures, and maintenance materials such as 
oil, lubricants, paints, and water treatment chemicals used for boilers and cooling towers, were not 
listed (EMCON, 1992).  
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2.3.2 Property Facilities 
An overview of historical facilities is also presented on Figure 2-A and shown on aerial photographs in 
Appendix A.  The production facilities were generally located in the HA.  The northern portion of the 
HA included a maintenance shop, boilers, and a cooling tower.  The eastern portion of the HA 
included a production office, a laboratory/locker room, and a container warehouse.  The south-central 
HA included the main business office, an adjoining storage area, and an open warehouse.  Along the 
western boundary of the southern HA were several small aboveground storage tanks (ASTs), an 
electronic control room/2,4-DB storage building, an MCPA/2,4-DB plant building, and several cooling 
towers.  The majority of the buildings were demolished in 1990.  Of the original structures in the HA, 
only three remain: the maintenance shop, main business office, and container warehouse.  Demolition 
of the maintenance shop and the main business office is planned.  The container warehouse is a 
RCRA-compliant waste storage facility (WSF).  The rest of the HA is either paved or covered by grass 
or gravel. 

The IA contained the insecticide formulation building and also was used for indoor and outdoor 
storage of HA products.  Aboveground structures were removed from the IA, although one building 
foundation remains.  The rest of the IA is either paved or covered by grass or gravel. 

Centralized wastewater treatment operations began in 1966.  Prior to this, wastewater treatment 
occurred in the individual manufacturing units.  The current WTP is located in the NPA at the northern 
boundary of the HA.  On-property stormwater and extracted groundwater are collected and treated in 
the WTP.  The WTP includes biological treatment (groundwater only) followed by activated carbon 
adsorption prior to discharge of the treated effluent to the River pursuant to a DEQ-issued NPDES 
permit. 

3.0 HAZARDOUS SUBSTANCE RELEASES 

This section discusses hazardous substance releases from the RP property as well as operations and 
known releases from other properties within the RP property vicinity.  The activities associated with 
other properties have contributed constituents to media at, near, and up or downgradient from the RP 
property.   

3.1 RP PROPERTY RELEASES AREAS 

Releases occurred on the RP property in areas where production materials were commonly stored 
and used.  
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Documented releases and possible source areas were identified in the Phase I Area Report (EMCON, 
1992) and updated in the RI WP (E&E, 1999).  A description of each area is provided in the Source 
Area Investigation Scoping Document (URS, 2000).  The Final Soils Characterization Report (AMEC, 
2003d) evaluated the amount and distribution of data collected and concluded that soil 
characterization was adequate for RI purposes; DEQ agreed in its response letter dated September 
29, 2003.   

The locality of the facility (LOF) that may have been affected by RP property releases includes 
portions of the properties and features listed below.  Additional discussion of the LOF, based on the 
chemical nature and extent analyses in Section 8, is provided in Section 9. 

● RP property; 

● NL Industries/Gould property (NL/Gould); 

● ESCO Corporation property known as the ESCO Willbridge landfill (ESCO); 

● Arkema property (Arkema); 

● Siltronic Corporation property (Siltronic); 

● Schnitzer Investment Corporation property, a portion of which is operated by Air Liquide 
USA, LLC (Schnitzer/Air Liquide); 

● Metro Central Transfer Station property (Metro); 

● Kinder Morgan/Willbridge facility; 

● City Guild’s Lake Pump Station property; and 

● BNSF property BNSF.   

The Draft RI report does not address environmental media within the boundaries of the Portland 
Harbor Superfund Site or discuss links between the RP property and environmental media in the 
River.  Areas upland from the ordinary high water mark of the River are included in the Draft RI. 

3.2 HAZARDOUS SUBSTANCE RELEASES IN THE RP PROPERTY VICINITY 

Operations and activities at properties near the RP property have contributed constituents to media at, 
near, and up or downgradient from the RP property.  These sources of hazardous substances are 
summarized in this section and identified on Figure 3-A.  Additional information on selected properties 
in the RP property vicinity including location and background, activities, investigation adequacy, 
constituents of interest (COIs), and document references was supplied by StarLink and is included in 
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Appendix L.  The distribution of constituents resulting from releases at third party properties in the 
vicinity of the RP property are described in Section 8, Chemical Nature and Extent/Fate and 
Transport, and Section 16, JSCS Pathway Screening for SCE. 

3.2.1 Arkema, Inc. 
Arkema owns the property located northeast of the RP property, adjacent to the River (Arkema Site).  
Arkema’s predecessor, Pennsylvania Salt Manufacturing Company, acquired the property in 1940 and 
continued operations through 1957.  Operations at the site continued from 1957 through 1969 under 
Pennsalt Chemicals Corporation, 1969 through 1989 under Pennwalt Corporation, 1989 through 1992 
under Atochem North America, 1992 through 2000 under Elf Atochem North America, and ATOFINA 
Chemicals, Inc from 2001 through 2004.  Operations were suspended in 2001 and most of the facility 
structures were demolished at that time (ERM, 2005). 

Operations at the Arkema Site included production of chlor-alkali products (1942-2001), pesticide 
products (1947-1954), and other products (1951-1990) including sodium orthosilicate, alkaline 
cleaners, ammonia, ammonium hydroxide, hydrochloric acid, and sodium hypochlorite.  Wastes 
associated with these operations included lead, asbestos, and chlorinated hydrocarbons.  COIs at the 
Arkema Site include VOCs, SVOCs, |insecticides, PCDDs/PCDFs, PCBs, petroleum hydrocarbons, 
and inorganic constituents.  A list of COIs associated with the Arkema Site is provided in Table 3-A 
and Appendix L.  

3.2.2 BNSF Railway Company 
BNSF owns the property adjacent and to the north, south, and west of the RP property.  This includes 
the northern and southern railroad embankments that confine NDL (BNSF line segment 0047).  The 
BNSF railroad lines in Portland have transported passengers and goods since before 1908.  Prior to 
1915, trains crossed Doane Lake on a timber-pile-supported trestle which was built from 1906 to 
1908.  The current line is supported by a rock embankment separating NDL from the RP property, 
which was at least partially constructed using River dredged material (Nelson, 1924).  The north spur 
was constructed between 1968 and 1969 (Appendix A).  The River bridge was modified from a swing 
span to a lift span in 1989.  

Trains moving along the railway can release fuel, oil, metals, and other hazardous materials being 
transported by rail (MDE, undated).  BNSF’s response to the EPA Comprehensive Environmental 
Response, Compensation, and Liability Act (CERCLA) Section104(e) information request documents 
annual application of herbicides, sometimes followed by additional treatments to address areas that 
may have been missed.  Spraying was typically required 12 feet on either side of the track centerline.  
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Herbicides listed in the 104(e) response include dicamba and the triisopropanolamine salt of 2,4-D.  
Potentially impacted media include soil, groundwater, surface water, and sediment.   

No investigations of BNSF property by BNSF or other third parties in the RP property vicinity have 
been reported, and no soil or groundwater testing was reported in the BNSF 104(e) response.  A list 
of COIs associated with BNSF is presented in Table 3-A and additional information is provided in 
Appendix L. 

3.2.3 ESCO Corporation 
The ESCO property, located at 6900 N.W. Front Avenue, is located northeast of the RP property, 
between the RP NPA and NW Front Avenue (ESCO Site).  The ESCO Site was part of the former 
Doane Lake.  The ESCO Site is an unlined landfill that received wastes from ESCO’s off-site foundry 
operations from 1957 to 1979 (ESCO, 2008).  In addition, a small sand-washing operation was 
present on the ESCO Site from 1975-1977.  The landfill was closed and covered with 9 inches of clay 
loam topsoil, sewage sludge, and grass in 1983 (ESCO, 1983; DEQ, 1983).   

Materials and wastes disposed of at the ESCO Site included foundry wastes, including zircon, 
chromite, and silica sands; dust; firebrick; slag; and various types of metallic debris.  The zirconium 
sands were “mildly radioactive” as a function of their natural source.  The ESCO Site is considered a 
potential source of total phenolics, phenol, naphthalene and other PAHs, as well as the metals iron, 
lead, manganese, chromium, nickel, aluminum, calcium, magnesium, and zinc (DEQ, 2010f).  
Impacted media include soil, groundwater, and former Doane Lake surface water and sediment.  
COIs associated with the ESCO Site include SVOCs, TPH, and inorganics (Table 3-A).  

Waste disposal operations impacted the surface waters and sediment of Doane Lake.  In addition to 
the disposal impacts, a DEQ inspector observed Doane Lake to be red, possibly from phenols due to 
overflow from the sand-washing operations in early 1976 (ESCO 104(e) Response, Property A, page 
17; ESCO 104(e) Response, Property C, page 17).   

Investigations conducted at the ESCO landfill are limited.  Additional discussion of the ESCO Site is 
presented in Appendix L.  

3.2.4 Gasco Corporation 
The Gasco property at 7900 NW St. Helens Road is located northwest of the RP and Siltronic 
properties, and is bordered by the River to the northeast and Highway 30 to the southwest.  The 
Gasco Site (present-day Gasco and Siltronic properties) was a manufactured gas plant (MGP) from 
approximately 1913 through 1956 (HAI, 2007a).  Northwest Natural Gas Company (NWN) purchased 
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the Gasco property in 1956, changed the Site name to NWN in 1958, and continues to operate a 
natural gas distribution facility on the property.  The hazardous materials at the Gasco Site include but 
are not limited to oil gasification wastes, including coal tars, oil, creosote, lampblack, spent oxide, and 
lead (DEQ, 2010c).  COIs at the Gasco Site include VOCs, SVOCs (including PAHs and phenols), 
and inorganics/metals (Table, 3-A).  Impacted media include soil, groundwater, surface water (NDL, 
Doane Creek, NDP, City Outfall 22C, and River), and sediment (NDL, Doane Creek, Northwest 
Drainage Pond [NDP], City Outfall 22C, and River).  The list of the COIs associated with operations 
on the Gasco Site is presented in Table 3-A. Between 1913 and the late 1960s, MGP wastes were 
placed in low-lying areas near the eastern corner of the current Gasco property, on the current 
Siltronic property, and on portions of the BNSF property.  The Siltronic RI Report (MFA, 2007) and 
Gasco RI WP (HAI, 2007b) provide additional information on Gasco waste disposal at the Siltronic 
and BNSF properties, including the storage of “solid MGP waste” in ponds and storage piles in the 
southwestern corner of the Siltronic property.  Prior to the completion of the northern railroad segment 
in 1969, MGP-related wastes may have impacted surface water and sediment in NDL during earth-
moving activities at the Siltronic and BNSF properties.  Aerial photographs of NDL, Gasco waste 
ponds (current Siltronic property), and the Gasco Site are provided in Appendix A.   

The Gasco Site was added to the Comprehensive Environmental Response, Compensation, and 
Liability Information System (CERCLIS) in 1979 (DEQ, 2010c).  DEQ added the Site to its Confirmed 
Release List in 1994.  NWN entered the Oregon DEQ’s Voluntary Cleanup Program in 1993 and 
signed an agreement to conduct a remedial investigation/feasibility study (RI/FS) for the Site in 1994.  
The Portland Harbor Superfund Site includes the Gasco Site.  Numerous investigations have been 
completed, primarily on the Gasco and Siltronic properties.  NWN has not conducted an investigation 
of NDL.  Additional discussion of the Gasco Site is presented in Appendix L. 

3.2.5 NL/Gould Site 
The NL/Gould property at 5919 NW 61st Avenue is located adjacent to the RP property, east of the HA 
and southeast of the NPA (NL/Gould Site).  The NL/Gould Site is approximately 1,000 feet from the 
River.  Portions of the NL/Gould Site were within the former Doane Lake boundary.  The Site was 
used for a secondary lead smelting and refining that included cable sweating, lead-acid battery 
recycling, lead oxide production, and zinc alloying operations from 1949 to 1981 (EPA, 1988).  
Hazardous materials and COIs on the NL/Gould Site include but are not limited to battery casings, 
PAHs, PCBs, PCDDs/PCDFs, VOCs, and metals including antimony, arsenic, beryllium, cadmium, 
chromium, copper, lead, tin, and zinc.  An estimated  86,900 tons of battery casings and 6,570,000 
gallons of battery acid were disposed of in East Doane Lake (DEQ, 2010a).  Impacted media include 
soil, groundwater, and former lake surface water and sediment.  A list of the COIs is provided in Table 
3-A. Additional discussion of NL/Gould Site activities is provided in Appendix L.  
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3.2.6 GS Roofing 
The GS Roofing property at 6340 N.W. Front Avenue is located east of the RP property at the 
southwestern corner of the Arkema Lot 4 property (GS Roofing Site).  The GS Roofing Site has been 
used for the manufacturing of roofing materials since at least the early 1920s.  In the 1940s, a paper 
mill was constructed at the site to manufacture paper felt underlayment for shingles.  The mill was 
dismantled in 1986 but the asphalt shingle manufacture continued.  The GS Roofing response to the 
EPA CERCLA 104(e) information request states that materials used as of 1984 included asphalt, 
crushed rock, fiberglass, talc, pigments, paper, limestone, gravels, solvents, oils, and fuel oils.  Based 
on operations and investigation results, COIs include BTEX, TCE, PCBs, PAHs, TPH, metals, and 
PCDDs/PCDFs.  Impacted media include soil, groundwater, stormwater, and sediment (FES, 2005).  
COIs associated with the property are presented in Table 3-A.  

The GS Roofing Site maintains two stormwater outfalls that discharge into Outfall 22A.  Investigations 
of soil and groundwater have been conducted at the GS Roofing property.  Additional discussion of 
the GS Roofing site is provided in Appendix L.  

3.2.7 Kinder Morgan/Willbridge Terminal 
The Willbridge Terminal is situated on the west bank of the River, with over 0.25 miles of River 
shoreline and includes three tank farms: (1) the Kinder Morgan Liquids Terminal LLC tank farm 
(Kinder Morgan/Willbridge Site); (2) the Chevron tank farm; and (3) the ConocoPhillips tank farm.  The 
entire Willbridge Terminal occupies an area of approximately 90 acres (KHM,2003).  The Kinder 
Morgan/Willbridge Site Willbridge Terminal address is 5880 NW St. Helens Road, the Chevron 
Willbridge Light Products Terminal address is 5531 NW Doane Avenue, and the ConocoPhillips 
Portland Terminal is at 5528 NW Doane Avenue.  This discussion focuses on the Kinder 
Morgan/Willbridge Site, which is situated adjacent to the RP property. 

The Kinder Morgan/Willbridge Site has been operating since 1914 and consists of a petroleum bulk 
storage distribution terminal with numerous ASTs.  Operations included management of a range of 
petroleum products, including diesel, gasoline, fuel oils, motor oil, greases, and lubrication oils (KHM, 
2003).  Additional materials managed on the Kinder Morgan/Willbridge Site have included Xylenes 
345 (a xylene petroleum solvent), Cyclosol 52 (an aliphatic glycol diether and an aliphatic glycol 
monoether), BT-66 (a naphtha heavy aromatic kerosene), ammonia, ethylene glycol, and 
dichlorodiphenyltrichloroethane (DDT) (KHM, 2003).  An asphalt plant was also located on the Kinder 
Morgan/Willbridge Site (Law Engineering, 1991).  Impacted media include soil, groundwater, surface 
water (River and Saltzman Creek), stormwater, and sediment (River and Saltzman Creek)   A list of 
COIs associated with the Kinder Morgan/Willbridge Site is provided in Table 3-A.  
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According to the Willbridge Terminal RI report (KHM, 2003), on-site disposal of tank sludge typically 
included spreading the material on the ground in front of the tank manholes.  In addition, insecticide 
“slop,” a mixture of DDT and carrier oil diesel, was buried at the Site (KHM, 2003).   

The Willbridge Terminal is being investigated under a Consent Order with DEQ that was signed in 
1994 by the various owners of the Terminal.  An RI has been completed.  A discussion of the Kinder 
Morgan/Willbridge Site, including investigation activities, is provided in Appendix L.  

3.2.8 Koppers, Inc. 
Koppers, Inc. (Koppers) currently leases a 6.4-acre portion of the Gasco site owned by NWN at 7540 
NW St. Helens Rd (Koppers Site).  Operations include the bulk storage of propane, acetylene, 
oxygen, gasoline, heavy creosote distillate, petroleum process oil, coal tar pitch, and nitrogen.  There 
are currently six active underground pipelines and five abandoned pipelines on the Koppers Site 
(Koppers, 2009).   

From 1913 to 1962, the Koppers Site was owned and operated as part of the Gasco Site by Pacific 
Gas and Coke Company (HAI, 2007a).  In 1965, NWN leased the Koppers Site to Beazer East, Inc. 
(Beazer).  In 1988, Koppers acquired certain assets from Beazer and continued Beazer’s lease with 
NWN and operation of the Site.  Former operations included distillation of coal tar into coal tar pitch, 
creosote, and chemical oil from 1966 to 1973, and the storage of coal tar pitch from 1974 to 1988.  
COIs identified at the Koppers Site include but are not limited to VOCs, SVOCs (including PAHs and 
phenols), metals, and petroleum hydrocarbons.  Potentially impacted media include soil, groundwater, 
surface water (Doane Creek, NDP, City Outfall 22C, and River), and sediment (Doane Creek, NDP, 
City Outfall 22C, and River).  A list of the COIs is presented in Table 3-A. 

Koppers reportedly generated 1,500 gallons of wastewater per day from the coal tar pitch distillation 
process.  For a period of time in 1966, sanitary and laboratory wastewater was discharged to onsite 
septic tanks that flowed into three leach pools.  Current wastewater associated with operations is 
limited to stormwater runoff from containment areas surrounding tanks and loading stations, and 
boiler water blow down.  From 1988 to 2008, treated waste water discharged through an outfall to 
Doane Creek, which discharges to the Willamette River through the City Outfall 22C storm sewer. 

Most of the property investigations on the Koppers' Site have been completed by NWN either as part 
of the DEQ Voluntary Cleanup Program work or the LWG Portland Harbor Upland Assessment for the 
Gasco Site.  Additional discussion of the Koppers Site is presented in Appendix L.  
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3.2.9 Schnitzer Investment Corporation/Air Liquide USA, LLC 
The Schnitzer/Air Liquide property at 6529 N.W. Front Avenue is located to the east of the RP 
property adjacent to N.W. Front Avenue and the Metro Central Transfer Station property 
(Schnitzer/Air Liquide Site).  The Site is owned by Schnitzer, but the southern portion of the property 
is leased to Air Liquide.  Portions of the Schnitzer/Air Liquide Site were within the former Doane Lake 
boundary.  Schnitzer built an acetylene manufacturing plant on the southern portion of the Site in 
1949 and leased the plant to Air Liquide in 1969.  The northern portion of the Site is currently vacant, 
but has historically been used for disposal of lime waste, auto fluff materials, and waste roofing 
materials (ALASG, 2009).  Much of this disposal occurred in former Doane Lake and later EDL (DEQ, 
2010e).  Hazardous substances associated with the Site include calcium hydroxide, lead, arsenic, 
mercury, chromium, barium, cadmium, selenium, silver, petroleum hydrocarbons, PCBs, and 
chlorinated solvents (DEQ, 2010e).  Impacted media include soil, groundwater, stormwater, and 
former lake surface water and sediment.  A list of the COIs associated with the Schnitzer/Air Liquide 
Site is provided in Table 3-A.  

Investigations conducted at the Schnitzer/Air Liquide Site have been limited in scope.  Additional 
discussion of the Schnitzer/Air Liquide Site is provided in Appendix L. 

3.2.10 Siltronic Corporation 
The Siltronic property at 7200 N.W. Front Avenue is located north of the RP property and the BNSF 
railroad embankment, just south of the Gasco property and adjacent to the River (Siltronic Site).  
Silicon wafer manufacturing and preparation has occurred on the Siltronic property since 1980.  The 
Siltronic Site previously received waste from Gasco operations (Section 3.2.4).  Waste water streams 
at the Siltronic Site include acids, bases, surfactants, suspended silicon solids, and organic 
components from polishing or cleaning solutions.  Releases occurred on the site, and COIs include 
nitric acid (HNO3), hydrofluoric acid (HF), sodium hydroxide (NaOH), sulfuric acid(H2SO4), sodium 
hypochlorite (NaOCl), sodium sulfide (Na2

The Siltronic Draft RI Report (MFA, 2007) identified two TCE/degradation plumes associated with 
Siltronic’s use of TCE.  Both TCE plumes extend to the River, with one source near a former UST 
system and the other related to a private stormwater outfall.   

S), hydrochloric acid (HCL), trichloroethene, ammonium 
hydroxide, silicon carbide, and glycol sludges (Table 3-A).  Impacted media include soil, groundwater, 
stormwater, non-stormwater, and surface water and sediment (River). 

Siltronic and Gasco were issued a joint order in 2000 requiring an investigation for PAHs and other 
hazardous substances at the Siltronic Site.  The investigation discovered TCE in the subsurface and 
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DEQ issued a second order to Siltronic to further investigate TCE.  Additional information on the 
current and former activities at the Siltronic Site is presented in Appendix L. 

3.2.11 Guilds Lake Pump Station, City 
The City Guilds Lake Pump Station property at 7110 N.W. Front Avenue is located north of the RP 
property along the southern embankment of the BNSF railroad line.  The property consists of 1.31 
acres of mostly vacant land, with the exception of the Guilds Lake Pump Station in the southwestern 
portion of the property.  The pump station was constructed in early 1967 (BES, 2009).   

According to the City of Portland Bureau of Environmental Services (BES), the Guilds Lake Pump 
Station receives sanitary sewer flow from the northwest border of the service area and the Yeon 
Pump Station.  The Guilds Lake Pump Station serves both commercial and residential clients (BES, 
2010).  The Guilds Lake Pump Station sends the sanitary flow across the River in the 20- to 30-inch 
force main, and can pump a maximum of 42 million gallons per day (BES, 2010). 

COIs specific to pump station operations have not been identified, other than sanitary waste from 
residential and industrial clients that could contain a wide range of constituents.  Arsenic, barium, 
cadmium, chromium, lead, mercury, Aroclor 1260, PCDDs/PCDFs, and PAHs were detected in storm 
sewer sediment that could have come from multiple sources including City sanitary overflow (AMEC, 
2008m).   

3.2.12 Highway 30/Urban Runoff 
Highway 30 (NW St. Helens Road) is the primary transportation corridor leading from northwest 
Portland toward the towns of St. Helens, Scappoose, and Astoria and is located upgradient of NDL 
and the RP property.  Contamination in runoff from the highway enters NDL, WDL, and the RP 
property.  Three culverts divert stormwater runoff from Highway 30 to the NDL area (AMEC, 2010s).  

PAHs are released in road runoff via vehicular exhaust, motor oil, tire wear, and asphalt/pavement 
wear (Murakami, 2005).  PAH loading from roadways at industrial sites is greater than that from 
residential sites (Hoffman, 1984). 

Sources of metals in urban runoff include the weathering of building siding, roof runoff, automobile 
brake and engine wear, tire wear, and motor oil (Davis, 2001).  

Particulate matter produced from roadways may deposit in nearby soils.  Lough (2005) studied 
particulate roadway emissions and found that several metals are included in such emissions, and that 
increased emissions were related to higher traffic volumes and fractions of heavy trucks.  In particular, 
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the air toxics antimony, lead, manganese, nickel, arsenic, cadmium, and chromium were present in 
the particulates studied.  Significant emissions of barium, zinc, and copper were also detected.   

Many other studies have shown that urban roadways are a source of metals.  Combustion of motor oil 
additives contribute calcium, magnesium, and sulfur, and wearing of engines, tires, and brakes 
contribute iron (Garg, 2000; Cadle, 1997).  Brake-wear emissions also contain significant amounts of 
barium, zinc, copper, antimony, and iron (Garg, 2000).  Antimony in particular has been suggested as 
a tracer for brake wear (Dietl, 1997).  Tire wear, along with tailpipe emissions of motor oil, are 
significant sources of zinc (Harrison, 1996; Cadle, 1997).  Lead may be emitted from several sources, 
including fuel and motor oil combustion, brake wear, and resuspension of enriched road dust (Garg, 
2000; Cadle, 1997; and Young, 2002). 

Since higher vehicular emissions are related to higher traffic volumes and fractions of heavy trucks 
(Lough, 2005), the PAH and metal load to the soils, surface water, and sediment that is in the vicinity 
of Highway 30 or receives runoff from Highway 30 is likely related to the amount of vehicular traffic on 
the road.   

Metals and PAHs are the primary COIs in urban road runoff (EPA, 1995a).  A list of COIs is presented 
in Table 3-A.   

3.2.13 Jinkz Gas Service Station 
The Jinkz Gas Service Station (also known as the former V & K Service station) at 6215 NW St. 
Helens Road is approximately 100 feet upgradient from the HA, directly across Highway 30 (Jinkz 
Site) (Figure 3-A).  Activities at the service station include fueling and automotive repair.  ARCO 
owned and operated the Site from the 1960s to 1984, and Star Leasing owned the Site from 1984 to 
1995.  New Delco Corporation, LLC purchased the Site in 1999 (DEQ, 2009e).  Potential hazardous 
materials and COIs include PAHs, TPH, diesel, heavy oil, gasoline, and BTEX.  Impacted media 
include soil, groundwater, and stormwater.    

An active leaking underground storage tank (LUST) record for this facility indicates that a petroleum 
release was discovered in 1989, and DEQ issued the facility LUST ID 26-89-0213.  DEQ records 
indicate an 8,000-gallon gasoline UST and an 8,000-gallon diesel UST currently located at the Jinkz 
facility.  DEQ has records of a complaint of improper disposal of used oil, antifreeze, and brake fluid 
into drains as well as leaking drums at the Jinkz facility (Environmental Cleanup Site Information 
[ECSI] #2423).  Due to the site’s former use as an automotive repair shop, waste likely included spent 
automotive fluids, solvents, and used motor oil.  A list of potential COIs is presented in Table 3-A.  
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Soil and groundwater contaminated with petroleum were discovered during the removal of several 
USTs.   

3.2.14 Kinder Morgan/Santa Fe Pacific Pump Station and Pipelines 
The Kinder Morgan/Santa Fe Pacific Pipeline pump station at 6565 NW St. Helens Road is located on 
the south side of Highway 30 to the west of the RP property (Figure 3-A).  The pump station is 
associated with a petroleum pipeline that runs beneath Highway 30 to the Willbridge terminal.  There 
have been confirmed releases of both gasoline and diesel fuel, with impacts to soil, groundwater, and 
to surface water and sediment at NDL (DEQ, 2010h).   

Investigations reported in the DEQ files are limited to the investigation of NDL media and City Outfall 
22C related to a diesel fuel release.  Site assessment has not been conducted, but potential COIs 
have been identified as SVOCs and petroleum hydrocarbons (Table 3-A).  Additionally, the Kinder 
Morgan/Santa Fe Pacific Pipeline releases could be a source of MTBE detected in deep groundwater 
beneath the Siltronic property and a source of TPH and related constituents to NDL.  The Kinder 
Morgan/Santa Fe Pacific Pipelines site is thought to connect to the River through a drainage ditch 
adjacent to the site which flows into NDL and discharges to the River through Outfall 22C (DEQ, 
2001a).  The DEQ ECSI database reports that sediments sampled in the River and Outfall 22C had 
concentrations of 2-methylnaphthalene, carbazole, LPAHs, HPAHs, 2,4-D, and 2,4-DB that exceeded 
baseline levels, and may be associated with the Kinder Morgan/Santa Fe Pacific Pipelines site (DEQ, 
2001a).  

3.2.15 Metro Central Transfer Station 
The Metro property at 6161 N.W. 61st

Identified COIs associated with historical operations on the Metro property are presented in Table 3-A 
and include but are not limited to TPH and inorganics/metals.  Impacted media include soil and 
groundwater.  Investigation of the Metro property has been limited.   

 Avenue is located east of the RP property adjacent to the IA 
and a portion of the HA (Metro Site) (Figure 3-A).  A portion of the Metro Site was within the former 
Doane Lake boundary.  The first documented operation on the Site was a Bethlehem Pacific Coast 
Steel Corporation warehouse, which existed on the property as early as 1924.  Gilmore Steel 
Corporation purchased the Site in 1948 and operated a steel distribution facility.  In 1980 the Site was 
transferred to American Steel.  Trans Industries purchased the Site from American Steel in 1989 and 
converted the warehouse into a solid waste transfer station for Metro (DEQ, 2010g).  The Metro 
Central Transfer Station opened in 1991 and accepts household and commercial wastes for sorting 
and transfer, as well as household hazardous wastes.   
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3.2.16 N.W. Front Avenue Utility Corridor 
A utility corridor is located along N.W. Front Avenue northeast of the RP property.  It  extends to the 
north beneath the BNSF railroad embankment and across the Siltronic Site (Figure 3-A).  The utility 
corridor runs cross-gradient to groundwater flow and contains sanitary, storm sewer, natural gas, 
petroleum (Olympic Pipeline), electrical, and fiber optic lines.  The storm sewer is associated with City 
Outfall 22B and is discussed further in Section 7.  

Releases from the Olympic petroleum pipeline were documented in the NW Natural responses to the 
EPA CERCLA 104(e) information request (NWN, 2008).  A release from the Olympic pipeline was 
found in the southwest corner of the Siltronic Site in 1979.  No sampling and analytical data are 
available.  In 1991, oil leaks were again discovered from the Olympic pipeline in the area (NWN, 
2008).  VOCs, metals, herbicides, pesticides, chlorinated phenols, PAHs, diesel, and PCDDs/PCDFs 
are compounds detected within the 22B storm pipe and outfall.  COIs potentially associated with the 
utility corridor are presented in Table 3-A.  Human wastes may be present within the sanitary line. 

3.2.17 Shell Oil Pipeline 
The Shell Oil Pipeline is a 4-inch metal pipe that extends across the HA at the RP property.  It is not 
known if the pipe is currently in use, and it was unable to be located until the 2005 Lake Area Intrusive 
Investigation (AMEC, 2006c).  The Shell Oil Company petroleum transfer line is associated with a 
utility easement valid for 50 years from 1915 (AMEC, 2003d), indicating that the Shell Oil Company 
transfer line may originally have been installed as early as 1915.  No information regarding the type of 
petroleum transferred along this pipeline is available.  

According to historical Sanborn maps provided by Cable Huston Benedict Haagensen & Lloyd, LLP, a 
Shell Oil petroleum pipeline exists beneath the HA of the RP property and under the BNSF railroad 
tracks just south of the RP WTP.  One of the maps is dated December 18, 1996; the other two maps 
are undated (AMEC, 2003d) but appear to be from 1996 as well.  On the three historical maps, a Shell 
Oil petroleum transfer pipeline and easement is located on the northeastern portion of the RP facility, 
extending along the eastern property boundary and then extending west across the HA.  Potential 
leaks in the pipeline would release petroleum-related compounds to the RP property soil and 
groundwater.  A list of potential COIs is presented in Table 3-A.  

3.2.18 Superior Performance 
Superior Performance is located at 6834 NW St. Helens Road (Highway 30), near NDL next to the 
BNSF railroad embankment, and northwest of the RP property.  The shop is approximately 300 feet 
from NDL and 2,500 feet from the River.  This facility is an automotive repair and paint shop.  
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According to the company website, Superior Performance has operated at its current location since 
1996 (Superior Performance, 2010).   

Operations include collision repair, restoration, and custom paint jobs of private and commercial 
vehicles, based on information obtained from the company’s website.  Chemical products commonly 
associated with auto repair shops include solvents, degreasers, motor oil, gasoline, diesel, brake fluid, 
coolant, antifreeze, and other automotive fluids.  Chemical products commonly associated with auto 
paint shops include paints, primers, paint strippers, and thinners such as mineral spirits or solvents.  
(PPRC, 2010a and 2010b). 

The Superior Performance Site has not been investigated by DEQ.  Organic liquid containers have 
been observed near the shop.  Exhaust fans on the north side of the shop emit odors of organic 
vapor, which are detectable at NDP.  Diesel, BTEX, metals, and VOCs including chlorinated solvents 
are likely COIs for Superior Performance based on typical auto repair operations.  Stormwater from 
this property likely flows into NDL, based on recent stormwater reconnaissance.   

No COIs have been identified for this facility due to the lack of investigation and absence of testing of 
environmental media.   

3.2.19 Willamette River Dredge Materials 
The River is located approximately 2,000 feet to the northeast of the RP property.  The River makes 
up the northeastern-most boundaries of the Arkema, Siltronic, and Gasco properties, all of which are 
in the vicinity of the RP property.  Industrial operations within and upstream of the Portland Harbor 
area over most of the 20th

Dredging within the River began in 1867.  The United States Army Corps of Engineers (USACE) 
continues to regularly dredge the River to maintain a water depth of 40 feet within the main navigation 
channel.  Dredge spoils were used as fill material at properties in the RP vicinity, including at the 
Siltronic, Gasco, NL/Gould, BNSF and Arkema properties (MFA, 2007; HAI, 2007a; AGI, 1995; 
Nelson, 1924; and ERM, 2005).  Dredge spoils were also used on the BNSF property during the 
construction of the main railroad embankment (Nelson, 1924).  Potential chemicals of concern 
associated with dredge materials include VOCs, SVOCs, herbicides, insecticides, PCDDs/PCDFs, 
PCBs, TPH, and inorganics/metals.  A list of COIs is provided in Table 3-A.    

 century have impacted the River with a wide variety of constituents (LWG, 
2009). 
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4.0 SUMMARY OF INVESTIGATION ACTIVITIES  

This section summarizes investigations of soil, groundwater, surface water, sediment, stormwater and 
non-stormwater, and biota by medium.  Soil and groundwater characterizations are sub-grouped as 
pre-RI Work Plan (RI WP) (prior to 1999) and post-RI WP (1999 to the present).  A brief summary of 
the pre-1999 data set is provided because these soil and groundwater data were presented in the RI 
WP (E&E, 1999).  The date, document title, and work focus for each RI activity is summarized in 
Tables 4-A (pre-RI WP activities) and 4-B (post-RI activities). 

Interpretation of the analytical results is presented in Section 8 (Chemical Nature and Extent/Fate and 
Transport), Section 11 (Data Completeness Evaluation), and Section 16 (JSCS Pathway Screening 
for Source Control Evaluation).   

4.1 SOILS 

Soil characterization activities are summarized in this section.  The areas included are the RP 
property, portions of BNSF property adjacent to the RP property, the HDD, and the multi-source 
former Doane Lake area.   

Other off-property soil data collected (for example, near the Riverbank) are included in soil data tables 
and figures, but are not within RP source areas.  Soil data are excluded where soils were removed 
and no longer exist and where data validation determined that the results were not reliable.  Soil data 
in the RP project database are included in Table C-1 in Appendix C. 

Soils were investigated to evaluate potential sources, and the nature, extent, fate, and transport of 
constituents detected.  They were also used for the HHRA and to provide information that could be 
used for potential remedial measures and their feasibility, as needed.  The nature and extent of 
constituents in soil related to former RP operations and other parties is discussed in Section 8.  The 
data set completeness evaluation is provided in Section 11. 

4.1.1 Pre - RI Work Plan Soil Characterization 
Soil investigations at the RP property began in 1981.  The RI WP (E&E, 1999) included evaluation of 
soil results collected through 1998.  A total of 528 soil samples were collected between 1981 and 
1998, producing a total of 35,064 analytical results. 

Table 4-A provides a summary of pre-RI WP investigation activities referenced in Section 2.6 of the RI 
WP (E&E, 1999).  Soil analytical results from pre-RI WP activities are provided in Table C-1 in 
Appendix C.  
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4.1.2 Post – RI Work Plan Soil Characterization  
Post-RI WP reports that include soil characterization activities between 1999 and 2009 are 
summarized on Table 4-B and include those listed below.  Soil analytical results are included in Table 
C-1 in Appendix C.   

4.1.2.1 Stage 1 Source Area Investigations of the HA, IA, and NPA (AMEC, 2001q and 
2003d) 

The Second Draft Comprehensive Source Area Soils Evaluation Technical Memorandum (AMEC, 
2001q) presented the results of Stage 1 Source Area soil sampling.  One hundred soil samples were 
collected from 46 soil borings on the RP property (Figure 4-B) during Stage 1 sampling.  Ninety-four 
samples were analyzed for the analytical classes and methods listed in Table 4-C.   

4.1.2.2 Stage 2 Source Area Investigations of the HA, IA, and NPA (AMEC, 2002l and 
2003d) 

The Final Source Area Soils Characterization Report (SCR) (AMEC, 2003d) presents analytical 
results from soil samples collected during the Stage 2 Source Area soil sampling event conducted in 
2001.  Ninety-eight soil samples were collected from 38 soil borings on the RP property (Figure 4-A).  
The samples were analyzed for the analytical classes and methods listed in Table 4-C. 

4.1.2.3 NPA Geophysical Surveys and Intrusive Investigations (AMEC, 2004y, 2006c, 
2007d, 2008e, and 2009j) 

Several geophysical surveys and intrusive investigations were conducted in the Northwest Property 
Area between 1992 and 2008.  These activities investigated the presence of drum debris in 
subsurface fill material of the Northwest Property Area, a Shell Oil petroleum pipeline that was 
reported beneath the HA and BNSF railroad tracks south of the water treatment plant, and removed 
debris where identified (Figure 4-C).  The investigations used electromagnetic surveys, ground 
penetrating radar, test pits, and soil sampling.  A summary of investigation results is provided on 
Table C-2 in Appendix C. 

Soil samples were collected during the intrusive investigation and after debris removal.  Samples were 
analyzed for the analytical classes and methods listed in Table 4-C.  The analytical results for these 
soil samples are provided in Table C-1 of Appendix C. 

Approximately 504.6 tons of debris and incinerable waste were excavated and disposed off-site.  The 
majority of debris consisted of crushed, empty, steel drums or containers of varying sizes (from 1 
gallon to 55 gallons nominal capacity).   
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4.1.2.4 Remaining Remedial Investigation (RRI; AMEC, 2003c) 

The RRI Technical Memorandum (TM) describes field activities conducted in 2002 that included site 
reconnaissance, WDL sediment sampling, NDP and WDL surface water investigations, HDD soil 
investigation, and the City Outfall 22B discharge water and seepage meter water investigation 
(AMEC, 2003c).  

Soil sampling locations are provided on Figures 4-A and 4-B.  The soil samples were submitted for 
laboratory analysis as indicated on Table 4-C.  Analytical results are provided in Table C-1 in 
Appendix C. 

4.1.2.5 HDD and LADD Investigation (AMEC, 2008r and 2009oo) 

The HDD/LADD investigation (AMEC, 2009oo) was conducted in October 2004.  Soil samples were 
collected from the LADD and in and adjacent to the HDD as shown on Figures 4-A and 4-B.  The 
HDD and LADD soil samples were submitted for laboratory analysis as indicated on Table 4-C.  
Analytical results are provided in Table C-1 in Appendix C. 

4.1.2.6 Lake Area Hydrologic Investigation (LAHI) Study Area (AMEC, 2007f) 

The LAHI (AMEC, 2007f) was conducted in 2006.  Field activities included the installation and 
development of 20 groundwater monitoring wells, and collection of lithologic data, water level 
measurements, and analysis of soil and groundwater samples.  Monitoring well locations are included 
on Figure 4-D, and soil sampling locations are shown on Figures 4-A and 4-B.  Twenty-two soil 
samples were submitted for laboratory analysis as indicated in Table 4-C.  The analytical results for 
the LAHI soil sampling are provided in Table C-1 in Appendix C.   

4.1.2.7 Stage 1 SCE Siltronic Riverbank and Arkema Lots 1 and 2 Study Areas (AMEC, 
2006o) 

The Stage 1 SCE TM (AMEC, 2006o) presents the results of field work conducted in 2005 on Arkema 
Lots 1 and 2 and the Siltronic Riverbank.  Investigative activities included the collection of soil and 
groundwater samples and additional geologic information used for refinement of the CSM.   

Four reconnaissance boring locations within the Siltronic Riverbank and nine reconnaissance boring 
locations within Arkema Lots 1 and 2 are presented on Figure 4-A.  Seven soil samples were 
submitted for laboratory analysis as indicated on Table 4-C.  The results of the Siltronic Riverbank 
and Arkema Lots 1 and 2 samples are presented in Table C-1 in Appendix C.   



 

AMEC Earth & Environmental, Inc. 
Project No.:  0-61M-107030/Phase 0104/T6 25 
K:\10000\10700\10703\0100 RI-FS-ROD\0104 RI Report\Draft RI\RI-SCE Report.Docx 

4.1.2.8 Stage 1 SCE Beach Area Investigation (AMEC, 2009bb) 

The Stage 1 SCE Beach Area TM (AMEC, 2009bb) presents the results of field work conducted in 
2007.  Twenty-six reconnaissance borings within the Beach Area were advanced and boring locations 
are presented on Figure 4-A.  Six soil samples were submitted for analysis as indicated on Table 4-C.  
The soil results are presented in Table C-1 in Appendix C.   

4.1.2.9 Stage 2 SCE Siltronic and BNSF Study Areas (AMEC, 2007n) 

The Stage 2 SCE TM (AMEC, 2007n) presents the results of field work conducted in 2006 on the 
Siltronic and BNSF properties.  Soil samples were collected from the anticipated screened interval 
from five new monitoring wells, and from monitoring wells where manufactured gas plant (MGP) 
waste impact was observed during drilling activities.   

Samples collected during the Stage 2 SCE monitoring well installations were submitted for laboratory 
analysis as outlined in Table 4-C.  The soil analytical results for the Stage 2 SCE monitoring well 
installation activities are provided in Table C-1 of Appendix C. Sampling locations are provided on 
Figure 4-A. 

4.1.2.10 Lake Area Bioremediation and Persulfate Pilot Studies (AMEC, 2006b, 2007g, 
2007m, 2007x, and 2008t) 

The Lake Area Persulfate Pilot Study TM (AMEC, 2008t) describes the NPA Pilot Study system 
installation, hydrogeologic evaluation, biosparging, hydrogen peroxide injection, and sodium 
persulfate in-situ chemical oxidation (ISCO).  The study evaluated potential in-situ remedies to 
address target constituents in groundwater in the Alluvial-Colluvial Gravel and CRBG. 

Pilot study activities were completed in 2006 through 2008.  Soil samples were submitted for 
laboratory analysis as outlined on Table 4-C.  The soil analytical results for the pilot study-related 
activities are provided in Table C-1 of Appendix C.  Sampling locations are provided on Figure 4-B. 

4.1.2.11 Initial Pumping Tests in Support of the North Front Avenue Interim Source 
Control Measure (NFA ISCM) (AMEC, 2008i and 2009d) 

Pumping test results were presented in the Deep Gravel Hydrogeologic Zone Pumping Test TM 
(AMEC, 2009d).  The initial pumping tests were completed during 2008, and the scope of work 
included collection of soil samples from the extraction and performance monitoring wells.  Soil 
samples were submitted for laboratory analysis as indicated on Table 4-C.  Analytical results are 
provided in Table C-1 in Appendix C. Sampling locations are provided on Figure 4-A.  
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4.1.2.12 NFA ISCM Extended Pumping Test (EPT) and 2009 Groundwater Monitoring 
Event and Well Installation (AMEC, 2009u, 2009rr, and 2010c) 

Thirteen monitoring wells were installed and developed on the RP, City, Siltronic, ESCO, and Arkema 
properties in 2009 and 2010.  Eleven soil samples were collected from the monitoring well borings 
and were submitted for laboratory analysis as indicated in Table 4-C.  The results for these soil 
samples are presented in Table C-1 of Appendix C, and the sample locations are presented in Figure 
4-A. 

4.2 GROUNDWATER AND HYDROGEOLOGIC INVESTIGATIONS 

This section describes the groundwater characterization activities and investigations for the RP 
property.  Activities included collection and analysis of groundwater samples from temporary borings, 
piezometers, monitoring and extraction wells, and collection of data in support of the hydrogeologic 
CSM.  Groundwater was investigated to evaluate potential sources and the nature, extent, fate, and 
transport of constituents detected.  They were also used for the CSM, for the HHRA and ERA, and to 
provide information that could be used for potential remedial measures and their feasibility as needed.   

Groundwater investigations have been completed for the RI/SCE on the RP property and adjacent 
properties including Siltronic, BNSF, Arkema, City, ESCO, NL/Gould, Metro, Schnitzer, and Kinder 
Morgan/Willbridge.  The following sections summarize these activities Pre- and Post-RI WP. 

4.2.1 Pre - RI Work Plan Groundwater and Hydrogeologic Investigations 
Groundwater investigations at the RP property began in 1980.  The RI WP (E&E, 1999) included 
evaluation of groundwater results through 1999.  A total of 502 groundwater samples were collected 
between 1980 and 1998, producing a total of 33,028 analytical results. 

Table 4-A provides a summary of pre-RI Work Plan investigation activities referenced in Section 2.6 of 
the RI WP (E&E, 1999).  Analytical results of groundwater data collected during these activities are 
presented in Appendix C Table C-3.  

4.2.2 Post – RI Work Plan Groundwater and Hydrogeologic Investigations 
This section summarizes post-RI WP groundwater and hydrogeologic investigations conducted 
between 2000 and 2010 that generated data to support the RI and SCE.  Investigations are divided 
into reconnaissance groundwater events, groundwater monitoring events, hydrogeologic 
investigations, and pilot studies. 



 

AMEC Earth & Environmental, Inc. 
Project No.:  0-61M-107030/Phase 0104/T6 27 
K:\10000\10700\10703\0100 RI-FS-ROD\0104 RI Report\Draft RI\RI-SCE Report.Docx 

The dates, document titles, and work focus of each post-RIWP RI activity are summarized in Table 4-
B.  Analytical results from the reconnaissance groundwater events are provided in Appendix C, Table 
Set C-2, and groundwater monitoring events are provided in Appendix C, Table Set C-3.  Data from 
the hydrogeologic investigations in support of Section 6 CSM are summarized in Appendix E.  
Reconnaissance and groundwater monitoring locations are provided on Figures 4-E and 4-D.  The 
groundwater analytical results for the pilot studies are provided in Appendix C, Table Set C-3. 

4.2.2.1 Reconnaissance Groundwater Events 

The Remaining RI TM Addendum, North Doane Lake Investigation (AMEC, 2004m) presents the 
validated groundwater analytical results from this event, including a comparison of planned versus 
actual sampling activities, field measurements and observations, and groundwater analytical tables.  
Included in this field event was sediment sampling that took place prior to the groundwater sampling.   

NDL and NDP Groundwater Sampling (AMEC, 2004m) 

Groundwater samples were collected from seven locations at NDL and one location at the NDP.  
Samples collected during the NDL and NDP groundwater monitoring event were submitted for 
laboratory analysis as outlined on Table 4-C.  The validated groundwater analytical results for the 
NDL and NDP sampling are provided in Table Set C-2 of Appendix C.  Sampling locations are 
provided on Figure 4-E. 

The Stage 1 SCE TM (AMEC, 2006o) presents reconnaissance groundwater sampling analytical data 
from samples collected on Arkema Lots 1 and 2 and the Siltronic Riverbank in 2005.  Analytical data 
were used to evaluate both vertical and lateral distribution of constituents and help differentiate 
constituent sources.  Twenty-eight groundwater samples from Arkema Lots 1 and 2 and 25 
groundwater samples from the Siltronic Riverbank area were submitted for analysis as outlined in 
Table 4-C.  The groundwater analytical results for the Stage 1 SCE reconnaissance event are 
provided in Table Set C-2 of Appendix C.  Sampling locations are provided on Figure 4-E.  

Stage 1 SCE; Siltronic Riverbank and Arkema Lots 1 and 2 (AMEC, 2006o) 

The Stage 1 SCE Beach Area Investigation TM (AMEC, 2009bb) presents reconnaissance 
groundwater sampling analytical data from samples collected on Arkema and BNSF properties in 
2007.   

Stage 1 SCE Beach Area Investigation (AMEC, 2009bb) 

Groundwater analytical data were used to evaluate both vertical and lateral distribution of constituents 
and help differentiate constituent sources within the Beach Area.  Forty-four reconnaissance 
groundwater samples from the Beach Area were submitted for analysis as outlined on Table 4-C.  The 
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groundwater analytical results for the Stage 1 SCE Beach Area reconnaissance event are provided in 
Table C-2 of Appendix C. Sampling locations are provided on Figure 4-E. 

The Third and Fourth Quarter 2009 Progress Reports for the Extended Pumping Test (AMEC, 2009pp 
and 2010c) presents the preliminary unvalidated VOC analytical results for the reconnaissance 
groundwater samples within the CRBG and collected at borings drilled during installation of monitoring 
wells for use in the EPT.  

EPT in Support of the NFA ISCM (AMEC, 2009pp and 2010c) 

Groundwater analytical data were collected on Siltronic, ESCO, and City properties in 2009.  The 
groundwater analytical results for the EPT monitoring well installation reconnaissance samples are 
provided in Table C-2 of Appendix C.  Sampling locations are provided on Figure 4-E. 

4.2.2.2 Groundwater Monitoring Events 

The Final Spring and Fall 2000 Groundwater Data and Evaluation Report (AMEC, 2001p) presents 
the validated groundwater analytical results, constituent distribution maps, and water level 
measurements for the spring and fall 2000 sampling events.   

Spring and Fall 2000 Groundwater Monitoring Events (AMEC, 2001p, 2002z, and 2003f) 

Groundwater samples were collected at 89 monitoring wells, and water levels were measured at 128 
monitoring wells and 2 staff gauges.  Samples were submitted for laboratory analysis as outlined in 
Table 4-C.  The groundwater analytical results for spring and fall 2000 are presented in Table C-3 of 
Appendix C.  Sampling locations are provided on Figure 4-D. 

The Focused Spring 2001 Groundwater Characterization Event Groundwater Monitoring Report 
(AMEC, 2001s) presents the validated groundwater analytical results, a comparison of planned versus 
actual sampling activities, groundwater physical parameters, and groundwater elevation data.   

Focused Spring 2001 Groundwater Monitoring Event (AMEC, 2001s and 2003f) 

Groundwater samples were collected at 55 monitoring wells, and water levels were measured at 120 
monitoring wells and 2 staff gauges.  Samples were submitted for laboratory analysis as outlined in 
Table 4-C.  The groundwater analytical results for the spring 2001 event are provided in Table C-3 of 
Appendix C.  Sampling locations are provided on Figure 4-D. 
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The Focused Spring 2002 Groundwater Characterization Event Groundwater Monitoring Report 
(AMEC, 2002s) summarizes and presents validated groundwater analytical results from this event, 
including a comparison of planned versus actual sampling activities, groundwater physical 
parameters, groundwater and surface water elevation data, and validated groundwater analytical 
tables.   

Focused Spring 2002 Groundwater Monitoring Event (AMEC, 2002s, 2002z, and 2003f) 

Groundwater samples were collected from 61 monitoring wells, and water levels were measured at 
123 monitoring wells and 2 staff gauges.  Samples were submitted for laboratory analysis as outlined 
in Table 4-C.  The groundwater analytical results for the spring 2002 groundwater monitoring event 
are provided in Table Set C-3 of Appendix C.  Sampling locations are provided on Figure 4-D. 

The Spring 2004 Post-Characterization Groundwater TM (AMEC, 2004x) summarizes this event and 
presents tables with a comparison of planned versus actual sampling activities, groundwater physical 
parameters, groundwater and surface water elevation data, and validated groundwater analytical 
results.   

Spring 2004 Post-Characterization Groundwater Event (AMEC, 2004x) 

Groundwater samples were collected from 33 monitoring wells, and water levels were measured at 
122 monitoring wells and 2 staff gauges.  Samples were submitted for laboratory analysis as outlined 
on Table 4-C.  The groundwater analytical results for the spring 2004 groundwater monitoring event 
are provided in Table Set C-3 of Appendix C.  Sampling locations are provided on Figure 4-D. 

The Spring 2005 Post-Characterization Event TM (AMEC, 2005hh) summarizes this event and 
presents tables comparing the planned versus actual sampling activities, groundwater and surface 
water elevation data, groundwater physical parameters, and validated groundwater analytical results.   

Spring 2005 Post-Characterization Groundwater Event (AMEC, 2005hh) 

Groundwater samples were collected from 33 monitoring wells and water levels were measured at 
122 monitoring wells and 2 staff gauges.  Samples were submitted for laboratory analysis as outlined 
on Table 4-C.  The groundwater analytical results for the spring 2005 groundwater monitoring event 
are provided in Table Set C-3 of Appendix C.  Sampling locations are provided on Figure 4-D. 

The Winter 2006 Groundwater Data Submittal (AMEC, 2006v) presents the validated groundwater 
analytical results and a comparison of planned versus actual sampling activities.   

Winter 2006 Groundwater Monitoring Event (AMEC, 2006v) 
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Groundwater samples were collected at 33 locations at the RP property and adjacent properties.  
Samples were submitted for laboratory analysis as outlined on Table 4-C.  The groundwater analytical 
results for the winter 2006 groundwater monitoring event are provided in Table Set C-3 of Appendix 
C.  Sampling locations are provided on Figure 4-D. 

The LAHI TM (AMEC, 2007f) presents the results from soil sampling, monitoring well installation, and 
development, and groundwater sampling conducted in 2006.  The TM included tables summarizing 
planned versus actual sampling activities, well screen installation depths, and validated soil and 
groundwater analytical results.   

LAHI Groundwater Monitoring Event (AMEC, 2007f) 

Sampling was conducted at all 20 installed groundwater monitoring wells at two times in 2006.  
Samples were submitted for laboratory analysis as outlined on Table 4-C.  The groundwater analytical 
results for the LAHI are provided in Table Set C-3 of Appendix C. Sampling locations are provided on 
Figure 4-D. 

The Summer 2006 Groundwater Data Submittal (AMEC, 2007l) presents the validated groundwater 
analytical results and a comparison of planned versus actual sampling activities.   

Summer 2006 Groundwater Monitoring Event (AMEC, 2007l) 

Groundwater samples were collected at 64 locations at the RP property and adjacent properties.  
Samples were submitted for laboratory analysis as outlined on Table 4-C.  The groundwater analytical 
results for the summer 2006 groundwater monitoring event are provided in Table Set C-3 of Appendix 
C.  Sampling locations are provided on Figure 4-D. 

The Spring 2007 Groundwater Data Submittal (AMEC, 2008b) presents the validated groundwater 
analytical results, a comparison of planned versus actual sampling activities, groundwater physical 
parameters, and groundwater elevation data.  Analytical results provided in the data submittal include 
results from the Environmental Resources Management (ERM) sample collection from StarLink- 
owned wells located on the Arkema property. 

Spring 2007 Groundwater Monitoring Event (AMEC, 2008b) 

Groundwater samples were collected at 81 monitoring wells.  In addition to groundwater samples, 
water level measurements were taken at all StarLink-owned wells in the RP monitoring well network 
as part of the May 2007 cooperative water level event.  Water levels were also taken by surrounding 
property owners at Siltronic, Gasco, ESCO, Arkema, Air Liquide, Metro, GS Roofing and Kinder 
Morgan/Willbridge.  Samples were submitted for laboratory analysis as outlined on Table 4-C.  The 
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groundwater analytical results for the spring 2007 groundwater monitoring event are provided in Table 
Set C-3 of Appendix C.  Sampling locations are provided on Figure 4-D. 

The Stage 1 SCE TM (AMEC, 2006o) presents lithologic data, soil sampling, reconnaissance 
groundwater sampling, monitoring well installation and development, and groundwater sampling on 
Arkema Lots 1 and 2 and the Siltronic Riverbank.  The Stage 1 SCE activities were completed in 
2005.   

Stage 1 SCE; Siltronic Riverbank and Arkema Lots 1 and 2 (AMEC, 2006o) 

Groundwater samples were collected at 81 monitoring wells.  Samples were submitted for laboratory 
analysis as outlined on Table 4-C.  The groundwater analytical results for the Stage 1 SCE are 
provided in Table Set C-3 of Appendix C.  Sampling locations are provided on Figure 4-D. 

The Stage 2 SCE TM (AMEC, 2007n) presents lithologic and laboratory analytical data collected 
during monitoring well installation, and soil and groundwater sampling on Siltronic and BNSF 
properties.  The Stage 2 SCE activities were completed in 2006.   

Stage 2 SCE; Siltronic and BNSF (AMEC, 2007n) 

Groundwater samples were collected at 72 monitoring wells.  Samples were submitted for laboratory 
analysis as outlined on Table 4-C.  The groundwater analytical results for the Stage 2 SCE are 
provided in Table Set C-3 of Appendix C.  Sampling locations are provided on Figure 4-D. 

Thirteen monitoring wells were installed and developed on the RP, City, Siltronic, ESCO, and Arkema 
properties between May 2009 and January 2010 in support of the North Front Avenue Extended 
Pumping Test (AMEC, 2009d, 2009ff, and 2009pp) and 2009 Groundwater Monitoring Event and 
Monitoring Well Installation (2009ff and 2009pp).  Groundwater samples were collected from 149 
monitoring wells and submitted for laboratory analysis as outlined on Table 4-C.  The results for the 
groundwater samples are presented in Table Set C-3 of Appendix C, and the sample locations are 
presented in Figure 4-D. 

2009 Groundwater Monitoring Event (AMEC, 2009d, 2009ff, 2009pp, and 2010c) 

4.2.2.3 Hydrogeologic Investigations 

Hydrogeologic investigations include water level data collected as part of the groundwater monitoring 
investigations described above.  Water level data are included in Table Set D-5 in Appendix D. 
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The Fall 2001 Groundwater Monitoring Report (AMEC, 2002b) summarized the results of groundwater 
monitoring activities conducted in November 2001.  Groundwater elevations were collected from 118 
monitoring wells and 2 staff gauges on November 14 and 15, 2001.  This event was limited because 
of unusually low water levels during the Focused Spring 2001 Groundwater Characterization event 
(AMEC, 2001s). 

Fall 2001 Groundwater Monitoring Event (AMEC, 2002b, 2002z, and 2003f) 

The GTE TM (AMEC, 2002z) describes the tasks that provided additional information to complete the 
hydrogeologic CSM and numerical groundwater flow and constituent transport modeling.   

Groundwater Transport Evaluation (GTE; AMEC, 2002z and 2005g) 

Pumping tests were completed at three wells on two properties in March 2002.  Results from the 
pumping tests are tabulated in Appendix D. 

Initial pumping test results were presented in the Deep Gravel Hydrogeologic Zone Pumping Test TM 
(AMEC, 2009d).  The initial pumping tests were completed during summer 2008.  

Initial Pumping Tests in Support of the NFA ISCM (AMEC, 2008i and 2009d) 

The newly installed extraction wells, performance monitoring wells, and select existing RP monitoring 
wells were sampled as part of the initial pumping tests.  Groundwater samples were submitted for 
laboratory analysis as indicated on Table 4-C.  Hydrogeologic results from this program are tabulated 
in Appendix E and validated analytical results are provided in Table Set C-3 in Appendix C. Sampling 
locations are provided on Figure 4-D.  

The Transducer Study and Slug Tests TM (AMEC, 2009ee) presents results of the transducer study 
and slug tests conducted on the RP property and vicinity between March 2007 and September 2008. 

Transducer Study and Slug Tests in Support of the NFA ISCM (AMEC, 2009ee) 

Groundwater elevations were converted from pressure transducer data.  The pressure transducers 
were installed in 17 monitoring wells within the Artificial Fill, Fine-Grained Alluvium, Alluvial-Colluvial 
Gravel, and CRBG, and water levels were measured over 12 months.  Estimates of hydraulic 
conductivity were calculated from hydraulic slug tests performed in 28 monitoring wells.   

Results from this investigation are summarized in Section 6 and tabulated in Appendix D. 
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The EPT WP (AMEC, 2009d) described the extended pumping of three extraction wells at the NFA 
ISCM location for determining full-scale system design and effectiveness.  The EPT began in April 
2010 and terminated in August 2010; pumping test results from the EPT have been incorporated into 
the Section 6 Hydrogeologic CSM and are reported in the Quarterly Progress Reports for the EPT.   

EPT in Support of the NFA ISCM (AMEC, 2009d, 2009ff, and 2009pp) 

4.2.2.4 Pilot Studies 

The Lake Area Persulfate Pilot Study TM (AMEC, 2008t) describes the Pilot Study system installation, 
hydrogeologic evaluation, biosparging, hydrogen peroxide injection, and sodium persulfate ISCO.  
The study evaluated potential in-situ remedies to address target constituents in groundwater in the 
Alluvial-Colluvial Gravel and CRBG.  Groundwater samples for both events were submitted for 
laboratory analysis as outline on Table 4-C.  The groundwater analytical results for the NPA 
bioremediation and persulfate pilot studies analytical results are provided in Table Set C-3 of 
Appendix C.  Sampling locations are provided on Figure 4-D.  

Lake Area Bioremediation and Persulfate Pilot Studies (AMEC, 2006b, 2007g, 2007m, 2007x, 
and 2008t) 

4.3 NON-AQUEOUS PHASE LIQUIDS 

This section summarizes NAPL characterization activities for the RP property conducted between 
1988 and 2009.  Investigations include the following: 

4.3.1 Phase II Remedial Investigation (EMCON, 1993); 
The Phase II Remedial Investigation Quarterly Progress Report No. 2 (EMCON, 1993) summarizes 
historical observations of NAPL on the RP property and presents the results from investigations 
supporting the Phase II Remedial Investigation.   

4.3.2 Lake Area LNAPL Delineation (Woodward-Clyde Consultants [WCC], 1994b) 
Seven exploratory soil borings were completed in August 1994 to assess the distribution of battery 
casings and LNAPL in the NPA portion of former Doane Lake located north of the RP WTP (WCC, 
1994b).   

4.3.3 Installation of Additional Lake Area AL- and BST-series NAPL Characterization 
Wells (WCC, 1994a, 1994c, 1994d, and 1995a) 

Installation of two monitoring well clusters in the NPA portion of former Doane Lake and one on the 
NL/Gould property were proposed in the May 1994 Final WP to Complete RI/FS (WCC, 1994a).  
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Three Fine-Grained Alluvium wells and one CRBG well were planned for each cluster, and these 
wells were installed.   

4.3.4 MOD #10, NAPL Investigation (WCC, 1998) 
Seventeen direct-push borings were advanced in the HA and NPA portion of former Doane Lake 
during January through March 1998 (WCC, 1998).   

4.3.5 NAPL Evaluation (AMEC, 2003v, 2004u, and 2005e) 
The NAPL Evaluation (AMEC, 2004u) consisted of regularly-scheduled NAPL monitoring of wells and 
direct-push borings.  The 16 samples were submitted for laboratory analysis as indicated on Table 4-
C.   

Analytical results are provided in Table C-3 of Appendix C, and analytical results for soil are 
presented in Table C-1 of Appendix C. 

4.3.6 Groundwater Monitoring Events (various; see Section 4.2) 
NAPL observations made during groundwater monitoring events were described in the applicable 
reports identified in Section 4.2.  Groundwater analytical results are provided in Table C-3 in Appendix 
C, observations are provided in Table 8-B (Section 8.0), and observation locations are provided on 
Figure 8-B. 

4.3.7 West Doane Lake Sediment Investigations (various; see Section 4.5) 
NAPL observations made during WDL sediment investigations were described in the applicable 
reports identified in Section 4.5.  Analytical results are provided in Table C-7 and locations are 
provided on Figure 8-A. 

4.4 SURFACE WATER 

This section describes RI surface water characterization activities and investigations at NDL, former 
WDL, and NDP. 

4.4.1 Phase II RI (EMCON, 1993) 
The Phase II RI Quarterly Progress Report, No.2 (EMCON, 1993) describes investigation activities in 
1993.  Four surface water samples were collected from WDL and sampling locations are shown on 
Figure 4-G.  Surface water samples were submitted for laboratory analysis as outlined on Table 4-C.  
Validated analytical results are provided in Table Set C-5 in Appendix C.  
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4.4.2 1997 NDL Surface Water Sampling (WCC, 1995b, and 1997b) 
Surface water level measurements and sampling activities were conducted by Woodward-Clyde 
Consultants (WCC) and reported in the Monthly Progress Report May 1995 (WCC, 1995b) and 
Quarterly Progress Report 2nd Quarter 1997 (WCC, 1997b).   

One surface water sample and a duplicate sample were collected from NDL.  Sample locations are 
provided on Figure 4-G.  Surface water samples were submitted for laboratory analysis as outline in 
Table 4-C.  The results of the analysis are provided on Table Set C-5 of Appendix C.   

4.4.3 Remaining RI (AMEC, 2001w, 2003c, and 2004m) 
The Remaining RI TM (AMEC, 2003c) describes field activities in 2002.   

The field event included the collection of three surface water samples from former WDL and one 
surface water sample from NDP.  Surface water samples were collected in close proximity to 
sediment sampling locations.  Sampling locations are provided on Figure 4-G.  The surface water 
samples were submitted for laboratory analysis as outlined in Table 4-C.  Analytical results are 
provided in Table Set C-5 of Appendix C. 

The Remaining RI TM Addendum documents field sampling activities completed in 2003 (AMEC, 
2004m).  Field activities included sampling surface water from NDL and NDP.  Nine samples were 
collected from NDL and three were collected from NDP.  A seep sample was also collected from the 
slope near the base of the 84-inch culvert.  Sample locations are provided on Figure 4-G. 

The nine NDL samples, the three NDP samples, and the seep sample were submitted for laboratory 
analysis as outlined on Table 4-C.  Analytical results are provided in Table Set C-5 of Appendix C. 

4.5 LAKE SEDIMENT 

This section describes RI lake sediment characterization activities and treatability studies for NDL, 
former WDL, and the NDP.   

4.5.1 Phase II RI (EMCON, 1993) 
The Phase II RI Quarterly Report, No. 2 documents the collection of four sediment samples in former 
WDL in August 1993 (EMCON, 1993).  Sampling locations are provided on Figure 4-H.  The sediment 
samples were submitted for laboratory analysis to provide information on the nature and extent of 
potential impacts to the lake.  The samples were submitted for laboratory analysis as outlined on 
Table 4-C.  Analytical results are provided on Table Set C-7 of Appendix C. 
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4.5.2 1997 NDL Surface Water and Sediment Sampling (WCC, 1997b) 
Three sediment samples were collected from NDL in January 1995.  Modification No. 9 to the Final 
Work Plan (WCC, 1996c) documents the results of these three samples and includes an additional 
sample requested by DEQ and collected in April 1997.  Sample locations are shown on Figure 4-H. 

These samples were submitted for laboratory analysis as outlined on Table 4-C.  Analytical results are 
provided on Table Set C-7 of Appendix C. 

4.5.3 Remaining RI (AMEC, 2003c and 2004m) 
The Remaining RI TM describes field activities in 2002.  Sediment samples were collected from four 
locations in former WDL in August 2002 (Figure 4-H).   

Sediment samples were collected at four depth intervals at two locations and at five depth intervals at 
two locations.  The sediment samples were submitted for laboratory analysis as outlined on Table 4-
C.  Analytical results are provided on Table Set C-7 of Appendix C. 

4.5.4 Remaining RI Addendum (AMEC, 2004m) 
The Remaining RI TM Addendum – North Doane Lake Investigation (AMEC, 2004m) documents 
sediment and pore water sampling activities completed at NDL and NDP in November and December 
2003.     

Sediment samples were collected from seven locations in NDL and three locations in NDP (Figure 4-
H).  Sediment samples were submitted for laboratory analysis as outlined on Table 4-C.  Analytical 
results are provided on Table Set C-7 of Appendix C. 

Four pore water samples were collected from NDL and two were collected from NDP (Figure 4-H).  
The NDL pore water samples were collected from the same locations as surface water and sediment 
samples  The pore water samples were submitted for laboratory analysis as outlined on Table 4-C.  
Analytical results are provided on Table Set C-7 of Appendix C. 

4.5.5 Former WDL Sediment Leachability Analysis (AMEC, 2004q) 
This report documents sampling activities conducted in February 2004.  Four sediment samples were 
collected from former WDL.  Sampling locations are provided on Figure 4-H.  The samples were 
submitted for laboratory analysis as outlined on Table 4-C.  Analytical results are provided on Table 
Set C-7 of Appendix C. 
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4.5.6 Phase 1 and 2 Treatability Study Sediment Sampling (AMEC, 2005o, 2005s, and 
2009e) 

The Final WDL EE/CA (AMEC, 2009e) presents the former WDL TS as Attachment 1.  Twenty-three 
sediment samples were collected from 20 locations in former WDL in November 2005.  The sample 
locations are provided on Figure 4-H.  The samples were submitted for laboratory analysis as outlined 
in Table 4-C.   

Three 20-gallon bulk sediment samples were collected from former WDL in February and March 
2006.  These sampling locations are provided on Figure 4-H.  Analytical results for both these 
sampling events are provided on Table Set C-7 of Appendix C. 

4.5.7 Phase 5 Treatability Study Sediment Sampling (AMEC: 2008p, 2008u, and 
2009e) 

Two additional former WDL bulk sediment samples were collected on August 2008.  The bulk 
sediment samples were collected from the same areas where bulk sediment samples were collected 
in 2006 (Figure 4-H).  The samples were submitted for laboratory analysis as outlined on Table 4-C.  
The results from these samples are presented on Table Set C-7 of Appendix C. 

4.6 STORMWATER AND NON-STORMWATER  

This section summarizes RI activities related to non-stormwater associated with City Outfall 22B, and 
stormwater and non-stormwater associated with City Outfall 22C.  The sampling locations referred to 
in the following sections are shown on Figure 4-I. 

4.6.1 City Outfall 22B Non-Stormwater 
Non-stormwater in the City Outfall 22B storm sewer system was investigated (Figure 4-I).  City Outfall 
22B is located along the Riverbank just south of the BNSF railroad bridge and discharges stormwater 
and non-stormwater from the 22B drainage basin to the River.  The RP property has never had a 
direct connection to the City Outfall 22B stormwater system.  However, the potential for RP and other 
party’s constituents to enter the system through groundwater infiltration (e.g., non-stormwater) was 
investigated.  Stormwater was not investigated.     

4.6.1.1 Stormwater System Sampling Events (WCC, 1996a) 

Samples were collected from manholes and outfall discharge associated with the City Outfall 22B 
storm sewer system in April 1994 and May 1995.  Samples were submitted for laboratory analysis as 
outlined in Table 4-C.  The non-stormwater analytical results are summarized in Table Set C-8 in 
Appendix C.   
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4.6.1.2 Outfall 22B Camera Survey and Sampling (AMEC, 2004r and 2005f) 

In June 2004, a dry-weather camera survey was completed from the farthest upstream manhole 
access, manhole MH-10, downstream to manhole MH-5.  This survey was conducted to supplement a 
separate camera survey conducted with the City in April 2004 (AMEC, 2004r).  Sediment obstructed 
advancement of the camera between MH-7 and MH-6 (Figure 4-I).   

Non-stormwater samples were collected on September 23 and 24, 2004, as reported in the Outfall 
22B IRAM Technical Memorandum (AMEC, 2005f).  No rain occurred 72 hours prior to the sampling.  
The samples were submitted for laboratory analysis as outlined on Table 4-C.  The non-stormwater 
analytical results are summarized in Table Set C-8 in Appendix C.   

4.6.1.3 2008 City Outfall 22B Manhole and Catch Basin Sampling (AMEC, 2009i) 

Additional investigations at or near the City Outfall 22B storm sewer were conducted in February and 
June/July 2008 (AMEC, 2009i).  Non-stormwater flow samples from the catch basins were collected in 
February 2008. 

The manhole sampling was conducted in June and July 2008 and included collection of non-
stormwater flow samples from MH-5, MH-6, MH-7, and MH-10.  The samples were submitted for 
laboratory analysis as outlined on Table 4-C.  The results of this sampling investigation are provided 
in Table Set C-8 in Appendix C.   

4.6.1.4 City Outfall 22B Storm Sewer Pre-Remedy Investigation (AMEC, 2009m and 
2009ll) 

The City Outfall 22B Storm Sewer Pre-Remedy Technical Memorandum (AMEC, 2009ll) provided a 
description of activities conducted within the City Outfall 22B storm sewer prior to implementation of 
the Expanded City Outfall 22B IRAM.   

Non-stormwater sampling activities were performed on May 18, 2009, following a 4-day dry period.  
Samples were collected from seven locations: MH-4, MH-5, MH-6, MH-7, MH-9, MH-10, and the 
outfall (Figure 4-I).  Samples collected during the pre-remedy investigation event were submitted for 
laboratory analysis as outlined on Table 4-C.  The results of this sampling are provided in Table Set 
C-8 in Appendix C.   

4.6.2 City Outfall 22C Stormwater and Non-Stormwater 
City Outfall 22C is located along the Riverbank just north of the BNSF railroad bridge and discharges 
stormwater and non-stormwater from the City 22C basin to the River (Figure 3-4-I).  The RP property 
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has never had a direct connection to the Outfall 22C stormwater system.  However, the potential for 
RP and other party’s constituents to enter the system through NDL media was investigated.     

4.6.2.1 Remaining RI (AMEC, 2003c and 2004m); and City Outfall 22C Storm Sewer 
Sampling (AMEC, 2005f) 

Water samples were collected from City Outfall 22C in August 2002, November 2003, and December 
2003.  The results were reported in the Remaining RI TM (AMEC, 2003c), Remaining RI TM 
Addendum – North Doane Lake Investigation (AMEC, 2004m), and the Post-Characterization 
Groundwater Monitoring Plan (AMEC, 2004c and 2005f).   

Non-stormwater samples were collected during dry periods in summer or fall.  The stormwater sample 
was collected on December 5, 2003, following a prolonged period of rainfall.   

Samples were submitted for laboratory analysis as outlined in Table 4-C.  The results of this sampling 
investigation are provided in Table Set C-8 in Appendix C.   

4.6.2.2 2009 Groundwater Monitoring Event (AMEC, 2009u and 2010j) 

A non-stormwater sample from Outfall 22C was also collected as part of the 2009 Groundwater 
Monitoring Event on July 8, 2009 (AMEC, 2009u).  Analytical results from this sample were reported 
in the First Quarter 2010 RI/FS Progress Report (AMEC, 2010j).  The non-stormwater sample was 
submitted for laboratory analysis as outlined in Table 4-C.  The results of this sampling investigation 
are provided in Table Set C-8 in Appendix C. 

4.7 BIOTA 

4.7.1 Fish Tissue 
4.7.1.1 NDL Fish Reconnaissance Survey (AMEC, 2004o) 

A fish reconnaissance survey of NDL was conducted in March 2004.  The NDL fish reconnaissance 
survey results were provided in the NDL Fish Reconnaissance Survey document (AMEC, 2004o).   

The findings of the fish reconnaissance survey of NDL are provided in Table Set C-9 in Appendix C.  

4.7.1.2 NDL Fish Tissue Sampling Field Event (AMEC, 2007j) 

The NDL Fish Tissue Sampling Field Event TM documents the collection and processing of fish to 
obtain fish tissue samples (AMEC, 2007j).   
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Both whole-body and composite fish tissue samples were collected and submitted for laboratory 
analysis as outlined in Table 4-C.  Analytical results are presented in Table Set C-9 in Appendix C. 

4.7.2 Benthic Invertebrate Surveys 
4.7.2.1 Bioassessment Sampling (WCC, 1994a; AMEC, 2004p) 

The benthic macroinvertebrate community of NDL was characterized based on two separate 
samplings of sediment infauna conducted by WCC.  The first survey was conducted on September 
25, 1993.  Samples were collected from three locations in the southern portion of NDL: A-1993, B-
1993, and C-1993.  The second survey was conducted on January 30, 1995, and samples were 
collected from three locations in the northern portion of NDL: NDL-1, NDL-2, and NDL-3. 

The methods for sampling and analysis were generally consistent with those specified in the EPA 
Rapid Bioassessment Protocol (RBP) (Plafkin et. al, 1989).  The survey techniques used resulted in a 
reasonable quantitative characterization of the benthic macroinvertebrate community in NDL.  Fish 
other than sticklebacks were not noted during these surveys. 

5.0 INTERIM REMEDIAL ACTION MEASURES 

IRAMs are summarized in this section and in Table 5-A.  Analytical testing from IRAM-related 
sampling is summarized on Table 5-B and presented in the applicable tables referenced in each 
subsection.  Evaluation of the analytical results is presented in Section 8 (Chemical Nature and 
Extent/Fate and Transport) and Section 11 (Data Completeness Evaluation). 

5.1 SOIL INTERIM REMEDIAL ACTION MEASURES 

This section describes soil IRAMs conducted for the RP property and include the following actions:   

● IA Interim Remedial Measure (WCC, 1995c and 1996b); and 

● Facility Structures Assessment and IRAM (AMEC, 2003q and 2004l). 

5.1.1 Insecticide Area Interim Remedial Measure (WCC, 1995c and 1996b) 
The IA Interim Remedial Measure (IRM) included the following activities: covering the foundation piers 
and impacted soil under the former insecticide dust plant with clean fill sand, geotextile fabric, gravel, 
and asphalt; sealing the foundation adjacent to the former insecticide plant; and backfilling and 
capping an elevator shaft in the former insecticide warehouse.  The IRM was designed to prevent off-
site migration of fugitive dust, minimize infiltration in the pier area and “south soils area”, and prevent 
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potential direct exposure to pier-area soils and concrete piers (WCC, 1995c).  IRM field activities were 
completed in May and June of 1996 (WCC, 1996b). 

5.1.2 Facility Structures Assessment and Interim Remedial Action Measure (AMEC, 
2003q and 2004l) 

Building infrastructure features with a surface expression such as sumps and subsurface piping were 
evaluated as part of the Facility Structures Assessment (AMEC, 2003q).  The Facility Structures 
Assessment and IRAM consisted of capping pipes, sumps, an elevator shaft, and valve boxes, and 
placing cover/fill over unpaved soils in the HA.  The Facility Structures Assessment and IRAM 
activities were completed in March 2004 and reported in the Facility Structures IRAM TM (AMEC, 
2004l).   

5.2 GROUNDWATER INTERIM REMEDIAL ACTION MEASURES 

A shallow groundwater extraction and treatment system (GETS) has been in operation within the 
former plant area since mid-1980.  Extracted groundwater is treated at the on-site wastewater 
treatment plant prior to discharge under the NPDES permit.  The treatment system consists of a 
reactor and a carbon absorption polisher.  Both groundwater streams are pretreated in the reactor 
before entering the carbon system and being discharged to the River under the NPDES permit.  The 
stormwater stream is pumped directly into the carbon system.  Further discussion of on-property 
stormwater is included in Section 15.3.1.   

Shallow groundwater is extracted from eight extraction wells located immediately downgradient of the 
HA.  The extraction wells are constructed to about 25 bgs and extract a total of approximately 1,400 to 
4,300 gallons per day.  The extracted groundwater is routed to a bioreactor, a 156,000-gallon ASTs 
(Tank V-523) where organic constituents in groundwater are biodegraded through aeration, nutrient 
amendment, and pH/temperature control.  Following the bioreactor, treated groundwater enters the 
settling tank (Tank V-531) where the majority of the biomass and flocculent settle out under gravity.  
The discharge from V-531 combines with collected stormwater runoff from impervious surfaces 
overlying the HA and IA prior to treatment in the carbon system.    

5.3 NON-STORMWATER INTERIM REMEDIAL ACTION MEASURES 

5.3.1 City Outfall 22B Interim Remedial Action Measure, (AMEC, 2005ff, 2005ee, 
2006z, 2006aa, 2007b, 2007aa, and 2008m) 

A Final Outfall 22B IRAM Work Plan (Outfall 22B IRAM WP) was submitted to DEQ on November 11, 
2005, and describes the scope of work for repairing the Outfall 22B storm sewer system (AMEC, 
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2005ff).  The Outfall 22B IRAM was designed to eliminate shallow groundwater infiltration to City 
Outfall 22B containing RP and third-party related constituents.  The work did not include repairing 
lateral sewer lines.  No evidence of preferred transport of groundwater along the City Outfall 22B pipe 
backfill material had been observed; however, a cutoff collar in the pipe backfill material was installed 
downstream of MH-3.   

The Outfall 22B IRAM included collecting non-stormwater samples from the storm sewer manholes 
and Outfall 22B prior to repair of the storm sewer line, storm sewer clean out between MH-6 and MH-
7, a camera survey of the cleaned storm sewer line, the storm sewer line repair, and collection of a 
non-stormwater sample from Outfall 22B to confirm effectiveness of repair.   

The Outfall 22B IRAM took place between September 16, 2006 and December 11, 2007, and was 
described in four work plan addenda (AMEC, 2006z, 2006aa, 2007b, and 2007aa) and the Outfall 22B 
IRAM TM (AMEC, 2008m). 

5.3.1.1 Pre-Repair Sampling 

Eight water samples were collected as part of the pre-repair non-stormwater sampling on September 
12, 2006.  Analytes sampled are provided in Table 5-B and results are summarized in Table Set C-8 
in Appendix C. 

5.3.1.2 Sediment Removal and Sampling 

Sediment was removed between MH-6 and MH-7 on October 12 and 13, 2006, a camera survey was 
completed, and additional infiltration locations needing repair were identified (Figure 4-I).  Uretek 
USA, Inc. began repairing infiltration locations in the Outfall 22B storm sewer system on October 25, 
2006.  Additional clean out occurred between October 20 and 26, 2006, from MH-10 to the outfall, and 
additional camera surveys were conducted concurrently, which identified additional locations for 
repair.   

Two samples were collected from the cleanout sediment (one from above MH-5 and one from below 
MH-5) and analytical results are summarized in Table C-10 in Appendix C.   

5.3.1.3 IRAM Storm Sewer Repairs and Cutoff Collar, and Post-Repair Camera Surveys 

Repairs were carried out as outlined in the Outfall 22B IRAM WP (AMEC, 2005ff) and associated 
addenda (AMEC, 2006z, 2006aa, 2007b, and 2007aa).  Polymer was injected into the subsurface soil 
through holes drilled from the inside of the pipe to the outside.   
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On November 9, 2006, a cutoff collar was installed downstream of MH-3 (Figure 4-I) by injecting 
polyurethane foam around the pipe.  A large quantity of foam was injected to ensure potential 
groundwater flow around the pipe was cut off.   

On December 6, 2006, a post-repair non-stormwater sample was collected from the outfall.  The 
water samples were submitted for laboratory analysis as indicated on Table 5-B.  The post-repair 
water sample results are summarized in Table Set C-8 in Appendix C. 

On December 8, 2006, a post-repair camera inspection identified locations where weeping or dripping 
continued.  Follow-up repairs were made on February 8 and 9, and May 2 and 8, 2007, where leaks 
were identified (AMEC, 2007b).   

On June 14 and 22, 2007, a second camera survey was conducted during non-stormwater flow 
conditions (AMEC, 2007aa).  Areas of higher flow were observed at six lateral service connections.  
Approximately 70 to 80 percent (%) of the non-stormwater outflow volume observed was estimated to 
be from lateral service connections.   

Non-stormwater flow samples from five locations (MH-4, MH-6, MH-7, MH-10, and the outfall) were 
used to evaluate potential groundwater contribution from the lateral connections.  The non-stormwater 
samples were collected on October 29 and December 11, 2007, and analyzed for the constituents 
and parameters specified for post-repair monitoring in the WP (AMEC, 2007aa).   

5.3.1.4 Sediment Sources 

The camera surveys indicated that sediment collected in the pipe between the 2006 and 2007 
surveys.  Sampling of the accumulated sediment indicated differences in sediment composition and, 
therefore, sources upstream of MH-5 and downstream of MH-5.   

Sources of sediment within the pipe or catch basins include: 

● Surface soil along the east side of NW Front Avenue, eroding into catch basins between 
Arkema’s fence and the curb; 

● Surface sediment/debris from the street, entering curbside catch basins and subsequently 
the main sewer pipe during storm events;  

● Breaks in the pipe(s) upstream of the Outfall 22B conveyance line (e.g., within Metro’s 
system); 

● Sediment suspended within infiltrating groundwater; and/or 
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● Overflow events from the City sanitary pump station. 

The IRAM reduced non-stormwater flow.  However, an expanded IRAM was necessary because 
unacceptable non-stormwater infiltration continued after completion of the IRAM.  

5.3.2 City Outfall 22B Expanded Interim Remedial Action Measure (AMEC, 2009n) 
The Outfall 22B Expanded IRAM Work Plan (Outfall 22B Expanded IRAM) included cleaning and 
inspection of the existing sewer line, sediment removal, discrete structural point repairs, cured-in-
place pipe (CIPP) lining, manhole lining, waste handling and sediment characterization, and pre-and 
post-lining camera documentation.  Lining occurred between the Metro Central Transfer Station to the 
outfall at the River and included related manholes and private property laterals.  The Expanded Outfall 
22B IRAM will eliminate the infiltration of non-stormwater flow to City Outfall 22B.   

Certain quality-control repairs remain to be completed; however, the Outfall 22B Expanded IRAM has 
substantially reduced non-stormwater flow as of November 2010.   

5.3.2.1 Sediment Removal and Sampling 

Sediment removed during pipe cleaning was contained for sampling and disposal.  The five sediment 
samples were submitted for laboratory analysis as indicated on Table 5-B.  The sediment sample 
results are summarized in Table Set C-10 in Appendix C.  

5.4 WEST DOANE LAKE INTERIM REMEDIAL ACTION MEASURE 

The WDL IRAM was implemented between June and October 2010, and eliminated WDL.  The IRAM 
consisted of in-situ stabilization and solidification (ISS) of sediments, followed by construction of an 
impermeable cap over the stabilized sediments.  The capped area of former WDL has been graded to 
collect stormwater in two catch basins located at each end of former WDL and is pumped to the WTP 
for treatment and discharge to the River.  The remedial action: 

4. Eliminates direct human exposure to WDL COIs in surface water/sediment. 

5. Eliminates direct ecological receptor exposure to WDL COIs in surface water/sediment. 

6. Reduces the potential for WDL COIs to migrate from sediment to groundwater. 

7. Reduces the potential for WDL sediment to serve as a source of COIs to groundwater. 

Selection of ISS and capping is documented in the Final WDL EE/CA (AMEC, 2009e), including the 
results of the WDL Treatability Study (Attachment 1; AMEC, 2009e) and the Revised Geotechnical 
Investigation Report (Attachment 2; AMEC, 2009e).  DEQ approved the Final WDL EE/CA on June 
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19, 2009, including two addenda to the EE/CA to address DEQ comments (AMEC, 2009w and 
2009z).   

The long-term monitoring program for the WDL IRAM includes periodic monitoring of cap performance 
(quarterly), stormwater quality (twice annually), and groundwater quality (twice annually for two 
years). 

6.0 HYDROGEOLOGIC CSM 

The hydrogeologic CSM describes the stratigraphic units at the RP property and vicinity, and how 
groundwater can move through these materials.  This CSM integrates previous and new regional and 
site-specific geologic and hydrogeologic information to explain the relationships between geology and 
hydrology (groundwater and surface water).  This updated CSM supersedes the previous model 
presented in the Draft SCE Report (AMEC, 2008d).   

The CSM is “straightforward” although not simple, and provides a basis for understanding constituent 
movement at the RP property and vicinity.  Constituent distribution from the RP property and vicinity 
follows a predictable pattern through the sediment sequence and bedrock, depending on source 
location, position within the groundwater flow system (from recharge area to discharge area), and 
constituent properties. 

The CSM was developed using boring logs, grain size and Atterburg limits, hydraulic testing, 
groundwater elevations, and soil, sediment, and geochemistry results from the area.  A summary of 
the investigations generating these data are provided in Section 4.  Section 6.1 provides a description 
of the regional geology and hydrogeology, and Section 6.2 provides a description of the local geology 
and hydrogeology. 

6.1 REGIONAL GEOLOGY AND HYDROGEOLOGY 

The RP property is located within the Portland basin, a northwest-southwest trending structural 
feature that contains a thick sequence of alluvial deposits overlying basalt lava flows of the Columbia 
River Basalt Group (CRBG) (Beeson et al., 1991; Swanson, et al., 1993; Figures 6-A and 6-B).  The 
Portland basin is bounded on the northwest by the Tualatin Mountains, and is believed to have 
originated as a dextral strike-slip pull-apart basin (Beeson et al., 1985; Yelin and Patton, 1991; Blakely 
et al., 1995, 2000, and 2004; Wong et al., 2001).  Both the western and eastern boundaries of the 
Portland basin are delineated by major northwest-trending fault zones (Beeson et al., 1985, 1989a, 
and 1989b; Tolan and Reidel, 1989; Yelin and Patton, 1991).  Field evidence suggests that the 
Portland basin structural feature developed before placement of the CRBG (Beeson et al., 1989a and 
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1989b) and continues to develop to the present day (Yelin and Patton, 1991; Blakely et al., 2000 and 
2004; Wong et al., 2001).   

From top to bottom, the alluvial deposits in the basin consist of Quaternary deposits (artificial fill, flood 
plain and channel deposits of the Willamette and Columbia rivers, and deposits from Ice Age 
catastrophic floods from glacial Lake Missoula), and older alluvial deposits of Pliocene to Miocene age 
(Troutdale Formation and Sandy River Mudstone) (Beeson et al., 1991).  The Quaternary and older 
sedimentary deposits overlie the Miocene-age CRBG that consists of a series of flood basalt flows of 
varying extent, thickness, structure, magnetic polarity, and geochemistry that cover portions of 
western Idaho, Oregon, and Washington.  In the Portland basin, the CRBG occurs at its shallowest 
depth near the edges of the basin and slopes toward the center of the basin where it is more than 
1,600 feet below ground surface (bgs) in the Vancouver, Washington, area (Swanson et al., 1993). 

The Portland Hills Silt, a loess or wind-blown silt derived from sediments of the Columbia River Basin, 
typically mantles flatter ridges and slopes on the eastern flank of the Tualatin Mountains 
approximately 500 feet amsl (Lentz, 1981).  Landslides in areas where Portland Hills Silt has been 
deposited are common because the Portland Hills Silt is a relatively low-strength surficial deposit and 
because of the combination of heavy rainfall and steep slopes in the area (Madin, 2009; Burns, 1998; 
Schlicker and Deacon, 1967).  Landslide activity would have been favored at the end of the glacial 
period due to the steeper slope to the lower Willamette River because sea level elevations were much 
lower than present day levels.  This resulted in landslides, mudflows, and debris flows along 
drainages of the Tualatin Mountains that transported colluvium into the Willamette River valley. 

Groundwater within the Portland basin generally moves from upland areas, such as the Tualatin 
Mountains, toward major discharge points in the basin such as the Columbia and Willamette rivers 
(Figure 6-C).  In the RP property and vicinity, this means that groundwater is expected to flow to the 
northeast from the adjacent Tualatin Mountains towards the Willamette River.  Similarly, groundwater 
on the other side of the Willamette River is expected to flow northwestward to the river, from the 
southwestern portion of the topographic high in the vicinity of St. John’s and University Park.   

Surface water features and drainage patterns in the Portland Basin depend on local topography.  
These features may affect shallow groundwater flow.  The largest and most important surface water 
body is the Willamette River and it controls the general groundwater flow direction in the area.  There 
are also multiple perennial and ephemeral streams that drain the Tualatin Mountains along with 
limited ponds/lakes within the RP vicinity that have a more localized influence on shallow groundwater 
flow.   
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6.2 LOCAL GEOLOGY AND HYDROGEOLOGY 

The RP property is located approximately 7 river miles upstream of the confluence of the Willamette 
and Columbia rivers, on the west bank of the Willamette River (Figure 1-A).  The RP plant area is 
located approximately 2,000 feet away from the Willamette River at an elevation of approximately 35 
to 45 feet amsl and sits on a bench lying between the Willamette River on the northeast and the 
Tualatin Mountains on the southwest (Figure 1-B).  

Geologic deposits at the RP property and vicinity are grouped into two types:  (1) sediment deposits 
and (2) bedrock.  The characteristics and distribution of the sediment deposits are largely controlled 
by the bedrock topography and by sea level.  More recent sediment deposits of the Willamette River 
comprise the majority of the sediment deposits at the RP property and vicinity, with colluvial deposits 
from the nearby Tualatin Mountains and anthropogenic fill materials placed during 20th century 
industrial development contributing a smaller percentage of the sediment deposits.  Bedrock 
distribution and characteristics are controlled by the Cascade Mountains, by historical structural 
features of the ancestral Columbia and Willamette river valleys, and by historical floods that flowed 
through these two river systems.  Overall, the present-day geologic system in the RP property vicinity 
is comprised of a sedimentary assemblage that can be as much as 200 feet thick, that overlies a 
basement of bedrock with more than 200 feet of buried relief.  

The geologic deposits are grouped into five stratigraphic units beneath the RP property and vicinity 
and include: (1) Artificial Fill, (2) Fine-Grained Alluvium, (3) Alluvial-Colluvial Gravel, (4) Troutdale 
Formation, and (5) CRBG.  These units were defined based on the following site-specific data and 
local and regional geologic literature: 

● Boring and monitoring well logs from investigations completed by StarLink at the RP 
property and vicinity (Appendix B; Appendix D-1); 

● Grain size and Atterburg limit tests (Appendices D-3 and D-4); 

● Hydraulic conductivities from pumping and variable head (slug) tests (Appendix D-3); 

● Groundwater and surface water levels (Appendices D-5, D-8, D-9, and D-11); 

● Horizontal and vertical hydraulic gradients (Appendices D-6 and D-7); 

● Bulk rock geochemistry (Appendix D-10); 

● Aerial photographs (Appendix A); 

● Historical topographic maps (Appendix D-2), and 

● Soil, sediment, and groundwater analytical results (Appendix C). 
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Table 6-A summarizes the distinguishing characteristics of each unit. 

Boring logs were developed from geologic samples collected using different drilling techniques that 
varied over the thirty years of data collection.  These techniques included cable tool, air rotary, hollow-
stem auger, sonic, and direct push drilling.  The differing drilling techniques and changes in industry 
standards for lithologic logging resulted in a varying degree of detail and reliability of the boring logs.  
Boring logs were reviewed during the compilation of data for this report and, on occasion, some 
geologic unit interpretations were revised.  The boring logs, including the Unified Soil Classification 
System (USCS) and geologic unit descriptions, should be reviewed with the written CSM presented in 
this section because boring logs by themselves do not provide a complete representation of site 
conditions.  Borehole and monitoring locations are presented on Figure 6-D and boring logs are 
presented in Appendix B.  

Selected boring logs from the RP property and vicinity were used to construct nine geologic cross 
sections.  Boring logs referenced in the development of the cross sections have been annotated with 
the stratigraphic units and are presented in Appendix D-1.  The locations of these cross sections are 
provided in Figure 6-E and the nine cross sections are provided on Figures 6-F through 6-O.   

Figure 6-P presents key CRBG topographic features that influence groundwater flow (and constituent 
distribution presented in Section 8) in the RP property vicinity including (1) a buried bedrock ridge 
located beneath the Arkema Site and positioned parallel to the Willamette River at the riverbank, (2) a 
buried side channel, generally parallel with and positioned beneath N.W. Front Avenue, between the 
buried bedrock ridge and the western wall of the Willamette River valley, and (3) a bedrock basin 
located near the boundary of the Gasco and Siltronic properties. 

The following subsections provide discussions on: 

● The stratigraphic sequence of native and non-native sediments that overlie bedrock at the 
RP property and vicinity (Section 6.2.1); 

● The bedrock (CRBG) beneath the sediment sequence (Section 6.2.2); 

● Groundwater flow at the RP property and vicinity (Section 6.2.3); and 

● Drainage and surface water flow at the RP property and vicinity (Section 6.2.4). 

6.2.1 Sediment  
The sediment sequence overlying the CRBG bedrock at the RP property and vicinity consists of 
Artificial Fill, Fine-Grained Alluvium, and discontinuous deposits of Alluvial-Colluvial Gravel.  For each 
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unit, the following sections present the geologic history, the geologic and hydrogeologic 
characteristics, general groundwater movement, and interconnectedness to the Willamette River. 

6.2.1.1 Artificial Fill 

Artificial Fill was placed on the Willamette River floodplain to allow industrial development to occur 
along the river.  Filling occurred in lowland areas adjacent to the Willamette River, as well as in former 
Doane Lake, a large, shallow oxbow lake that was a former river channel (Appendix D-2).  The former 
extent of Doane Lake includes one lake remnant (NDL) and portions of property owned by BNSF, RP, 
ESCO, Siltronic, NL/Gould, and Schnitzer (Figure 2-A; Section 3.2).   

Filling began sometime around 1906 to 1908 with the construction of a railway and associated bridge 
across the Willamette River.  Between 1906 and 1915 the Spokane Portland and Seattle Railway 
constructed what is referred to as the BNSF embankment that bisected Doane Lake.  This was the 
first major placement of fill at the RP property vicinity.   

Industrialization of the former Doane Lake area began in the 1930s and in the late 1940s significant 
amounts of fill material were added to the lake.  Descriptions of the fill materials placed and fill 
sources are provided in Section 3.2.  Fill activities continued gradually through the 1950s and 1960s 
and increased during the 1970s.  NDL reached its current configuration in 1970 with placement of fill 
for the northern railroad embankment.  About 1969, fill material again bisected Doane Lake to create 
WDL and EDL.  The final configuration of WDL was reached by the end of 1977.  WDL no longer 
exists following the completion of the WDL IRAM in 2010 as discussed in Section 5.4.  For distinction, 
the currently filled WDL is referenced as “former WDL”.  EDL, which covered part of the NL/Gould and 
Schnitzer properties, was filled after the soil remedy at the NL/Gould Superfund Site was completed in 
2000 (Appendix A, 2002 aerial photograph).  As with the former WDL, the currently filled EDL is 
referred to as the former EDL. 

The Artificial Fill is heterogeneous and consists of variably textured dredge spoils from the Willamette 
River intermixed with miscellaneous debris such as brick, gravel, foundry sands, wire, concrete, and 
battery casings (Section 3.2; Appendix B).  Manufactured gas plant (MGP) residues, lampblack and/or 
pencil pitch material, solidified tar, and oil are observed north of the BNSF embankment on Siltronic 
and NW Natural/Gasco properties (AMEC, 2008d; HAI, 2007a; Appendix A).    

The thickness and distribution of the Artificial Fill are shown on Figure 6-Q.  Thickness varies 
depending on the depth to the pre-existing ground surface or former lake bottom; it ranges from 
approximately 4 to 30 feet thick but typically is 15 to 25 feet thick.  In the USCS, Artificial Fill 
classifications include silty sand (SM), silt (ML), and silty sand with gravel (SM).  In general, the 
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Artificial Fill is coarser grained (sandier) than the underlying Fine-Grained Alluvium based on the 
available grain size data and composition of the fill material.  Laboratory grain-size data for Artificial 
Fill are presented in Appendices D-3 and D-4. 

The depth to the water table in the Artificial Fill is generally less than 15 feet bgs (10 to 30 feet City of 
Portland Datum [COPD]; Appendix D-5).  The saturated hydraulic conductivity of the Artificial Fill 
ranges from 0.08 to 13.4 feet/day (2.8 x 10-5 to 4.7 x 10-3 centimeters per second [cm/sec]) based on 
variable head (“slug”) tests and pumping tests (Appendix D-3).  With two exceptions, all hydraulic 
conductivity measurements were less than 3 feet/day.  The geometric mean of the hydraulic 
conductivity values is 0.8 feet/day (2.9E-04 cm/sec), which is similar to the Fine-Grained Alluvium (1.3 
feet/day), and is an order of magnitude lower than the Alluvial-Colluvial Gravel (14.1 feet/day; Table 6-
A).  Horizontal gradients calculated between selected monitoring wells parallel to groundwater flow 
are generally between 0.000 to 0.036 feet/feet (Appendix D-6).  Artificial Fill water level contours from 
measurements in May 2007 and August 2009 are provided in Appendices D-8 and D-9, respectfully.  

Vertical gradients between monitoring wells screened in the Artificial Fill and those screened in the 
upper portion of the Fine-Grained Alluvium are presented in Appendix D-7.  Vertical gradients across 
the RP property and vicinity are consistently downward from the Artificial Fill to the Fine-Grained 
Alluvium ranging from 0.001 to 0.462 feet/feet, except for three wells located between the Tualatin 
Mountains and WDL where vertical gradients are upward.  Positive values listed in Appendix D-7 
indicate downward vertical gradient. 

Generally, shallow groundwater flow systems reflect topography and the water table in the Artificial Fill 
follows this pattern.  The Artificial Fill is also seasonally influenced by the Willamette River level when 
the water table drops with river stage and the Artificial Fill becomes unsaturated (Figure 6-Q).  The 
Artificial Fill is unsaturated at portions of the RP property because it is above the water table.  
Groundwater flow may also be influenced by surface water bodies.  Between N.W. Front Avenue and 
the Tualatin Mountains, groundwater flow is toward local surface water bodies (NDL, Doane Creek, 
and WDL when it existed), or is away from areas of high groundwater on RP and ESCO properties.  
The extent of the area of high groundwater on RP and ESCO properties varies seasonally but 
generally occurs as a groundwater ridge trending north-south (Appendices D-8 and D-9).  Areas of 
high groundwater are generally associated with approximate proximity to surface water bodies and 
coarser sediment along N.W. Front Avenue (Figure 6-Q; Appendix D-4).  Between N.W. Front Avenue 
and the Willamette River, groundwater flows to the north and east toward the Willamette River where 
the Artificial Fill is saturated.     
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Overall, groundwater enters the Artificial Fill from recharge from the Tualatin Mountains and 
precipitation infiltration on the Artificial Fill in the valley, and leaves the Artificial Fill by discharging to 
local surface water bodies or to the underlying Fine-Grained Alluvium.  The Artificial Fill at the RP 
property does not provide a continuously complete groundwater pathway to the Willamette River 
because portions are unsaturated (e.g., in the RP IA), vertical gradients are predominantly downward 
to the underlying Fine-Grained Alluvium, and groundwater flow is toward local surface water bodies 
(Figure 6-Q).   

6.2.1.2 Fine-Grained Alluvium 

The Fine-Grained Alluvium is a low-energy, gravel-free alluvial deposit that comprises most of the 
sediment above the bedrock at the RP property and vicinity.  The low-energy depositional 
environment is the result of a sea level rise since the last glacial period combined with hydraulic 
damming caused by the much higher discharge of the nearby Columbia River that produces a low 
gradient in this reach of the Willamette River.   

Since the end of the last glacial period, the Pacific Ocean and the rivers that drain to it, like the 
Columbia and Willamette, have slowly risen, and sedimentation in the Willamette River Valley has 
been dominated by deposition of fine-grained alluvium.  Like any river, the Willamette has distinctive 
reaches that differ in geometry, gradients, and geology.  Portland is located in the lower reach of the 
Willamette River below Oregon Falls.  In this reach the gradients are low and the river is influenced by 
non-saline ocean tides. 

The low gradient and ocean tides tend to both dampen (stifle) any effects from upstream high-energy 
floods and result in low-energy fluvial conditions.  As a consequence, the lower reach of the 
Willamette River is more like an estuary than a free-flowing river.  Sedimentation reflects this typically 
low-energy, estuary-like environment with the deposition of a thick sequence of fine-grained, gravel-
free alluvium.  However, where bedrock is deeper in the Willamette River valley, such as beneath 
portions of the Siltronic and Gasco properties, alluvium textures may show greater variability.   

The Fine-Grained Alluvium overlies different stratigraphic units across the RP property and vicinity 
depending on location.  In the buried bedrock channel under N.W. Front Avenue and the Siltronic 
property, the Fine-Grained Alluvium overlies the discontinuous Alluvial-Colluvial Gravel mantling the 
CRBG (Figures 6-F, 6-G, 6-H, and 6-I).  In the deep bedrock basin beneath the Siltronic and Gasco 
properties, the Fine-Grained Alluvium overlies discontinuous Troutdale Formation, which in turn 
overlies the CRBG (Figure 6-N).  Where the Alluvial-Colluvial Gravel and Troutdale Formation are 
absent, the Fine-Grained Alluvium lies directly on the CRBG. 
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The Fine-Grained Alluvium is uniform and consists primarily of micaceous silts deposited by the 
Willamette River (Appendices D-3 and D-4).  A distinguishable layer of light gray ash occurs within the 
Fine-Grained Alluvium at approximately -45 to -50 feet COPD (80 to 85 feet bgs) at multiple 
monitoring wells on Siltronic property (RP-21-125, RP-22-151, MW03-137, and MW-03-141), and at 
one monitoring well on Arkema property (MWA-76g).  The ash ranges from 2 to 10 inches thick and is 
also useful as a potential stratigraphic marker and for recognizing that differences in materials may 
affect groundwater chemistry. 

The thickness of the Fine-Grained Alluvium varies across the RP property and vicinity depending on 
the depth to the bedrock surface (Figure 6-R and Figures 6-F to 6-O).  The Fine-Grained Alluvium is 
thinnest at about 20 to 40 feet, at the RP property and over the buried bedrock ridge that parallels the 
Willamette River beneath Arkema property.  It is thickest in the bedrock basin near the Gasco/Siltronic 
property boundaries where it is as much as 180 feet.  Fine-Grained Alluvium commonly classifies as 
silt (ML; 73% of samples) and silty sand (SM; 24% of samples).  Laboratory grain-size information for 
the Fine-Grained Alluvium is presented in Appendices D-3 and D-4.   

The textural variations indicated by the USCS classifications are largely gradational and no systematic 
variations have been observed either laterally or vertically.  Field classifications on some boring logs 
identify the Fine-Grained Alluvium as sandy material using the USCS.  Grain-size analyses completed 
on materials field-classified as being sandy indicate these soils generally should be classified as silts.  
Exceptions to this include a tendency toward sandier material near the base of the unit closer to the 
Willamette River, and in the buried bedrock basin beneath Gasco property where the predominant 
grain size is sand (classified as SP on logs completed by others on Gasco property).  No coarse 
materials (i.e., gravel or larger grain sizes) and no laterally continuous preferential pathways have 
been observed within the Fine-Grained Alluvium, despite the significant number of borehole 
descriptions available for the RP property and vicinity.   

The potentiometric surface in the Fine-Grained Alluvium is generally encountered at 10 to 35 feet 
COPD (15 to 25 feet bgs; Appendix D-5).  The Fine-Grained Alluvium has hydraulic conductivity 
values ranging from 0.005 to 58.8 feet/day (1.8E-06 to 2.1E-02 cm/sec) based on variable head 
(“slug”) test and pumping test data (Appendix D-3).  With three exceptions, hydraulic conductivity 
values in the Fine-Grained Alluvium are greater than 10.7 feet/day (3.8E-03 cm/sec).  The geometric 
mean hydraulic conductivity of 1.3 feet/day (4.4E-04 cm/sec) is similar to the Artificial Fill (0.8 
feet/day) and is an order of magnitude lower than the Alluvial-Colluvial Gravel (14.1 feet/day; Table 6-
A).  Horizontal hydraulic gradients calculated between selected monitoring wells parallel to 
groundwater flow are generally between 0.002 and 0.015 feet/feet (Appendix D-6).  Water level 
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contours for the Fine-Grained Alluvium from measurements collected in May 2007 and August 2009, 
are provided in Appendices D-8 and D-9, respectively. 

Vertical hydraulic gradients between monitoring wells screened in the Artificial Fill and Fine-Grained 
Alluvium, as well as between monitoring wells screened within the Fine-Grained Alluvium, and 
monitoring wells screened between the Fine-Grained Alluvium and the Alluvial-Colluvial Gravel or 
CRBG are summarized in Table 6-A, presented in Appendix D-7 and illustrated on Figure 6-R.  
Vertical gradients within the Fine-Grained Alluvium are variable and range from -0.223 to 0.225 
feet/feet.  Downward gradients range from 0.001 to 0.225 feet/feet and upward gradients range from -
0.001 to -0.223 feet/feet.  Downward gradients are more common near the Tualatin Mountains and in 
upper portions of the Fine-Grained Alluvium.  Upward gradients are present predominantly in the 
lowest portion of the Fine-Grained Alluvium near the bedrock ridge and bedrock basin.  This overall 
trend demonstrates the general influence of areas of recharge near the Tualatin Mountains and in the 
upper portion of the Fine-Grained Alluvium, and the influence of the lower permeability in the bedrock 
ridge that restricts groundwater flow towards the Willamette River.     

Groundwater flow in the Fine-Grained Alluvium is generally to the north and east toward the 
Willamette River (Appendices D-8 and D-9).  Groundwater from the southern portion of the RP 
property generally flows east and northeast.  Groundwater from the northern portions of the RP 
property flows to the northeast and north.   

In summary, the Fine-Grained Alluvium is the thickest sediment deposit at the RP property and vicinity 
and has the lowest hydraulic conductivity of the sedimentary sequence.  Overall, groundwater enters 
the Fine-Grained Alluvium from groundwater flow from the Tualatin Mountains and through 
precipitation infiltration into the Artificial Fill, and leaves the Fine-Grained Alluvium through discharge 
to the underlying unit (Alluvial-Colluvial Gravel or CRBG) or to the Willamette River.  There is no 
evidence that vertical upward groundwater movement occurs from the Fine-Grained Alluvium to the 
Artificial Fill across the majority of the RP property vicinity.     

6.2.1.3 Alluvial-Colluvial Gravel  

The Alluvial-Colluvial Gravel occurs at the base of the sediment sequence as a discontinuous veneer 
over the CRBG surface beneath portions of the RP, ESCO, BNSF, Arkema, and Siltronic properties.  
The Alluvial-Colluvial Gravel is interpreted to be associated with one or more mudflows that originated 
in the upland valleys of the Saltzman and Unnamed Creek drainages in the Tualatin Mountains 
(Figure 6-S), and flowed downhill into and downstream within the buried side channel.  The deposit is 
generally poorly-sorted and dominated by sub-angular to sub-rounded gravel-size clasts of CRBG 
supported in a generally fined-grained silt matrix that is likely the Portland Hills Silt.  Near the 
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Willamette River, the Alluvial-Colluvial Gravel was sorted and modified by fluvial activity, based on the 
increased level of rounded clasts and the slight increase in matrix grain size to include sandier 
materials. 

The Alluvial-Colluvial Gravel ranges from approximately less than 2 to 40 feet thick where present, 
and varies with proximity to the Tualatin Mountains and the elevation of the buried side channel 
(Figure 6-T).  The elevation ranges from approximately -15 feet COPD (50 feet bgs) on the RP 
property (Figure 6-I) to at least -65 feet COPD (100 feet bgs) on the Siltronic property (Figure 6-N).  
The Alluvial-Colluvial Gravel commonly classifies as well graded gravel (GP) and silty gravel (GM), 
with lesser amounts of fine sand, silt, and clay.  Laboratory grain size information for the Alluvial-
Colluvial Gravel is presented in Appendices D-3 and D-4.   

The potentiometric surface in the Alluvial-Colluvial Gravel is generally encountered at 5 to 25 feet 
COPD (20 to 25 feet bgs; Appendix D-5).  The hydraulic conductivity ranges from 3 to 63 feet/day 
(1.1E-03 to 2.2E-02 cm/sec) based on variable head (“slug”) tests and pumping test data (Appendix 
D-3).  The geometric mean hydraulic conductivity is 14.1 feet/day (5.0E-03 cm/sec) and is about one 
order of magnitude greater than that of the Artificial Fill (0.8 feet/day) and the Fine-Grained Alluvium 
(1.3 feet/day; Table 6-A).  Horizontal gradients calculated between selected monitoring wells parallel 
to groundwater flow are generally between 0.004 and 0.017 feet/feet (Table 6-A and Appendix D-6).  
Water level contours for the Alluvial-Colluvial Gravel, based on measurements collected in May 2007 
and August 2009, are provided in Appendices D-8 and D-9 respectively.  

Vertical hydraulic gradients between wells screened in the Alluvial-Colluvial Gravel and overlying 
Fine-Grained Alluvium or underlying CRBG ranges from -1.179 to 0.179 feet/feet and are summarized 
in Table 6-A, presented in Appendix D-7, and illustrated on Figure 6-T.  Upward vertical gradients 
exist both from the CRBG to the Alluvial-Colluvial Gravel and from the Alluvial-Colluvial Gravel into 
the Fine-Grained Alluvium, and downward gradients exist both from the Fine-Grained Alluvium to 
Alluvial-Colluvial Gravel and from the Alluvial-Colluvial Gravel to the CRBG.  As groundwater nears 
the lower permeability bedrock ridge that restricts groundwater flow toward the Willamette River, 
upward vertical gradients develop in the central portion of the buried side channel (Figure 6-T).    

Groundwater flow in the Alluvial-Colluvial Gravel is generally to the northeast, toward the Willamette 
River (Appendices D-8 and D-9).  Groundwater flow within this unit is influenced by the configuration 
of the underlying CRBG surface (Figure 6-T).     

In summary, the Alluvial-Colluvial Gravel is limited in extent and thickness and has higher hydraulic 
conductivity than other sediments in the RP property and vicinity.  Overall, groundwater enters the 
Alluvial-Colluvial Gravel near recharge areas in the Tualatin Mountains and through the Fine-Grained 
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Alluvium, and leaves the Alluvial-Colluvial Gravel through discharge to the underlying CRBG and the 
overlying Fine-Grained Alluvium.  The extent to which groundwater directly discharges from the 
Alluvial-Colluvial Gravel to the Willamette River is of limited extent (Figure 6-T).     

6.2.1.4 Troutdale Formation 

The Troutdale Formation is the oldest sedimentary deposit above the CRBG at the RP property and 
vicinity.  The Miocene- to Pliocene-age Troutdale Formation consists of fluvial deposits of the 
ancestral Columbia River (Tolan and Beason, 1984), including cemented gravels, sandstone, and 
mudstone.  The Troutdale Formation is differentiated from the Alluvial-Colluvial Gravel by the 
presence of chert and quartzite gravels and by cementation.  The occurrence of Troutdale Formation 
at the RP property and vicinity is restricted to the bedrock basin beneath the boundary of Siltronic and 
Gasco properties (Figure 6-N).  The Troutdale Formation is laterally and vertically discontinuous from 
the Alluvial-Colluvial Gravel, with a separation of approximately 175 feet laterally and approximately 
80 to 100 feet vertically (Figure 6-N and 6-T).  Where present, the thickness of the Troutdale 
Formation ranges from approximately 5 to 30 feet (Figure 6-T). 

Grain size data are available for one sample taken from the only well (RP-11-216) completed by 
StarLink in the Troutdale Formation (Table 6-A and Appendix D-3).  This sample is classified as silty 
gravel with sand (GM). 

The potentiometric surface in the Troutdale Formation is generally encountered at 5 to 12 feet COPD 
(22 to 28 feet bgs; Appendix D-5).  There are no site-specific data for hydraulic conductivity or 
horizontal gradient because there is only one well completed within the Troutdale Formation that is 
included in the RP investigative program.  The Troutdale Formation beneath the Siltronic and Gasco 
properties is not considered a usable aquifer.  The Troutdale Formation beneath the Siltronic and 
Gasco properties is not of sufficient lateral and vertical extent to support withdrawal of groundwater for 
beneficial use.    

6.2.2 Columbia River Basalt Group 
The CRBG consists of a thick sequence of more than 300 continental tholeiitic flood basalt sheet 
flows that cover portions of western Idaho, Oregon, and Washington.  CRBG flows were erupted 
during a period from about 17 to 6 million years ago (Ma) from north-northwest-trending linear fissure 
systems located in eastern Washington, northeastern Oregon, and western Idaho.  Although CRBG 
eruptive activity spanned an 11 million year period, most of the CRBG flows were emplaced over a 
2.5 million year period from 17 to 14.5 Ma (Swanson et al., 1979a; Tolan and Reidel, 1989; Tolan et 
al., 2009).  The flowage of lava away from the vent systems was directed by major tectonic features 
(i.e., Palouse Slope, Columbia Basin, Columbia Trans-Arc Lowland) and continued regional 
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subsidence (Reidel et al., 1994; Beeson et al.,1989a; Beeson and Tolan, 1990; Reidel and Tolan, 
1992) that combined to produce a westward, regional down-gradient direction.   

Three members of the CRBG have been identified at the RP property and vicinity:  (1) Pomona 
Member of the Saddle Mountains Basalt, (2) Winter Water Member of the Grande Ronde Basalt, and 
(3) Sentinel Bluffs Member of the Grande Ronde Basalt.  These units have been identified on the 
basis of their lithologic characteristics, magnetic polarity, and bulk rock (major oxide) and trace 
element geochemistry.  The sections that follow describe how CRBG units are typically differentiated, 
the specific observations and test results that were used to differentiate the three CRBG units at the 
RP property and vicinity, what the textures and relative positions of each unit indicate about the 
structure of the CRBG, how the structure impacts groundwater flow and connectivity to the Willamette 
River, and how groundwater moves through the upper portion of the CRBG. 

6.2.2.1 Stratigraphic Subdivisions and Identification 

Columbia River flood basalt stratigraphic units are reliably identified and correlated on a regional basis 
(e.g., Swanson et al., 1979a,b; Beeson et al., 1985; Reidel et al., 1989b; Wells et al., 1989; Reidel, 
2005).  The CRBG is divided into five formal formations (Swanson et al., 1979b):  the Imnaha, Grande 
Ronde, Picture Gorge, Wanapum, and Saddle Mountains basalts.  Three of the formations (Grande 
Ronde, Wanapum, and Saddle Mountains basalts) are present in western Oregon and Washington. 

CRBG units are identified using a combination of lithology, paleomagnetic properties, and 
geochemical composition with regards to superposition (Swanson et al., 1979b; Beeson et al., 1985, 
1989a; Reidel et al., 1989b; Wells et al., 1989; Reidel, 1998, 2005).  The most important aspect of the 
lithology of CRBG units is the presence or absence of plagioclase phenocrysts (e.g., Swanson et al., 
1979b; Beeson et al., 1985; Reidel et al., 1989b).  Variation in the relative abundance, sizes, and 
habits of the plagioclase phenocrysts are often the best field diagnostic criteria for certain CRBG 
units.    

Paleomagnetic polarity of CRBG flows (using a portable fluxgate magnetometer in the field) is used to 
identify and map certain CRBG units because laboratory analysis of oriented, small-diameter cores 
possess distinctive paleomagnetic directions (e.g., Rietman, 1966; Kienle, 1971; Coe et al., 1978; 
Choiniere and Swanson, 1979; Van Alstine and Gillett, 1981; Magill et al., 1982; Reidel et al., 1984; 
Beeson et al., 1985; USDOE, 1988; Wells et al., 1989 and 2009).   

Analysis of major and minor oxides and trace and rare earth elements, coupled with other field 
criteria, has been used to establish a regional-scale stratigraphy of the CRBG (Wright et al., 1973, 
1989; Swanson et al., 1979b; Beeson et al., 1985; Reidel et al., 1989b; Wells et al., 1989; Hooper, 
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2000; Reidel, 2005).  CRBG geochemical stratigraphy is similar on a regional scale because of the 
“bulk” geochemical homogeneity of individual CRBG eruptions, despite their huge volumes and 
distances traveled (Wright et al., 1973, 1989; Beeson et al., 1985; Reidel et al., 1989b; Hooper, 2000).  
Generally the most diagnostic compounds and elements are titanium dioxide (TiO2), phosphorous 
oxide (P2O5

Appendix D-10 provides the results of geochemical testing of basalt encountered in borings drilled at 
the RP property vicinity in 2009.  Three different CRBG units were identified in the RP property 
vicinity.  A brief description of each unit is provided in the next sections. 

), chromium, magnesium oxide (MgO), and barium.  The younger Saddle Mountains 
Basalt units typically have a much wider and diverse range of geochemical composition that the other 
older CRBG formations (Wright et al., 1989; Hooper, 2000; Reidel et al., 2002).   

6.2.2.2 CRBG 

The Pomona Member is the youngest of the three members identified and erupted approximately 12 
Ma (Tolan et al., 2009).  The Pomona Member is mapped along the Columbia River both upstream 
and downstream of the Portland basin, but generally is not observed in the Portland basin (Tolan, 
2010a).  A thin layer of the Pomona Member (approximately 2 feet thick) was identified at the RP 
property only at W-09 (Figure 6-G). 

Pomona Member of the Saddle Mountains Basalt  

Field identification of the Pomona Member was based on the presence of plagioclase and olivine 
phenocrysts.  Geochemically, the Pomona Member is differentiated from the Winter Water and 
Sentinel Bluffs Members by the percentage of TiO2 (low; approximately 1%), MgO (high; 
approximately 6%), chromium (very high; approximately 80 parts per million [ppm]), and barium (low; 
less than 200 ppm). 

The Sentinel Bluffs Member is the youngest of the Grande Ronde basalts, but is similar in age to the 
Winter Water Member, erupting approximately 15 Ma.  The Sentinel Bluffs Member was identified at 
five of the seven locations investigated during 2009 including PM-04, W-19, RP-02, RP-24, and RP-
26 (Figures 6-G and 6-O). 

Sentinel Bluffs Member of the Grande Ronde Basalt 

Field identification of the Sentinel Bluffs Member was based primarily on lithology.  The Sentinel Bluffs 
Member is typically observed to be aphyric to sparsely phyric with small plagioclase phenocrysts.  
Geochemically, the Sentinel Bluffs Member is differentiated from the Winter Water Member by the 
percentage of TiO2 (moderately low; slightly less than 2%), chromium (moderate; approximately 30 to 
35 ppm), and barium (moderate; generally around 400 to 500 ppm). 
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The Winter Water Member is the oldest of the three members identified and erupted approximately 15 
Ma.  The Winter Water Member occurs throughout the Portland basin and northern Willamette Valley, 
extending west across the northern part of the Oregon Coast Range out to the Pacific Ocean.  The 
Winter Water Member was identified at four of the seven locations investigated during 2009 including 
W-09, W-19, RP-25, and RP-26 (Figures 6-F, 6-G, and 6-O). 

Winter Water Member of the Grande Ronde Basalt 

Field identification of the Winter Water Member was based primarily on lithology.  The Winter Water 
Member was observed to be sparsely phyric to phyric with small plagioclase phenocrysts.  
Geochemically, the Winter Water Member is differentiated from the Sentinel Bluffs Member by the 
percentage of TiO2

6.2.2.3 RP Property Vicinity Characteristics of CRBG Flows 

 (moderately low; slightly greater than 2%), chromium (low; 7-8 ppm), and barium 
(high; generally greater than 500 ppm). 

Intact CRBG flows have a typical set of features that originate at the time of placement and cooling as 
described in Tolan et al., 2009.  These features include:  flow top, dense interior, and flow bottom, as 
described below: 

● Flow Top – The upper 10 to 20% of the thickness of a flow is typically considered to be the 
flow top, though it can be much thicker.  Flow tops may be glassy or rubbly to brecciated 
and display characteristics that fall between two end member types:  simple vesicular flow 
top and flow top breccias. 

– Vesicular Flow Top – This flow top contains a high percentage of vesicles in a fine-
grained to glassy basalt matrix. 

– Flow Top Breccia – This flow top consists of vesicular but rubbly or brecciated basalt 
that lies above a vesicular or vuggy basalt. 

● Dense Interior – This portion of the flow is nonvesicular, dense, crystalline basalt that 
contains cooling joints which typically form in regular patterns.  The most common patterns 
are entablature-colonnade and columnar-blocky jointed. 

● Flow Bottom – Flow bottom characteristics can vary widely and are dependent upon 
conditions at the time and location of placement.  They can range from a thin, glassy, 
sparsely vesicular zone under dry conditions to formation of a pillow complex if the flow 
encountered water or water-bearing sediments. 

The contact between two flows is known as an interflow zone.  This zone is often where groundwater 
can move the most efficiently through the CRBG.   
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At the RP property and vicinity, vesicular flow tops and flow top breccias were identified above 
columnar-blocky jointed dense interior.  Several interflow zones also were identified. 

The CRBG was altered by multiple physical and chemical processes, including deformation caused by 
tectonic movement and alteration caused by weathering and chemical breakdown.  This resulted in 
characteristics described below. 

● Gouge – Gouge develops on the fault plane and consists of dark gray to black clay, with 
occasional small angular to subangular basalt fragments that have been broken and 
subsequently rounded during tectonic movement.  Gouge was observed in two borings:  
RP-02 and RP-24. 

● Tectonic shatter breccia – Nearly all of the cores examined contained one or more 
“broken” or “shattered” zones that are of tectonic origin.  Tectonic shatter breccias are 
identified by coarse basalt fragments that decrease in size with proximity to the gouge.  
The shatter breccias are often supported by a clay- to silt-size matrix developed from 
mechanical breakdown of the basalt during tectonic movement.  Evidence that supports 
matrix development via mechanical means rather than by fluvial or colluvial deposition 
includes the lack of mica (which is present in Willamette River sediment and in Portland 
Hills Silt), presence of only CRBG fragments within the matrix, and the increasing percent 
of matrix relative to rock fragments in proximity to the gouge.     

● Weathering – Much of the basalt encountered at the RP property and vicinity has 
sustained varying degrees of weathering, ranging from fresh to almost completely altered 
to residual soil.  The flow top breccias appear to have sustained the most severe 
weathering.  

6.2.2.4 Structural Setting and Faulting 

The position of the CRBG units at the RP property and vicinity allowed identification of several faults 
based on observed offsets within a single boring, as well as inferred offsets between borings.  The 
next sections describe the structural setting from published literature and describe the structures 
observed or inferred from the investigations completed in 2009. 

The western boundary of the Portland basin is delineated by the Tualatin Mountains, which consists of 
a broad, complexly faulted, anticlinal fold (Beeson et al., 1989b, 1991; Tolan and Reidel, 1989).  The 
dip of CRBG units in the anticline generally increases away from the crest of the fold.  On the 
northeast limb of the fold, dips general increase from crest (1 to 3 degrees to the east or northeast) to 
the base of the hill (8 to greater than 15 degrees to the east or northeast; Tolan, 2010b).  Where the 
northeast limb of the Portland Hills anticline meets the Portland Basin, it creates a northwest-trending 
lineament that is interpreted as a dextral wrench fault (Portland Hills fault) that delineates one side of 

Structural Setting 
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the Portland pull-apart basin (Beeson, et al., 1985, 1989a; Yelin and Patton, 1991).  Although the 
exact location of the Portland Hills fault has remained elusive, aeromagnetic studies (Blakely, et al., 
1995) suggest that there may be two main faults in this zone (Portland Hills fault and East Bank fault), 
one on each side of the Willamette River.  Wong et al. (2001) interpreted these faults as dextral high-
angle, oblique-slip faults.  The amount of “collective” apparent vertical stratigraphic offset across these 
two faults is estimated to range from 500 to greater than 800 feet.  No creditable, field-based 
estimates of the amount of dextral strike-slip offset across these faults have been made to date.  The 
RP property is situated between the inferred traces of these major faults. 

The intensity of structural deformation observed in cores from the RP property and vicinity cores is 
most likely attributable to the location of the RP property between two major northwest-trending, 
dextral strike-slip faults (Portland Hills and East Bank faults).  Differences in the subsurface elevations 
of the CRBG units from the 8 logged CRBG core holes, and the presence of a stratigraphic repeat in 
well W-19-210, suggest the presence of at least two faults beneath the RP property and vicinity 
(Figure 6-P).  Both faults are interpreted to have a general north-northwest-trend and create a 
structural low, or graben.  Both faults (A and B) are interpreted to align with topographic changes in 
the basalt surface (Figures 6-P and 6-U).   

Faulting 

It was not possible to determine the amount of apparent vertical stratigraphic offset across most of the 
tectonic shatter breccia features.  However, in well W-19-210, the Winter Water Member was 
juxtaposed over the Sentinel Bluffs Member across a tectonic shatter breccia zone (Figure 6-O).  The 
amount of apparent vertical stratigraphic offset across this fault is estimated to be on the order of 
approximately 122 feet.  This off-setting disrupts the horizontal continuity of basalt features. 

6.2.2.5 Groundwater Flow through the CRBG at the RP Property and Vicinity 

The potentiometric surface in the CRBG is generally encountered at 4 to 40 feet COPD (6 to 32 feet 
bgs; Appendix D-5).  The CRBG typically has hydraulic conductivity values ranging from about 1 to 59 
feet/day (3.5E-04 to 2.1E-02 cm/sec) based on variable head (“slug”) test and pumping test data 
(Appendix D-3).  The geometric mean hydraulic conductivity is 5.9 feet/day (2.1E-03 cm/sec) and is 
about one order of magnitude higher than that of the Artificial Fill (0.8 feet/day) and the Fine-Grained 
Alluvium (1.3 feet/day) and is slightly lower than the Alluvial-Colluvial Gravel (14.1 feet/day; Table 6-
A).  Hydraulic conductivities at monitoring wells screened in dense interior and matrix-supported 
shatter breccias range from less than 1 to 3.5 feet/day (3.5E-04 to 1.2E-03 cm/sec).  Hydraulic 
conductivities at monitoring wells screened in shatter breccias with limited matrix range from 7 to 59 
feet/day (2.5E-03 to 2.1E-02 cm/sec).  Horizontal hydraulic gradients calculated between selected 
monitoring wells parallel to groundwater flow generally are between 0.000 and 0.011 feet/feet (Table 
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6-A; Appendices D-6, D-8 and D-9).  Water level contours for the CRBG, based on measurements 
collected in May 2007 and August 2009, are provided in Appendices D-8 and D-9 respectively.  

Vertical hydraulic gradients measured between wells completed in the CRBG wells versus the 
Alluvial-Colluvial Gravel or Fine-Grained Alluvium wells range from -0.065 to 0.225 feet/feet.  Between 
monitoring wells screened in the CRBG, both upward and downward vertical gradients exist, ranging 
from -0.065 to 0.002 feet/feet.  Vertical gradient data are summarized in Table 6-A, presented in 
Appendix D-7, and illustrated on Figure 6-U.  Near the Tualatin Mountains, the vertical gradients are 
generally downward.  As groundwater nears the lower permeability bedrock ridge that restricts 
groundwater flow towards the Willamette River, upward vertical gradients develop in the central 
portion of the buried side channel.  Though vertical gradients are variable closer to the Willamette 
River between the Fine-Grained Alluvium and CRBG (e.g., W-19 well cluster on Arkema property), 
there is no indication of vertical upward gradients existing between the Fine-Grained Alluvium and the 
Artificial Fill where they overly the bedrock ridge.  At bedrock surface elevations below approximately -
80 feet COPD, particularly near the Willamette River, the vertical gradients are downward within the 
CRBG (Appendix D-7).   

Groundwater flow in the CRBG is generally to the northeast and north as groundwater flow 
encounters the bedrock ridge, where groundwater flow is diverted to the north around the highest 
portion of the bedrock ridge (Appendices D-8 and D-9).  Groundwater flow in the CRBG is generally 
downward near the RP property and becomes primarily horizontal at N.W. Front Avenue towards the 
Willamette River.  Groundwater flow does not appear to be substantially controlled by individual 
CRBG features (e.g., faults or interflow zones), but moves within the CRBG uniformly.  No preferential 
pathways have been identified in the CRBG based on hydraulic conductivity testing, degree of 
weathering and the fine-grained matrices supporting the tectonic shatter breccias.  Groundwater 
elevations in monitoring wells screened in the CRBG are tidally influenced based on transducer 
studies conducted in the RP property vicinity (AMEC, 2009ee).  However, based on bedrock surface 
mapping (Figure 6-P) and cross section interpretation of CRBG units, sediments (e.g., Fine-Grained 
Alluvium and/or Alluvial-Colluvial Gravel) separate the CRBG and the water column in the Willamette 
River.  

In summary, three CRBG units have been identified.  Bedrock surface topography and the position of 
the CRBG units indicate the presences of at least two faults within the RP property and vicinity.  
Groundwater flow toward the Willamette River is relatively uniform, with the exception of a diversion 
around the highest portion of the bedrock ridge near the Willamette River under Arkema property.  
The uniformity of groundwater flow in the CRBG is believed to be caused by the extensive shattering 
from tectonic movement and alteration of weaker interflow zones that minimizes and slows flow within 
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the CRBG, and precludes preferential pathways for contaminant migration.  Overall, groundwater 
enters the CRBG near recharge areas in the Tualatin Mountains and through the Fine-Grained 
Alluvium and Alluvial-Colluvial Gravel, and leaves the CRBG through discharge to the overlying Fine-
Grained Alluvium and Alluvial-Colluvial Gravel, and to some limited extent to the Willamette River 
through overlying river sediments (Figure 6-U). 

6.2.3 Groundwater Flow at the RP Property and Vicinity 
The groundwater flow system at the RP property and vicinity follows a predictable pattern within four 
stratigraphic units (Artificial Fill, Fine-Grained Alluvium, Alluvial-Colluvial Gravel, and CRBG).  
Recharge to all units of the groundwater system occurs primarily from the Tualatin Mountains and 
downward infiltration from overlying units.  Groundwater discharge occurs to local surface water 
bodies including the Willamette River, or as regional outflow through the deeper stratigraphic units 
(Figure 6-V).      

The individual characteristics of groundwater flow in the various stratigraphic units have been 
provided above.  In summary: 

6.2.3.1 Artificial Fill 

● The Artificial Fill is heterogeneous and consists of variably textured dredge spoils from the 
Willamette River intermixed with miscellaneous debris such as brick, gravel, foundry 
sands, wire, concrete, and battery casings.  MGP residues, lampblack and/or pencil pitch 
material, solidified tar, and oil are observed north of the BNSF embankment on Siltronic 
and NW Natural/Gasco properties.    

● The geometric mean of the hydraulic conductivity values is 0.8 feet/day (2.9E-04 cm/sec), 
which is similar to the Fine-Grained Alluvium, and is an order of magnitude lower than the 
Alluvial-Colluvial Gravel. 

● Horizontal gradients range between 0.000 to 0.036 feet/feet  

● Based on the above values, the estimated rate of groundwater flow in the Artificial Fill 
ranges from 0 feet/year to 11 feet/year.  

● Vertical gradients across the RP property and vicinity are consistently downward from the 
Artificial Fill to the Fine-Grained Alluvium and range from 0.001 to 0.462 feet/feet.   

● Groundwater enters the Artificial Fill from surface infiltration in the Tualatin Mountains and 
directly on the Artificial Fill in the valley and leaves the Artificial Fill by discharging to local 
surface water bodies or to the underlying Fine-Grained Alluvium.   

● The direction of groundwater flow in the Artificial Fill generally follows topography, with a 
downstream component of flow to the north as influenced by the sloping river elevation and 
river basin terrain. 
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● The Artificial Fill is seasonally unsaturated; the Artificial Fill at the RP property and vicinity 
does not provide a continuous complete groundwater pathway to the Willamette River. 

6.2.3.2 Fine-Grained Alluvium 

● The Fine-Grained Alluvium is relatively uniform and consists primarily of micaceous silts 
deposited by the Willamette River. 

● The geometric mean hydraulic conductivity of 1.3 feet/day (4.4E-04 cm/sec) is similar to 
the Artificial Fill and is an order of magnitude lower than the Alluvial-Colluvial Gravel.  

● Horizontal gradients are generally between 0.002 and 0.015 feet/feet. 

● Based on the above values, the estimated rate of groundwater flow in the Fine-Grained 
Alluvium ranges from 0.9 feet/year to 7.1 feet/year. 

● Vertical gradients within the Fine-Grained Alluvium are variable and range from -0.223 to 
0.225 feet/feet.   

● Groundwater enters and moves downward in the Fine-Grained Alluvium from surface 
infiltration in the Tualatin Mountains and from the Artificial Fill.  Groundwater moves 
downward and leaves the Fine-Grained Alluvium through discharge to the underlying unit 
(Alluvial-Colluvial Gravel or CRBG) or to the Willamette River.  There is no evidence that 
vertical upward groundwater movement occurs from the Fine-Grained Alluvium to the 
Artificial Fill across the majority of the RP property vicinity. 

● Groundwater flow in the Fine-Grained Alluvium is generally to the north and east toward 
the Willamette River. 

6.2.3.3 Alluvial-Colluvial Gravel 

● The Alluvial-Colluvial Gravel deposit is generally limited in extent, and is poorly-sorted and 
dominated by sub-angular to sub-rounded gravel-size clasts of CRBG supported in a 
generally fined-grained silt matrix that is likely the Portland Hills Silt.   

● The geometric mean hydraulic conductivity is 14.1 feet/day (5.0E-03 cm/sec) and is about 
one order of magnitude greater than that of the Artificial Fill and the Fine-Grained Alluvium. 

● Horizontal gradients are generally between 0.004 and 0.017 feet/feet. 

● Based on the above values, the estimated rate of groundwater flow in the Alluvium-
Colluvium Gravel ranges from 20.6 feet/year to 87.5 feet/year. 

● Vertical gradients between wells screened in the Alluvial-Colluvial Gravel and overlying 
Fine-Grained Alluvium or underlying CRBG ranges from -1.179 to 0.179 feet/feet.   

● Groundwater enters the Alluvial-Colluvial Gravel near recharge areas in the Tualatin 
Mountains and through the Fine-Grained Alluvium, and leaves the Alluvial-Colluvial Gravel 
through downward discharge to the underlying CRBG near the Tualatin Mountains and 
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upward discharge to the overlying Fine-Grained Alluvium closer to the Willamette River.  In 
the central portion of the RP vicinity, flow is predominantly horizontal.   

● Groundwater flow in the Alluvial-Colluvial Gravel is generally to the northeast, and north 
around the bedrock ridge toward the Willamette River.   

● The extent to which groundwater directly discharges from the Alluvial-Colluvial Gravel to 
the Willamette River is of limited extent. 

6.2.3.4 Troutdale Formation  

● The Troutdale Formation is the oldest sedimentary deposit above the CRBG at the RP 
property and vicinity.  The occurrence of Troutdale Formation at the RP property and 
vicinity is restricted to the bedrock basin beneath the Siltronic and Gasco properties. 

● The thickness and extent of the Troutdale Formation beneath the Siltronic and Gasco 
properties is not sufficient to support withdrawal of water for beneficial use. 

6.2.3.5 CRBG 

● Three members of the CRBG have been identified at the RP property and vicinity:  (1) 
Pomona Member of the Saddle Mountains Basalt, (2) Winter Water Member of the Grande 
Ronde Basalt, and (3) Sentinel Bluffs Member of the Grande Ronde Basalt.   

● Significant faulting has occurred in the RP vicinity resulting in shatter breccias and 
alteration of the basalt.  These conditions have off-set the basalt flows and do not allow the 
presence of preferred groundwater pathways through the basalt in the RP vicinity.  

● The geometric mean hydraulic conductivity is 5.9 feet/day (2.1E-03 cm/sec) and is about 
one order of magnitude higher than that of the Artificial Fill and the Fine-Grained Alluvium 
and is slightly lower than the Alluvial-Colluvial Gravel. 

● Horizontal gradients are between 0.000 and 0.011 feet/feet. 

● Based on the above values, the estimated rate of groundwater flow in the CRBG ranges 
from 0 feet/year to 23.7 feet/year. 

● Vertical gradients measured between CRBG wells and the Alluvial-Colluvial Gravel or 
Fine-Grained Alluvium ranges from -0.065 to 0.225 feet/feet. 

● Groundwater enters the CRBG near recharge areas in the Tualatin Mountains moving 
downward from the Fine-Grained Alluvium and Alluvial-Colluvial Gravel, and leaves the 
CRBG through upward discharge to the overlying Fine-Grained Alluvium and Alluvial-
Colluvial Gravel, and to some limited extent to the Willamette River through overlying river 
sediments. 

● Groundwater flow in the CRBG is generally to the northeast and north as groundwater flow 
encounters the bedrock ridge where groundwater flow is diverted to the north around the 
highest portion of the bedrock ridge.   
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6.2.3.6 Summary of Groundwater Flow at the RP Property and Vicinity  

The groundwater system at the RP property and vicinity consists of the Artificial Fill, Fine-Grained 
Alluvium, Alluvial-Colluvial Gravel, and CRBG.  Recharge to all units of the groundwater system 
occurs primarily from the Tualatin Mountains and downward infiltration from overlying units.  
Groundwater discharge occurs at surface water bodies, the Willamette River, or as regional outflow 
through the deeper CRBG (Figures 6-C and 6-V).      

The groundwater system is unconfined with no significant horizontally extensive features (such as 
clay layers) that can separate the overall vertical sequence of sediments into unconfined and confined 
systems.  Vertical gradients, water elevations, and lack of strong contrast in hydraulic conductivity 
between units indicate vertical movement between units with the direction being dependent on the 
location within the flow system; however there is no evidence that vertical upward groundwater 
movement occurs from the Fine-Grained Alluvium to the Artificial Fill.  

Hydraulic conductivities (geometric mean) of the four stratigraphic units are within one order of 
magnitude of each other.  Based on RP property and vicinity groundwater elevations, groundwater 
velocities range from 0 to 87.5 feet/year, with the greatest water flux through the Alluvial-Colluvial 
Gravel and CRBG.  Groundwater flow directions are generally to the northeast and north.  As 
groundwater flow encounters the bedrock ridge, groundwater flow is diverted to the north around the 
highest portion of the ridge.   

Groundwater discharge to the Willamette River is primarily through the Alluvial-Colluvial Gravel and 
potentially from the upper portions of the CRBG (Figure 6-V).  Discharge from the Fine-Grained 
Alluvium and the Artificial Fill is limited due to slow groundwater velocities and limited saturated extent 
of Artificial Fill (Table 6-A; Figures 6-Q and 6-R).   

6.2.4 Drainage and Surface Water Flow at the RP Property and Vicinity 
Surface water features at the RP property and vicinity include one lake, several small streams, and 
the Willamette River.  These features accept and convey surface water across the RP property and 
vicinity and influence shallow groundwater.  The following sections summarize the origin and 
characteristics of each surface water feature pertinent to the RP Hydrogeologic CSM. 

6.2.4.1 Tualatin Mountain Drainages 

Three main drainages convey surface water from the Tualatin Mountains west of the RP property to 
the Willamette River.  These consist of Saltzman Creek, Unnamed Creek, and Doane Creek as 
shown on Figure 6-S.   
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Saltzman Creek originates west of Highway 30 and is the southernmost drainage in the RP property 
and vicinity.  The Saltzman Creek drainage collects surface water flow from approximately 976 acres 
in the Tualatin Mountains and is labeled drainage basin “B” on Figure 6-S.  Saltzman Creek is an 
ephemeral stream, discharging to the Willamette River at an unofficial City stormwater outfall located 
on the Willbridge property (City Outfall 22A; Figure 6-S).  Saltzman Creek is sufficiently distant from 
the RP property to have no influence on groundwater flow in the RP property and vicinity.  

Saltzman Creek 

The Unnamed Creek originates west of Highway 30, near the central portion of the RP property and 
vicinity, and discharges to NDL through a culvert in the BNSF railroad embankment.  The Unnamed 
Creek drainage collects surface water flow from approximately 283 acres in the Tualatin Mountains 
and is labeled drainage basin “C” on Figure 6-S.  Surface water from the Unnamed Creek discharges 
to the Willamette River through NDL, NDP, and the City Outfall 22C storm sewer system (Figure 6-S).  
The Unnamed Creek does not influence groundwater flow in the RP property and vicinity.  

Unnamed Creek 

Doane Creek originates west of Highway 30 and is the northernmost drainage in the RP property and 
vicinity.  The Doane Creek drainage collects surface water flow from approximately 804 acres in the 
Tualatin Mountains and is labeled drainage basin “D” on Figure 6-S.  To the east of Highway 30, 
Doane Creek is a man-made ditch constructed in the late 1960s to convey surface water around filling 
activities completed on the Siltronic property at that time (HAI, 2006).  This man made portion of 
Doane Creek receives flow seasonally, primarily during the winter months, from the head of Doane 
Creek in the Tualatin Mountains west of Highway 30.  During summer months, Doane Creek is mostly 
dry, with summer flow from runoff during the rare summer rain event.  Doane Creek discharges to 
NDP, which also receives inflow from NDL, prior to entering the City Outfall 22C storm sewer system 
that discharges to the Willamette River (Figure 6-S).  Groundwater flow direction in the Artificial Fill 
appears to be influenced by Doane Creek based on the interpreted water level contours provided in 
Appendices D-8 and D-9.  

Doane Creek 

The RP property does not and has not historically had a direct, piped connection to Doane Creek or 
the City Outfall 22C storm sewer, nor is there an overland flow connection from the RP property to the 
22C system.  As provided in Section 6.2.1.1 Artificial Fill and as shown on Figure 6-Q, downward 
vertical gradients exist predominately across the RP property and vicinity in the Artificial Fill, and 
specifically north of the BNSF railroad embankment.  These downward gradients prevent a completed 
pathway from RP source areas to the 84-inch-diameter City Outfall 22C storm sewer system. 
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6.2.4.2 Former West Doane Lake 

Former WDL was situated south of the BNSF railroad embankment in an area formerly occupied by 
Doane Lake (Figure 2-A).  WDL was created by filling of former Doane Lake (Section 6.2.1.1).  By the 
end of 1977, WDL reached its final configuration.  The WDL IRAM eliminated WDL in 2010 by 
stabilizing, solidifying, and capping the stabilized sediments (Section 5.4). 

WDL had a surface area of approximately 1 acre and, during wet weather months, a maximum depth 
of about 4 feet.  During summer months, the northern portion of the lake was typically dry, and the 
depth of the remainder of the lake was typically approximately 1 foot or less.   

Water in the southern portion of WDL was a surface expression of the water table.  When the lake 
was present it interacted with shallow groundwater and generally acted as a flow through lake system.  
Water was gained from stormwater runoff from the LADD and groundwater recharge in the southern 
portion of the lake (see Section 6.2.1.1 Artificial Fill).  Water was lost through evaporation and 
discharge from WDL to shallow groundwater at the northern end of WDL.     

Water levels measured in WDL were consistently higher than those measured in NDL, suggesting 
these two surface water bodies were not well connected hydraulically through groundwater (Appendix 
D-11).  Historically, a connection may have existed between WDL and NDL when the configuration of 
each lake was significantly different before installation of the northern railroad embankment in 1970. 

6.2.4.3 North Doane Lake 

NDL is surrounded by the BNSF railroad embankment (Figure 1-B).  NDL is approximately 6.3 acres 
and has a maximum depth of approximately 5 feet.  The size of the lake varies seasonally and is 
typically much shallower than 5 feet.  NDL receives inflow from groundwater, from stormwater runoff 
from the BNSF embankments that surround NDL and from drainages originating west of Highway 30.  
Surface water from NDL is lost to evaporation, seepage to shallow groundwater, and water flow 
through a 48 inch diameter pipe at the lake’s northwest corner into the NDP.  Water from the NDP 
subsequently drains to City Outfall 22C storm sewer system. 

Historical documentation and aerial photographs suggest that there was some hydraulic connection 
between the former Doane Lake and early configurations of NDL through the railroad embankment in 
and prior to the 1960s.  This connection also is suggested by detection of some RP-related 
constituents in NDL sediment along the south arm of the lake during a 2003 sampling event.   

Since 1995 a beaver dam was constructed which allowed the surface water elevation in NDL to rise, 
suggesting a change in hydrology that would limit flow of groundwater from the NPA to NDL.  A 



 

AMEC Earth & Environmental, Inc. 
68 Project No.:  0-61M-107030/Phase 0104/T6 
 K:\10000\10700\10703\0100 RI-FS-ROD\0104 RI Report\Draft RI\RI-SCE Report.Docx 

beaver dam is still present near the discharge culvert from NDL to NDP.  The degree to which 
seepage occurs through lake bottom sediments is expected to be low, as vertical conductivity of lake 
sediments has allowed NDL to form as a water body.   

6.2.4.4 Willamette River 

Although the Columbia River and Pacific Ocean are not located in the immediate vicinity of the RP 
property, their connectivity to the Willamette River can be observed through slight tidal fluctuations in 
groundwater and surface water elevations at the RP property and vicinity.  Tidal fluctuations on 
Willamette River average approximately 2.5 feet, as observed at the USGS gauging station at the 
Morrison Bridge in Portland, Oregon, approximately 5 river miles upstream of the BNSF railroad 
bridge.  Fluctuations in water level elevations from tidal influence are observed as far upland as N.W. 
Front Avenue in the Fine-Grained Alluvium, Alluvial-Colluvial Gravel, and CRBG stratigraphic units 
(AMEC, 2009ee). 

The LWG conducted an evaluation of groundwater discharge to the Willamette River for the Portland 
Harbor RI/FS.  Groundwater discharge to the Willamette River was measured at multiple locations 
within the Portland Harbor study area.  The LWG measured groundwater discharge at ten locations 
off-shore of the Siltronic and Arkema properties (LWG, 2006).  The measurements were made in fall 
and early winter of 2005 under presumed maximum discharge conditions when river stage is usually 
lowest.  The ten monitoring locations were primarily located between the riverbank and the navigation 
channel, but two locations downstream of the railroad bridge were within the navigation channel 
(LWG, 2006).  The average groundwater discharge ranged from 1.6 (i.e., recharge of water from river 
to groundwater) to 14 centimeters per day (cm/day), with maximum discharge of 0.7 to 29 cm/day.  
The average discharge for the two monitoring locations within the navigation channel ranged from 1.6 
to 1.2 cm/day, with maximum discharge ranging from 2.8 to 3.5 cm/day.   

The LWG sampling identified two potential discharge zones (LWG, 2006) where groundwater 
discharges at a higher rate than at nearby locations, as illustrated on Figure 6-T and described below: 

1.  One discharge zone is located off the Siltronic property and is associated with a sand 
patch in the Willamette River bottom just north (downstream) of the railroad bridge at an 
elevation of approximately -20 to -45 feet COPD (Figure 6-T).  The sand patch was 
delineated by surface sediment profile image stations, specifically transects 44, 45, and 
46, where the major grain size for each transect was interpreted as fine grain sand 
(LWG, 2002).  Average discharge ranges from  1.6 to 14 cm/day and maximum 
discharge ranged from 2.2 to 29 cm/day.   

2.  The LWG also inferred a groundwater discharge zone located off Arkema Lot 1 and Tract 
A property within a mixed silt and sand area south (upstream) of the railroad bridge at an 
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elevation of approximately -10 to -30 feet COPD (Figure 6-T).  The inferred discharge 
zone offshore of Arkema Lot 1 is based on a single monitoring point having a maximum 
discharge of 6.7 cm/day.   

The discharges measured in each of these two zones suggest there is the potential for groundwater to 
discharge to the Willamette River in these areas at a higher rate than in surrounding areas.  The local 
discharge rates can vary from the area-wide average rates of 0.3 to 3 cm/day estimated by the USGS 
(Morgan and McFarland, 1996).  One possible reason for variation is that LWG collected the samples 
during periods of maximum flux when variation in discharge rates would be most readily observed.   

The first discharge zone correlates to geology.  Cross section A-A’ (Figure 6-F) illustrates that the 
Alluvial-Colluvial Gravel occurs near the river bottom where the sand patch was mapped by the LWG.  
The proximity of the Alluvial-Colluvial Gravel (the hydraulic conductive unit in the RP property vicinity) 
to the discharge zone (sand patch) with above average discharge rates suggests a correlation 
between the Alluvial-Colluvial Gravel and the sand patch.  This correlation would then further suggest 
that discharge to the Willamette River outside the Alluvial-Colluvial Gravel discharge would be limited.  
Discharge at the inferred groundwater discharge zone offshore of Arkema Lot 1 and Tract A property 
is slightly greater than the area-wide averages for this section of the Willamette River.    

7.0 POTENTIAL TRANSPORT PATHWAYS 

This section describes potential constituent migration pathways relevant to the RI or SCE.  Potential 
migration pathways for the RI are important for assessing potential human or ecological receptor 
exposure to RP-related constituents.  Potential migration pathways for the SCE consider the potential 
transport of constituents to receptors at the Willamette River.  SCE pathways are discussed further in 
Sections 15 and 16.   

The potential RI or SCE constituent migration pathways are:   

● Groundwater 

● Stormwater, Surface Water, and Sediment 

– Former Doane Lake/Former WDL  

– NDL 

– HDD 

– Stormwater/Non-stormwater  

 On-Property Stormwater 
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 Overland Transport 

 City Outfall 22A storm sewer system 

 City Outfall 22B storm sewer system 

 City Outfall 22C storm sewer system 

● Air 

– Subsurface Vapor 

– Dust 

Each pathway is described in relation to the RP RI or SCE, the potential transport mechanisms, 
investigations conducted, and non-RP sources of constituents to the pathway.  

7.1 GROUNDWATER PATHWAY 

7.1.1 Pathway Description 
The groundwater pathway is described in the CSM in Section 6.  General groundwater flow at the RP 
property and vicinity is depicted on Figure 6-V.  In general, groundwater flows from the Tualatin 
Mountains toward the River.       

Groundwater may act as a pathway for constituent transport through a number of mechanisms:  1) 
discharge into surface water bodies, 2) infiltration into storm sewer lines and subsequent discharge to 
the Willamette River, and 3) contact with soil and sediment.     

7.1.2 Pathway Investigations 
The groundwater investigations at and in the vicinity of the RP property include numerous 
groundwater monitoring events, hydrogeologic investigations, remedial pilot study investigations, and 
investigations conducted during IRAM activities.  The groundwater investigation events are discussed 
in Section 4.2 and analytical results are discussed in Section 8. 

7.1.3 Non-RP Constituent Sources to Pathway 
Properties adjacent to and downgradient from the RP property have documented releases of 
hazardous materials to soil and groundwater or have documented groundwater contamination.  These 
include Gasco, Siltronic, NL/Gould, Schnitzer/Air Liquide, ESCO, Metro, GS Roofing, BNSF, Kinder 
Morgan/Willbridge, and Arkema sites.  Contamination from activities at these properties overlaps with 
constituents from RP, often at higher concentrations than at the RP property.  Non-RP constituent 
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sources to groundwater are summarized in Section 3.2, and selected sites are discussed in more 
detail in Appendix L.   

7.2 STORMWATER, SURFACE WATER, AND SEDIMENT PATHWAYS 

7.2.1 Area Hydrology 
A summary of surface hydrology in the RP property vicinity is provided as context for discussion of the 
stormwater, surface water, and sediment transport pathways.   

Surface water features in the RP property vicinity include one lake, several small streams, and the 
River.  These features convey surface water and influence shallow groundwater.  The configuration of 
surface water features and flow of surface water in the RP property vicinity has changed over time, 
affecting constituent migration pathways. 

Currently, surface runoff at the RP property either infiltrates or is captured by the storm sewer system.  
Water captured by the storm sewer system is treated by the WTP.  Surface runoff in the NPA, if any, 
either infiltrates or is captured by the WDL IRAM stormwater system.  Historically, surface runoff at 
the RP property either infiltrated or flowed through a ditch to Doane Lake and later WDL.  By 1980, 
outflow from WDL was eliminated.  

Filling of Doane Lake began sometime around 1906 to 1908 with the construction of a railway and 
associated bridge across the River.  Between 1906 and 1915 the Spokane Portland and Seattle 
Railway constructed what is referred to as the BNSF embankment that bisected Doane Lake.  This 
was the first major placement of fill at the RP property vicinity and created an early NDL remnant of 
Doane Lake.  Seepage from Doane Lake through the railroad embankment to the NDL remnant and 
then to former Morgan Creek reportedly occurred during the mid-1960s until the northern railroad spur 
that confines NDL was constructed in the late 1960s.  Morgan Creek, when it existed, flowed north 
and east toward the River (Appendix A; 1961, 1963 photographs). 

Industrialization of the former Doane Lake area began in the 1930s, and in the late 1940s significant 
amounts of fill material were added to the lake.  From the mid-1950s through the mid-1970s, Doane 
Lake was filled with wastes, soil, and various fill materials from industrial activities on adjacent 
properties including RP, ESCO, NL/Gould, and Schnitzer/Air Liquide.  Doane Lake also may have 
received fill from River dredging (Appendix A; 1951 photograph) and stormwater and wastewater from 
surrounding properties.  The portion of Doane Lake on the NPA was filled during the 1960s and early 
1970s.  About 1969, fill material again bisected Doane Lake to create EDL and WDL.   
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EDL, which covered part of the NL/Gould and Schnitzer properties, was filled after the soil remedy at 
the NL/Gould Superfund Site was completed in 2000 (Appendix A; 2002 photograph).  The filled EDL 
is referred to as “former EDL”.   

The final configuration of WDL was reached by the end of 1977.  WDL was eliminated by in-situ 
solidification/stabilization and related work completed in November 2010 during the WDL IRAM 
(Section 5.4).  The solidified and capped WDL is referred to as “former WDL”.  Doane Lake and WDL 
are described in Section 6. 

NDL is a triangular shaped surface water body located north of the RP property and surrounded on all 
three sides by railroad embankments.  NDL is approximately 6.3 acres and has a maximum depth of 
approximately 5 feet.  NDL receives inflow from groundwater, from stormwater runoff from the BNSF 
embankments that surround NDL, and from drainages originating west of Highway 30.  Surface water 
from NDL is lost through transpiration and groundwater outflow, and through a 48 inch diameter pipe 
at the lake’s northwest corner into the NDP.  Water from the NDP subsequently drains to the City 
Outfall 22C storm sewer system.  A description of NDL, NDP, and the City Outfall 22C system is 
presented in Section 6.  

7.2.2 Former Doane Lake/Former WDL Pathway 
7.2.2.1 Pathway Description 

Doane Lake and its more recent remnants WDL and EDL represent historical surface water pathways 
that no longer exist.  A portion of former Doane Lake was on a portion of the RP NPA property (Figure 
7-A).   

Former Doane Lake received fill and waste from multiple parties and was a potential historical surface 
water pathway to the River during limited periods of time when there was periodic overflow to the 
HDD.  At some point prior to 1955 and prior to chlorophenoxy herbicide manufacturing operations at 
the RP property, it appears that Arkema’s predecessor constructed a dike approximately along the 
current alignment of NW Front Avenue that appeared to prevent flow from former Doane Lake to the 
River (Appendix A; 1955 photograph).  By December 1980 periodic overflow from former WDL to the 
HDD was prevented by raising the earthen berm at the northern end of the lake.   

7.2.2.2 Pathway Investigations 

Surface water at former WDL was investigated as discussed in Sections 4 and 5.  Results of the 
investigations are discussed in Section 8. 
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7.2.2.3 Non-RP Constituent Sources to Pathway 

Third party sources contributing to former Doane Lake and former WDL include ESCO, NL/Gould, 
Schnitzer, Air Liquide, BNSF, and any other entities that historically discharged into former Doane 
Lake or its remnants, including runoff from Highway 30 and other upgradient properties, and general 
industrial area aerial deposition.  These non-RP constituent sources to former Doane Lake and former 
WDL are provided in Section 3.2. 

7.2.3 NDL Pathway 
7.2.3.1 Pathway Description 

Historical documentation and aerial photographs suggest that there was some hydraulic connection 
between former Doane Lake and early configurations of NDL through groundwater seepage through 
the railroad embankment in and prior to the 1960s (Appendix A).  The railroad embankment that forms 
the present-day northern boundary of NDL was completed in 1969, and likely lessened the hydraulic 
connection between Doane Lake and NDL by impounding the water and raising the water level in 
NDL.  Since then, a beaver dam was constructed near the 48-inch outlet pipe to NDP, allowing the 
surface water elevation in NDL to rise, and further limiting flow of groundwater from WDL and the NPA 
to NDL.  A beaver dam is still present near the discharge culvert from NDL to NDP.  The degree to 
which seepage occurs through lake bottom sediments is expected to be low, because the vertical 
conductivity of the lake sediments has allowed NDL to form as a water body.  

RP-related constituents in NDL detected in sediment along the south margin of the lake supports a 
possible historical connection with former Doane Lake.  Detections of constituents in NDL surface 
water in 1995 that were not detected in 2003 also support a change in hydrology due to the beaver 
dam construction.  Further discussion of individual constituent classes in NDL is found in Section 8. 

7.2.3.2 Pathway Investigations 

Media evaluated at NDL include sediment, surface water, pore water, groundwater, and biota.  
Investigations related to NDL are discussed in Sections 4.4 and 4.5.  Results of the investigations are 
discussed in Section 8.  Additional analysis of the potential for receptor exposure to constituents in 
NDL is provided in the Final NDL HHRA (AMEC, 2010o). 

7.2.3.3 Non-RP Constituent Sources to Pathway 

Several third parties have contributed to constituents in NDL including Gasco, Koppers, BNSF, Kinder 
Morgan/Santa Fe Pacific Pipeline, and potential unidentified contributors to flow from Highway 30, and 
the Forest Park area.  Additionally, gypsy moth control programs in Tualatin Mountains and run-off 
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from Highway 30 have likely contributed insecticides to NDL.  Non-RP constituent sources to NDL are 
discussed in Section 3.2 and Appendix L.   

7.2.4 HDD Pathway 
7.2.4.1 Pathway Description 

The HDD is located between the BNSF railroad tracks and NW Front Avenue, northeast of former 
WDL (Figure 7-A).  The southwestern end of the HDD is located approximately 700 feet northeast of 
the RP property, on property owned by BNSF and the City.  The HDD is approximately 600 feet in 
length.  The HDD was a potential historical surface water pathway to the River during limited periods 
of time when there was limited periodic overflow to the HDD from former Doane Lake, which received 
fill and waste from multiple parties.  Aerial photographs suggest periodic overflow from Doane 
Lake/WDL in the early 1970s.  By December 1980 periodic overflow from former WDL to the HDD 
was prevented by raising the earthen berm at the northern end of the lake.   

The presence of a ditch is not seen in available aerial photographs prior to 1967.  In 1979 and 1980, 
storm sewer pipes associated with construction of City Outfall 22B were installed near the HDD and 
located approximately 7 to 11 feet bgs, near existing sanitary lines located approximately 18 to 23 feet 
bgs.  Because of the size and depths of these pipes, it is likely that the soil in the HDD area was 
disturbed.   

The HDD and immediately surrounding area are vegetated and unpaved.  Local precipitation 
infiltrates and does not flow through the HDD, and the HDD does not receive flow from surrounding 
areas.  A 24 inch corrugated steel culvert at the HDD’s northeastern end extends beneath NW Front 
Avenue to the Riverbank.  This pipe is designated as WR-213 in City and Portland Harbor databases.  
During the RI investigations, AMEC has not observed flow in the HDD or discharge to the River, even 
during and subsequent to periods of heavy rainfall, including during a recent observation on October 
26, 2010, on a day that received 0.13 inches of precipitation.  A cutoff valve in the 24-inch pipe 
designed to stop potential flow from the River back into the HDD is scheduled for installation in 2010 
as an IRAM (AMEC, 2010t). 

DEQ requested that bank erosion be included as a potentially complete pathway for the SCE because 
surface soils from the HDD may have been deposited on the bank.  DEQ considers the HDD a 
potentially complete transport pathway to the River due to the potential for constituents in HDD 
surface soil to mobilize during a severe storm event or flood (DEQ, 2008a).  Therefore, this pathway is 
considered potentially complete for RI and SCE purposes.  The stretch of the Riverbank considered in 
the evaluation of the potential bank erosion pathway extends from near the northern border of Arkema 
Lot 1 downstream to the Siltronic/BNSF property boundary.   
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Multiple third party sources contributed constituents to Doane Lake, the HDD, and the bank soils 
resulting from surface water discharges through the HDD (see Section 7.2.4.3 below).  In addition, 
runoff water from dredge filling in Arkema Lots 1 and 2 discharged to the River through the HDD 
during the mid-1960s, as shown in aerial photographs (Appendix A; 1967 photographs).  This 
pathway is not exclusive to RP.  The Riverbank may also have been impacted by riverine sources of 
constituents. 

Installation of a cutoff valve at the River end of the culvert to prevent flow of River water into the HDD 
culvert is proposed and under review by the City and DEQ.  This installation currently is scheduled for 
completion in 2010 and will eliminate the potential for the HDD to serve as a complete transport 
pathway to the River. 

7.2.4.2 Pathway Investigations 

HDD media evaluated include surface and subsurface soil within the HDD and surface soil 
surrounding the HDD.  RP investigations related to the HDD are discussed in Section 4.  Results of 
the evaluations are discussed in Section 8.   

The beach area sediment sampling is described in Section 4.1.2 and included samples from near the 
historical discharge of the HDD.  Analytical results of the investigation are discussed in Section 8.    

7.2.4.3 Non-RP Constituent Sources to Pathway 

Non-RP sources contributing to the HDD and immediately surrounding area include Arkema, ESCO, 
NL/Gould, Schnitzer, Air Liquide, BNSF, and any other entities that historically discharged into or filled 
the former Doane Lake or its remnants, and general industrial area aerial deposition.  Non-RP 
constituent sources to former Doane Lake are discussed in Section 3.2 and Appendix L.   

Third party constituent sources to the Riverbank include many industrial properties upstream and in 
the vicinity of WR-213 (HDD culvert), as well as contributions from municipal and private stormwater 
discharges as discussed in Section 3.2.  The beach areas adjacent to Arkema’s Lots 1, 2, 3 and 4 are 
designated high priority for source control by Arkema (DEQ, 2009c).  In addition, constituents related 
to the McCormick and Baxter, Gasco, Arkema, and NL/Gould sites are present in beach sediments 
and adjacent River sediments near river mile 7, as discussed further in Section 16.10. 
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7.2.5 Stormwater/Non-stormwater Pathway 
7.2.5.1 On-Property Stormwater 

Stormwater is precipitation that runs off the land surface.  There is no direct overland stormwater 
pathway from the former RP property to the River.  The on-property precipitation either evaporates or 
infiltrates, or is captured by the on-site storm sewer system and routed to the WTP.  Precipitation that 
infiltrates in the IA and HA is collected through perforated piping (i.e., seepage collection lines) and 
routed to the WTP.   

Pathway Description 

Metro has stated that stormwater from the RP property has periodically discharged through a pipe 
near the northeastern RP property boundary onto a paved area in the westernmost corner of the 
Metro property (URS, 2010).  Stormwater ponds in this area of the Metro property because the area 
does not have any stormwater catch basins or manholes, and the area slopes away from Metro catch 
basins that are connected to the Outfall 22B storm sewer system.  StarLink is investigating the source 
of the runoff.   

Prior to construction of the WTP in 1977, stormwater from the HA and NPA discharged to Doane 
Lake, first from near the northern corner of the HA and later through the LADD.  Stormwater at the IA 
historically infiltrated or evaporated.   

The WTP is a source control measure for on-property stormwater that would typically infiltrate but is 
collected and treated instead.  A stormwater runoff collection system map for the RP property is 
provided as Figure 7-B.  Details of the physical configuration of the on-property stormwater collection 
system are provided on Figure 7-C.   

As noted above, there is no potential for a complete stormwater pathway from the RP property to the 
River; limited stormwater is generated and stormwater does not leave the property.  Stormwater from 
unpaved areas (Figure 7-B) of the HA, IA, and NPA infiltrates, evaporates, or is collected by the storm 
sewer system.  StarLink is investigating a potential for stormwater to discharge to the westernmost 
corner of the Metro property.  However, any stormwater at that location ponds and does not run off 
from that area. 

Stormwater from Highway 30 and BNSF property flows onto the RP property from the west and 
southwest.  Stormwater that flows to the NPA from Highway 30 and BNSF enters the property near 
the WTP and flows to the LADD area.  Prior to the 2007 construction of the gravel road near the 

Non-RP Constituent Sources to Pathway 
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southern corner of the IA, stormwater from Highway 30 and BNSF flowed onto the IA.  Constituents 
potentially contributed from these sources would impact soil and groundwater and are discussed in 
Section 3.2. 

7.2.5.2 Overland Transport 

Overland sheet flow transport is typically identified by DEQ as a potential pathway for sites 
undergoing source control.  However, this pathway is incomplete because there is no overland 
stormwater pathway from the RP property to any offsite receptor.  Stormwater sheet flow does not 
leave the RP property.  On-property stormwater is collected and treated prior to discharge pursuant to 
a NPDES permit, or the stormwater infiltrates or evaporates.  Table 1 of the DEQ JSCS Milestone 
Report (DEQ, 2010n) confirms that DEQ also considers overland transport to be an incomplete 
pathway for the RP property.  

7.2.5.3 City Outfall 22A 

City Outfall 22A is an unofficial City stormwater outfall located on the Willbridge Terminal property 
(Figure 7-A).  Outfall 22A discharges to the River at the approximate historical discharge of Saltzman 
Creek.  The Outfall 22A stormwater system collects stormwater from NW 61st Avenue, NW Front 
Avenue, the Willbridge Terminal, Highway 30, and the Saltzman Creek drainage from a channel that 
approximates the former Saltzman Creek alignment through the Willbridge Terminal (BES, 2000).  
Groundwater likely infiltrates into the storm sewer system beginning midway along NW 61st Avenue. 

Pathway Description 

There are three portions of the Outfall 22A storm sewer system.  The northern portion originates near 
NW 61st Avenue and NW Culebra Avenue and flows northeast along NW 61st Avenue and then 
southeast (approximately 600 feet) along NW Front Avenue to intersect with the pipe leading to City 
Outfall 22A.  The central portion includes an approximately 300-foot concrete-lined open channel that 
extends from NW Culebra Avenue to NW Front Avenue through the Willbridge Terminal and enters 
the pipe that discharges at City Outfall 22A.  The southern portion originates along NW Front Avenue 
approximately 400 feet northwest of Doane Avenue and directs flow to the northwest to intersect with 
the pipe leading to City Outfall 22A (Figure 7-A).  The system daylights above the River and creates a 
small stream flowing into the River.  The location where the subsurface pipe daylights is unofficially 
designated by the City as Outfall 22D (BES, 2000), although it is still part of the Outfall 22A system.  
The invert elevation of the discharge pipe at Outfall 22D is estimated to be 17 to 20 feet amsl.  This 
report refers to the “Outfall 22A system” as the stormwater collection and conveyance system 
described above, and “Outfall 22A” as the point at which the storm sewer system discharges at the 
River.  
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The City lists the Outfall 22A system as “… predominantly open channel except for approximately 
1,400 feet of culverts.  Ownership of these culverts is uncertain but is likely a combination of private, 
City, ODOT and railroad” (BES, 2000).  The City considers the portions of the Outfall 22A system 
along NW 61st Avenue and in the open channel to be privately maintained.  The City did not include 
Outfall 22A in their City Outfalls Basin maps (BES, 2006). 

The RP property does not connect and has not connected to the City Outfall 22A storm sewer system.  
There is also no overland flow connection to Outfall 22A. 

Flow discharged at City Outfall 22A has the following potential sources:   

● Stormwater and/or sediment flow into NW Front Avenue and NW 61st Avenue surface 
catch basins;  

● Stormwater and/or sediment flow into other catch basins connected to the system, 
including those within the Kinder Morgan/Willbridge Site;  

● Stormwater and/or sediment flow into the natural channel and open culvert and 
underground culvert sections of Saltzman Creek;  

● Commercial and industrial discharges (e.g., vehicle washing, irrigation overspray, releases 
at the Kinder Morgan/Willbridge Site, etc.) onto NW Front Avenue and NW 61st Avenue, 
discharges into surface catch basins connected to the system, and discharges into the 
natural and culvert sections of Saltzman Creek; and  

● Groundwater infiltration into the NW Front Avenue and NW 61st Avenue pipes and catch 
basins, the 10-foot-deep open culvert that channels Saltzman Creek through the Willbridge 
Terminal, the Kinder Morgan/Willbridge stormwater collection system, and the buried 
portions of the outfall discharge pipe.   

Of these potential sources, only groundwater infiltration could potentially transport RP constituents to 
the system.  The RP property does not have and has not had a piped connection to the City Outfall 
22A storm sewer, and there is no overland flow connection.   

Groundwater in the Fine-Grained Alluvium flows east-northeast near the southern end of the former 
RP property as discussed in Section 6.  Groundwater elevations in Fine-Grained Alluvium wells near 
the Outfall 22A system were compared to publicly-available invert elevations for the City Outfall 22A 
system pipes.  The comparison indicated that the City Outfall 22A system pipe originating near NW 
61st Avenue and NW Culebra Avenue is above the water table nearest NW Culebra Avenue.  The 
pipe then intersects the water table midway along NW 61st Avenue and is at least partially below the 
water table until its junction with the former Saltzman Creek.  Other portions of the system (e.g., along 
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NW Front Avenue to the south of the outfall) are also lower than the water table.  Groundwater may 
infiltrate the portions of the City Outfall 22A system below the water table.   

StarLink has not collected stormwater or non-stormwater (infiltration) samples from the City Outfall 
22A system.  The system was evaluated as a potentially complete pathway because of the proximity 
of the southeast corner of the IA to the City Outfall 22A system.  Analytical data and other pertinent 
information from near the City Outfall 22A system were reviewed to evaluate the potential for the City 
Outfall 22A to act as a migration pathway for RP-related constituents.  This review included OCI 
groundwater data from the RP property and in the vicinity of the City Outfall 22A system, groundwater 
and soil data from the Kinder Morgan/Willbridge Site (KHM, 2003), and sediment data from the River 
near City Outfall 22A (LWG, 2009).  There are other sources of OCIs to City Outfall 22A at and near 
the Kinder Morgan/Willbridge Site, including the Shell Oil DDT tank, runoff from Highway 30, and 
general use of insecticides (Section 3 and Appendix L).  In addition to sources to City Outfall 22A, 
there are other sources of OCIs to the Willamette River upstream from City Outfall 22A. 

Pathway Investigations 

The results of the data review indicate:  1) OCIs are not present in shallow groundwater near or 
downgradient from where the City Outfall 22A pipe intersects groundwater and, therefore, OCIs from 
the RP property are not associated with infiltration directly into the City Outfall 22A system; and 2) 
OCIs are either not detected or are below screening levels in River sediment near City Outfall 22A.  A 
recent investigation of the Kinder Morgan/Willbridge Site stormwater system by Kinder Morgan 
indicates the presence of Lindane in non-stormwater flow within the Kinder Morgan/Willbridge facility 
storm sewer system (Delta, 2010).  A review of this new information will be conducted to evaluate the 
possibility that Lindane within the Kinder Morgan/Willbridge storm sewer system is related to the RP 
property.  Additional discussions on nature and extent of constituents at and near the IA are provided 
in Section 8.    

Non-RP sources of constituents to the non-stormwater City Outfall 22A pathway may include 
infiltration of groundwater from the Metro, Kinder Morgan/Willbridge, and GS Roofing properties.  
Other potential sources include non-stormwater overland flow, such as equipment wash water, from 
the same properties and from surrounding roadways entering the private and street inlet catch basins, 
and non-stormwater overland flow entering the open channels and culverts of former Saltzman Creek. 

Non-RP Constituent Sources to Pathway 

The Willbridge Final Upland RI Report (KHM, 2003) referred to City Outfall 22A as Saltzman Creek.  
In 1998, surface water and sediment samples collected adjacent to City Outfall 22 (located farther 
south, between the two southernmost Willbridge piers) and Saltzman Creek (Outfall 22A) indicated 
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that separate-phase hydrocarbons entered the Outfall 22A system through joint leaks (KHM, 2003).  
Joint leaks were repaired in Outfall 22 in 1998 and 2000, and in 2002 a cutoff wall was constructed 
across Outfall 22.  No information about infiltration or repairs to Outfall 22A was provided (KHM, 
2003).  

A 1988 EPA site inspection report for the Kinder Morgan/Willbridge Site showed (E&E, 1988):   

● In February 1975, 75-100 gallons of asphalt material reportedly spilled into Saltzman 
Creek;  

● In March 1982, oily water was discharged to Saltzman Creek; and 

● In April 1982, two pints of solvent were released to Saltzman Creek.   

A 1990 EPA site inspection report states that phenols, sulfides, and mercaptans were discharged to 
Saltzman Creek (E&E, 1990).  The releases to Saltzman Creek listed below were reported in the 1993 
Preliminary Assessment for Kinder Morgan/Willbridge:   

● In April 1981, ¼ gallon of an unknown solvent;  

● In December 1981, “dieseline”, a mixture of gasoline and diesel, perhaps leaded, from a 
drum on a truck; and 

● In December 1983, 90 gallons of unknown chemical (Hart Crowser, 1993).   

GS Roofing has two outfalls that discharge into the Outfall 22A system, designated Outfall A and 
Outfall B (FES, 2005).  Both of these outfalls collect stormwater from catch basins throughout the GS 
Roofing property and both discharge to the open channel portion of Saltzman Creek (between Outfall 
22D, where the pipe daylights, and Outfall 22A at the Willamette River; Figure 7-A).  PCBs were 
historically associated with the manufacture of roofing materials (CDEP, 2007 and 2009; EPA, 
2003b).  Investigation of the GS Roofing Site for PCBs and other site COIs is currently incomplete.   

Aerial photographs also show runoff from the southeastern most portion of the Arkema Site entering 
the open channel above Outfall 22A.  The dark-colored discharge can clearly be seen on the 1961 
photograph in Appendix A.   

Additional information on non-RP sources to media potentially impacting the City Outfall 22A pathway 
is provided in Section 3.2. 
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The City Outfall 22A storm sewer system is not a complete migration pathway for RP constituents and 
is not evaluated further in this report based on:  

City Outfall 22A Conclusions 

● The lack of any overland stormwater connection between the RP property and the City 
Outfall 22A system; 

● The absence of RP constituents in shallow groundwater where the City Outfall 22A system 
piping intersects groundwater; 

● The lack of detected constituents in RP groundwater in River sediment near City Outfall 
22A; and  

● The presence of multiple other sources of constituents to City Outfall 22A stormwater and 
infiltration-stormwater discharge.   

StarLink is in the process of obtaining and reviewing recent documents related to Kinder Morgan 
investigations of the Kinder Morgan/Willbridge storm sewer system, to further evaluate this potential 
migration pathway for RP constituents.   

7.2.5.4 City Outfall 22B 

City Outfall 22B is not a complete migration pathway for constituents related to the RP property 
because the Outfall 22B IRAM currently in progress will eliminate the infiltration of groundwater and 
discharge of RP-related constituents in infiltrated groundwater at Outfall 22B.  Certain quality control 
repairs remain to be completed.  However, the Outfall 22B IRAM has substantially reduced non-
stormwater flow as of October 2010 (see Section 5.3).  The following discusses the City Outfall 22B 
storm sewer system as an historical migration pathway, including potential impacts to the Riverbank 
soils. 

Pathway Description 

The City Outfall 22B storm sewer is located beneath NW Front Avenue between NW 61st Avenue and 
City Outfall 22B at the Willamette River (Figure 7-A).  Several catch basins along NW Front Avenue 
drain surface runoff from the street and, up until March 2010, portions of the Arkema property 
adjacent to NW Front Avenue into the City Outfall 22B system.  Service laterals from upland 
stormwater drainage systems on the NL/Gould, Schnitzer/Air Liquide, and Metro sites also connect to 
the City Outfall 22B storm sewer at NW Front Avenue.  The City Outfall 22B storm sewer receives 
occasional overflow (through a manual valve) from the sanitary sewer at the Guilds Lake pump 
station.  Overflow from the sanitary sewer flows directly into manhole MH-5 of the City Outfall 22B 
system.  Shallow groundwater near the City Outfall 22B storm sewer system infiltrated at pipe joints 
and cracks prior to the Outfall 22B IRAM as discussed in Section 5.  The RP property does not have 
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and has not historically had a piped connection to the City Outfall 22B storm sewer system, nor is 
there an overland flow connection, as discussed in Section 7.2.5.2. 

Flow discharged at City Outfall 22B has the following historical and current potential sources:   

● Stormwater and sediment flow into NW Front Avenue catch basins;  

● Stormwater and sediment flow into drainage system catch basins connected to the system 
(i.e., on the Arkema, NL/Gould, Schnitzer/Air Liquide, and Metro sites, and urban runoff);  

● Non-stormwater discharges (e.g., vehicle washing, irrigation overspray, etc.) onto NW 
Front Avenue, into surface catch basins connected to the system, and at the private 
laterals; and  

● Prior to completion of the Outfall 22B IRAM, groundwater infiltration into the NW Front 
Avenue Outfall 22B system pipe and any of the upstream lateral drainage system pipes or 
catch basins below the water table.   

Non-stormwater flow has been observed in City Outfall 22B prior to the Outfall 22B IRAM from 
groundwater flow into the system.  Constituents from multiple sources including Arkema, NL/Gould, 
ESCO, Schnitzer/Air Liquide, and RP have been detected in the non-stormwater outfall discharge.  
This pathway was historically complete for transport of constituents in groundwater into Outfall 22B.  
Bank erosion is a potential historical pathway from the RP property as a result of constituents entering 
the City Outfall 22B system through groundwater infiltration and partitioning to sediment on the beach.  
An Outfall 22B IRAM currently in progress will eliminate the infiltration and discharge of 
nonstormwater flow at Outfall 22B.  Certain quality control repairs remain to be completed.  However, 
the Outfall 22B IRAM has substantially reduced non-stormwater flow as of October 2010. 

A number of investigations related to City Outfall 22B and StarLink’s IRAM have been completed.  
Results of the investigations are provided in Section 4.6, the IRAM is discussed in Section 5.3, and 
analytical results of the investigations are discussed in Section 8.   

Pathway Investigations  

The beach area sediment sampling is described in Section 4.1 and included samples from within the 
discharge zones of City Outfall 22B.  Analytical results of the investigation are discussed in Section 8.    

Non-RP sources to the City Outfall 22B pathway include: 

Non-RP Constituent Sources to Pathway 
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● Prior to the Outfall 22B IRAM, infiltration of shallow groundwater and sediment carrying 
constituents from other properties, including contributors to former Doane Lake such as 
NL/Gould, ESCO, Arkema, Air Liquide, Schnitzer, and BNSF; 

● Prior to the Outfall 22B IRAM, infiltration of groundwater flowing through imported fill 
including River dredged materials likely taken from in front of the Willamette Cove, 
McCormick and Baxter, Siltronic, and Arkema sites; 

● Urban runoff; and 

● Stormwater and overland flow, and entrained sediment, entering catch basins on NW Front 
Avenue and originating on the  Metro, Schnitzer/Air Liquide, NL/Gould, BNSF, and Arkema 
sites.   

Additional information on third party sources to media impacting the City Outfall 22B pathway is 
provided in Section 3.2.   

Third party constituent sources to the Riverbank include the sources identified as contributing 
stormwater and non-stormwater flow to the City Outfall 22B system.  The beach area adjacent to 
Arkema’s Lots 1, 2, 3 and 4 are designated high priority for source control by Arkema (DEQ, 2009c).  
In addition, constituents related to the McCormick and Baxter Site, the Gasco Site, Arkema Site, and 
the NL/Gould Site are present in beach sediments and adjacent River sediments near river mile 7 
(AMEC, 2009bb; ERM, 2008), as discussed further in Section 16.10. 

7.2.5.5 City Outfall 22C 

The City Outfall 22C stormwater system is located on BNSF and Siltronic properties and is aligned 
parallel to the north side of the BNSF railroad embankment (Figure 7-A).  The 84-inch-diameter outfall 
discharges at the Riverbank just north of the railroad bridge.   

Pathway Description 

The RP property does not connect and has not historically had a piped connection to the City Outfall 
22C storm sewer, nor is there an overland flow connection from the RP property to the Outfall 22C 
system.   

Flow discharged at City Outfall 22C has the following sources:   

● Stormwater and sediment flow from NDL, NDP, and Doane Creek entering the City Outfall 
22C storm sewer pipe at the NDP; 

● Roof drain flow from the administration building at Siltronic; and  
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● Groundwater and sediment infiltration into the pipe between NDP and the outfall discharge 
point; shallow groundwater intersected City Outfall 22C approximately 355 feet northeast 
of the RP-06 well cluster according to water level measurements in May 2007, and 
approximately 95 feet northeast of the RP-06 cluster according to water level 
measurements in August 2009. 

Media evaluated with respect to City Outfall 22C include surface water and sediment from NDP, NDL, 
and Doane Creek; shallow groundwater from near the City Outfall 22C system; and stormwater and 
non-stormwater discharge from the outfall.  Investigations related to City Outfall 22C are discussed in 
Section 4.6.  Results of the evaluation are discussed in Section 8. 

Pathway Investigations 

Third party sources of constituents to the stormwater discharge at City Outfall 22C include Koppers, 
Gasco, Highway 30 runoff, Siltronic, BNSF (railroad rights-of-way), historical and current contributors 
to NDL, contributors from various facilities along Highway 30, and potential unidentified contributors to 
flow from the Tualatin Mountains.   

Non-RP Constituent Sources to Pathway 

Third party sources of constituents to the non-stormwater discharge in City Outfall 22C include 
groundwater infiltration from: Siltronic, Gasco, ESCO, and BNSF sites, and parties responsible for 
groundwater plumes migrating from the west; the multi-source former Doane Lake area; and River 
dredge materials including dredged materials likely taken from in front of the Willamette Cove, 
McCormick and Baxter, Siltronic, and Arkema sites.  Additional information on non-RP sources to 
media potentially impacting the City Outfall 22C pathway is provided in Section 3.2. 

7.3 AIR 

7.3.1 Subsurface Vapor  
7.3.1.1 Pathway Description 

Subsurface vapor migration occurs from the volatilization of constituents from groundwater and soil 
that migrate though the vadose zone into either indoor air (vapor intrusion) or outdoor air.  A complete 
vapor pathway requires the following conditions:  

● A constituent source in the subsurface that volatilizes in sufficient concentrations to 
accumulate either outdoors or within a building; 

● Soils with a lower moisture content that have sufficient migration pathways for transport;  

● For outdoor air, weather conditions that allow for vapor build-up and a receptor; and 
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● For indoor air, an occupied building and a pathway for volatized constituents to reach 
receptors in the building. 

Constituents in shallow soil and groundwater at the RP property may volatilize and be transported to 
the surface.  The indoor air vapor intrusion pathway is not currently complete because there are no 
occupied buildings, and no future industrial or commercial operations are planned.  All but three 
buildings at the RP property were demolished by 1992.  IRAMs completed at the RP property limited 
the potential migration of subsurface vapors and were described in the Facility Structures IRAM 
Technical Memorandum (AMEC, 2004l).  Actions included abandonment and capping of pipes, 
sumps, drains, and valve boxes.  The vapor intrusion pathway is considered a hypothetically complete 
future pathway and will be evaluated in the Revised Final HHRA for the RP property, scheduled for 
submittal in 2011. 

The outdoor air pathway is considered potentially complete.  The potential for exposure to volatile 
constituents in outdoor air, and whether this exposure presents a risk to receptors, is being evaluated 
in the Revised Final HHRA for the RP property, scheduled for submittal in 2011.   

7.3.1.2 Pathway Investigations 

Vapor migration pathway investigations to collect air analytical data (separate from periodic health & 
safety air monitoring) have not been completed.  Volatilization to indoor air (hypothetical future 
exposure pathway) and outdoor air (potentially complete exposure pathway) will be evaluated in the 
Revised Final HHRA for the RP Property.   

7.3.1.3 Non-RP Constituent Sources to Pathway 

Sources of soil vapor at the RP property are generally from RP releases.  However, several third party 
sources in the area have potentially affected shallow soil and groundwater at the RP property 
including parties that contributed constituents to Doane Lake and WDL, the Shell Oil pipeline, runoff 
from Highway 30 and BNSF, and an upgradient fuel station.  The potential impact from these sources 
has not been investigated.  Sources of constituents in soil vapor in the vicinity of the RP property may 
include Gasco, Siltronic, NL/Gould, Schnitzer/Air Liquide, ESCO, Arkema, and Kinder 
Morgan/Willbridge sites.  Non-RP constituent sources to shallow soil and groundwater are provided in 
Section 3.2. 
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7.3.2 Airborne Dust 
7.3.2.1 Pathway Description 

Airborne dust was evaluated and is not a likely historical, current, or potential future migration 
pathway.  Weather patterns combined with physical cover at the RP property support this conclusion.   

The potential for off-property dust migration is low, based on the following:   

● The majority of the RP property is and has been paved, graveled, vegetated, or covered by 
a building footprint;  

● Northwest Oregon weather patterns are not conducive to airborne transport of dust.  
Extended periods of dry weather occur only during a few months each year, and these 
periods are characterized by light winds.  Varying amounts of rainfall throughout the 
majority of the year keep surface soils moist, limiting the potential for dust to form and 
become airborne (Table 2-A); and   

● The RP property is in an area of low average winds, minimizing the potential for airborne 
transport (EMCON, 1992; Appendix J of the Gasco RI [HAI, 2007a]; and Table 2-A).  A 
detailed discussion of local and regional climate is presented in Section 2. 

The potential for historical and current off-property airborne dust or soil migration from vehicle traffic is 
low.  Vehicle traffic exiting the facility is and has been directed through a limited number of access 
gates.  Vehicle access points are and have been graveled or paved.  The gravel and paved driveways 
prevent vehicle tires from contacting potentially impacted soil and soil is not expected to have 
migrated off property on vehicle tires.  Traffic at the RP property currently travels on gravel or paved 
surfaces, or vehicles are decontaminated at the on-site decontamination pad before leaving the RP 
property. 

7.3.2.2 Pathway Investigations 

No airborne dust investigations have been performed.  Limited surface soil samples were collected 
from areas adjacent to the RP property.  The data do not support airborne dust migration as a 
significant migration pathway for constituents from the RP property because constituents detected in 
RP property soils were not typically detected in soils from adjacent properties. 

7.3.2.3 Non-RP Constituent Sources to Pathway 

Airborne dust is not considered to be a significant migration pathway for third parties in the RP 
property vicinity for generally the same reasons is it not a likely migration pathway for the RP property.  
However, the RP property is located in a heavily industrialized area.  There are two potential 
mechanisms for dust and other airborne particulates generated by others to be transported in the 



 

AMEC Earth & Environmental, Inc. 
Project No.:  0-61M-107030/Phase 0104/T6 87 
K:\10000\10700\10703\0100 RI-FS-ROD\0104 RI Report\Draft RI\RI-SCE Report.Docx 

vicinity of the RP property: vehicle traffic and direct discharge of particulates to the air from 
operations.  Vehicles, railroad equipment, and trucks, including waste handling trucks at the Metro 
Site and trucks travelling to and from the NL/Gould Site, travel or historically have traveled near the 
RP property.  The numerous industrial operations in the vicinity of the RP property that had air 
emissions include Arkema (e.g., boilers), NL/Gould (emissions and waste handling activities), Metro 
(waste trucks), ESCO (waste handling), Gasco (emissions and waste handling), and urban 
particulates including Highway 30 traffic.  Additional information on non-RP sources to surface soil is 
provided in Section 3.2. 

8.0 CHEMICAL NATURE AND EXTENT / FATE AND TRANSPORT  

This section describes the nature and extent of constituents detected within environmental media at 
the RP property and vicinity, as well as the fate and transport of these constituents.  An introduction is 
provided (Section 8.1) that summarizes distribution and transport, and also provides general 
information regarding screening values, data and data presentation, and the organization of Section 8.  
The remainder of Section 8 is organized by constituent class (Sections 8.4 through 8.12), with 
separate sections describing the NAPL Area (Section 8.2) and evaluation of natural attenuation 
processes (Section 8.3).  Where appropriate, constituent classes are broken down into constituent 
groups based on occurrence, chemical properties, or sources.   

8.1 INTRODUCTION 

This section integrates and evaluates the physio-chemical conditions at the RP property and vicinity.  
Each chemical class subsection describes the data analyzed, the types of constituents present, the 
extent of the constituents in various media, where the constituents originated, and how they move 
through the affected media considering both physical and chemical transport conditions.  

Generalized RP source areas and specific source areas are identified.  The general RP source areas 
include the HA, IA, LADD, and NAPL area.  In some cases, specific sources are defined by historical 
documentation and investigation results that confirm a finite source location.  In other cases, such as 
in the former Doane Lake area, multiple releases occurred over a long period of time and from varied 
multi-party discharges.  The broad investigations conducted as part of the RP RI identify specific 
property sources and multi-party sources.  The nature and extent of constituents are described 
regardless of source.   

The location of the RP property away from the River has resulted in the overlap and commingling of 
constituents from RP and others within the RP vicinity.  The overlap of these constituents is caused by 
a number of factors including the following: 
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1.  The use of the same disposal areas or stormwater collection areas from multiple 
properties.  For example, Doane Lake received stormwater and waste from several 
properties, including RP, NL/Gould, ESCO, Arkema, and Schnitzer/Air Liquide.   

2.  The filling of Doane Lake by various parties including NL/Gould, ESCO, Schnitzer, and 
Air Liquide. 

3.  Transport processes that have changed over time.  For example, groundwater flow from 
the LADD area to NDL has changed.    

4.  The location of source areas and merging of transport pathways.  For example, surface 
water from Doane Creek enters the City Outfall 22C storm sewer system and 
commingles with surface water from NDL.  

The separation from the River necessitated a much broader investigation across a much larger area 
than many of the nearby and riverfront properties, where constituents at relatively high concentrations 
near the River are often discharged directly to the River.  Environmental investigations by riverfront 
property owners may be limited in lateral and vertical extent or analytes, and may not have occurred 
in areas away from the River that are impacted.  This is important because some non-RP sources are 
not readily identified through the RP data set, but they were considered in the evaluation of the nature 
and extent of constituents. 

Both physical and chemical conditions define how constituents migrate from source areas.  Physical 
characteristics control the movement of constituents, such as hydraulic conductivity.  The foundation 
of the transport evaluation is an understanding of the physical setting and characteristics of the 
various media in the RP property vicinity such as the type of soils and geologic formations, the 
hydraulic properties of the materials, and the movement of water into and out of the subsurface.  The 
physical setting and characteristics are described in Section 6, Hydrogeologic CSM.     

The distribution of constituents in environmental media is used as empirical evidence to support an 
understanding of the fate and transport of constituents in the environment.  Understanding the 
chemical characteristics of the constituents is important because the constituents detected at the RP 
and vicinity properties behave differently in environmental media.  For example, hydrophobic 
compounds such as PCBs and PCDD/PCDFs have high particle affinity and largely are not 
transported from source areas, while other constituents such as volatile compounds are less likely to 
be associated with particles and may be transported from source areas in groundwater.  Chemical 
characteristics of importance include a constituent’s solubility, ability to sorb onto organic or mineral 
material, degradation characteristics, and type of breakdown products resulting from degradation.  
Understanding the chemical characteristics of the COIs is important to understanding the potential 
mass of material remaining after a release, as well as the longevity of COIs in environmental media.  
The chemical and physical characteristics of each COI, in combination with the characteristics of the 
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environmental media in which they are detected, control the fate and transport of COIs in the 
environment.   

The RP property differs from most of the upland sites associated with the Portland Harbor Superfund 
Site because it is a significant distance from the River.  The former formulating and manufacturing 
area of the facility, referred to as the plant area throughout Section 8, is located approximately 2,000 
feet from the River.  This separation from the River provides a substantial distance along constituent 
migration pathways for physical and chemical processes to occur, allowing sorption, degradation, and 
other attenuation processes to reduce or eliminate constituent concentrations during transport, and 
potentially inhibiting constituents from reaching downstream or downgradient media. 

8.1.1 Distribution and Transport Overview 
Several tools were used in understanding the nature, extent, fate, and transport of constituents.  
These included information from historical releases at the RP property and in the vicinity (Section 3); 
the CSM (Section 6); an evaluation of natural attenuation processes (Section 8.3); various graphical 
representations of selected constituents (Appendices D, F, G, and H); and data (Appendices C and D) 
screened against specific screening values (Section 8.1.2; Appendix E).  The distribution of 
constituents in environmental media at the RP property vicinity is primarily dependent on four things:  

1.  Source conditions;  

2.  Physical conditions;  

3.  COI chemical characteristics; and 

4.  Media chemical conditions. 

A summary of the transport and distribution of each chemical class is provided in the subsections 
below.   

8.1.1.1 NAPL Area 

NAPL related to RP operations is present in only a limited area in the HA, LADD, and near the 
southern end of former WDL.  The NAPL area includes the northern portion of the HA, the LADD, and 
the southern end of former WDL.  The NAPL area is primarily residual NAPL and occurs close to 
sources.  The NAPL area has not changed significantly since investigations began in the early 1980s, 
indicating it is primarily residual and stable.  Non-residual (mobile) NAPL was observed in the 
northern portion of the HA and the southern end of former WDL.  This distribution is consistent with 
sources in the HA and the discharge of process waste water along the LADD toward WDL. 
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The composition of the NAPL differs between these areas.  The NAPL composition heterogeneity 
strongly indicates that NAPL in different locations of the RP property is not related to subsurface 
movement and is not from a single common source.  There is primarily LNAPL in the HA, with 
nonhalogenated aromatic constituents such as benzene, xylenes, toluene, and other alkylbenzenes 
predominating over chlorinated constituents such as dichlorobenzenes (DCBs), trichloroethene, 
dichloromethane, and other chlorinated benzenes.  In contrast, NAPL in the LADD is primarily dense 
in nature, and is mainly composed of DCBs, with lesser amounts of other chlorinated and 
nonhalogenated constituents.  The diffuse residual NAPL near the southern end of former WDL 
consists of a mixture of these chemical types, and tends to be either dense or of approximately 
neutral density.   

Monitoring through the years has demonstrated that NAPL on the RP property and in the LADD is 
stable, and is not moving in the subsurface.  As a result, although NAPL serves as a source of the 
relatively soluble constituents to groundwater, NAPL is also a trap for constituents with lower aqueous 
solubility, and prevents movement of these constituents away from primary source areas.  The nature 
of the constituents present in NAPL also serves as a fingerprint of organic constituents related to 
historical RP operations in the HA. 

8.1.1.2 VOCs 

The RP source areas for VOCs are located in the vicinity of known tank farms, waste management 
areas, and manufacturing operations in the HA and in areas where NAPL is known to be present.  
The exception to this is benzene, which appears to have isolated source areas distributed in both the 
HA and IA.  Several VOCs historically were used in formulation and manufacturing operations in the 
HA and IA (Section 2, Table 2B), including 1,2-dichlorobenzene, benzene, acetone, methylene 
chloride (dichloromethane), toluene, xylenes, trichloroethene, tetrachloroethene, and isobutyl alcohol.   

Other sources of VOCs in the RP property vicinity include DDT manufacturing and other processes at 
the Arkema facility (e.g., chlorobenzene, trichloroethene, tetrachloroethene), historical MGP waste 
disposal at the Gasco, BNSF, and Siltronic properties (e.g., BTEX), the trichloroethene releases at the 
Siltronic manufacturing facility, the Kinder Morgan/Santa Fe Pacific Pump Station and Pipeline (e.g., 
BTEX), runoff from Highway 30 (e.g., BTEX, MTBE), and the general industrial use of VOCs as 
solvents, in fuels, and in chemical manufacturing (Section 3.2 and Appendix L). 

The distribution of VOCs related to the RP source areas is controlled by subsurface conditions and 
associated groundwater flow.  In the northern half of the HA and in the NAPL area, releases of VOCs 
to soil and groundwater migrate to the north and northeast, obliquely toward the River, following the 
path of the buried side channel around the bedrock ridge that controls the direction of groundwater 
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flow from this part of the RP property.  In the southern portion of the HA and in the IA, releases of 
VOCs to soil and groundwater migrate primarily to the northeast, following a flow path that is more 
perpendicular to the River where the buried side channel has less influence on groundwater flow 
direction.   

The distribution of VOCs in groundwater related to RP operations is consistent with the 
hydrogeological CSM as presented in Section 6.  The distribution of all VOCs associated with RP 
sources occur within the areas where 1,2-dichlorobenzene and vinyl chloride are detected.  
Collectively, these two COIs define the extent of RP-related COIs in groundwater. 

The distribution of VOCs related to RP operations also provides evidence that natural attenuation 
processes are occurring and causing decreases in VOC concentrations in groundwater.  The specific 
environmental fate processes vary among the different types of VOCs, but the data indicate some 
level of degradation for each VOC subgroup, such as decreases in parent constituent concentrations 
and the presence of associated biodegradation progeny.  In some locations, the data show the 
absence of both parent and progeny where biodegradation may have completed its full cycle.  For 
example, there is a significant decrease in VOC concentrations in groundwater on the ESCO Site, 
with some VOC concentrations decreasing to below detection limits.  This decrease in VOC 
concentrations is likely related to changes in geochemical conditions associated with materials 
deposited in the ESCO landfill or with activities conducted as part of the NL/Gould remedy that 
enhanced biodegradation and/or dilution of VOCs.  The data also show that biodegradation in 
groundwater under multi-source former Doane Lake appears to serve as an important control on VOC 
transport. 

The VOC data also suggest that the multi-source former Doane Lake itself does not serve as a 
significant source of VOCs to groundwater because many VOCs in the Artificial Fill and upper part of 
the Fine-Grained Alluvium are often below conservative screening levels or are not detected across 
much of the multi-source former Doane Lake area.  One secondary area of higher concentrations of 
RP-related VOCs was identified near the City pump station at NW Front Avenue.  The vertical 
distribution of VOCs in the pump station area does not indicate that it is a significant source to 
groundwater.  The reason for higher concentrations of VOCs in this area is not known.  This area is 
within the former Doane Lake boundary and may be an area where conditions were not as conducive 
to natural attenuation of VOCs as the rest of former Doane Lake.   

Historical investigations have identified VOC releases on the RP property and surrounding properties 
that have occurred throughout their industrial history.  VOC releases at the RP property have a 
distribution that is distinct from releases of VOCs at vicinity properties.  VOCs attributable to the RP 
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property do not overlap with the release of trichloroethene on Siltronic Site in their manufacturing 
area, with releases of BTEX related to MGP wastes on Siltronic property, or with fuel-related product 
releases on Kinder Morgan/Willbridge Site.  Questions concerning distribution of VOCs on Arkema 
Site remain because investigations performed at the Arkema Site to date have not been designed to 
evaluate the distribution of VOCs at depth or between the Arkema source area on Lots 3 and 4, and 
VOC detections at depth at the riverbank and Arkema Lot 2 and Tract A. 

8.1.1.3 SVOCs 

The only SVOCs used in historical manufacturing or formulation operations at the RP property that 
are considered in this discussion are phenol and chlorinated phenols.  Dichlorobenzenes are present 
on the target analyte list for SVOC analysis, and were used in RP operations, but are evaluated as 
VOCs in this report due to the greater consistency of physical properties of the DCBs with other 
VOCs.  Diesel was used as a solvent in early herbicide manufacture and is a potential source of 
certain lower molecular weight PAHs including naphthalene.  Other potential sources of SVOCs at the 
RP property are fuel storage, handling and use, vehicle maintenance activities, and the filling of 
former Doane Lake with imported soil and fill material including fill material deposited by surrounding 
industrial property owners.  Potential RP SVOC source areas are located in the vicinity of known tank 
farms, waste management areas, and manufacturing operations in the HA, and in areas where NAPL 
is known to be present.  Chlorinated phenols observed in samples collected at the RP property are 
consistent with the use of chlorinated phenols in herbicide manufacturing. 

The predominant source of SVOCs in the RP property vicinity involves PAHs associated with MGP 
waste from Gasco operations disposed on the Siltronic and BNSF properties.  Additional SVOC 
sources in the vicinity include fill material historically placed in areas of former Doane Lake; River 
dredge spoils used as fill at the Siltronic, BNSF, Gasco, NL/Gould, and Arkema properties; runoff from 
Highway 30 and BNSF railroad tracks; operations at the Metro Transfer Station; SVOCs from 
NL/Gould battery recycling, including battery casings, battery casing tar sealant, and fuel oil; former 
operations at the Koppers, Kinder Morgan/Willbridge, Schnitzer, and McCormick and Baxter 
properties; and general use of SVOCs in fuels. 

There is no evidence of widespread distribution of significant SVOC impacts in the RP source areas 
with the exception of chlorinated phenols and possibly naphthalene.  The distribution of SVOCs 
related to historical RP operations in groundwater is consistent with the hydrogeological CSM 
presented in Section 6.  In general, the distribution of all SVOCs associated with RP sources fall 
within the areas where 2,4-dichlorophenol and 2,4,6-dichlorophenol are detected.  PAH detections on 
RP property are spatially isolated and do not appear to be migrating off property.  
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Naphthalene detections that are located in areas where chlorinated phenols are present are 
considered suspect.  The monochlorinated phenols have retention times that are very close to the 
retention time for naphthalene on many gas chromatographic columns, and share several ions with 
naphthalene when analyzed using electron impact ionization in GC/MS analysis.  Specific interference 
from 2-chlorophenols and 3-chlorophenol with determination of naphthalene by GC/MS have been 
identified for samples from the RP property vicinity, but unfortunately this interference is not always 
identified by laboratories, and can only be identified when full scan GC/MS methods are used for 
analysis. 

The distribution of SVOCs related to historical RP operations also indicates that natural attenuation 
processes are occurring and positively impacting SVOC concentrations in groundwater.  Chlorinated 
phenol concentrations decrease significantly with distance from the HA as well as decrease in 
concentrations within the HA over time.  Chlorinated phenol detections in samples downgradient of 
the RP property boundary are sporadic and low level.  The area of continuous chlorinated phenol 
impact to groundwater is localized in the HA near areas where they were historically manufactured 
and handled, and slightly downgradient in the southern area of former Doane Lake.  No chlorinated 
phenols were detected in any of the Riverbank wells in any of the stratigraphic units.  

Phthalates and other SVOCs were not detected at significant frequency at the RP property, and 
detections of these constituents were sporadic and isolated.  There is no evidence that RP is a source 
of phthalates, benzoic acid, or isophorone to the River.   

8.1.1.4 Herbicides 

A limited set of herbicides was manufactured, packaged, or formulated at the RP facility (Section 2, 
Tables 2-B and 2-C).  Manufacturing was discontinued by 1982 with the exception of bromoxynil, 
which was discontinued in 1990.  The primary herbicides manufactured included 2,4-D, Silvex, 2,4,5-
T, bromoxynil, dichlorprop, MCPA, and MCPP.  Some herbicide components were also packaged at 
the facility for shipment to other manufacturers (including the US Army).  2,4,5-T was manufactured 
for a limited time between 1960 and 1962.  “Agent Orange” was not manufactured at the facility 
although 2,4-D IOET, a component of agent orange, was manufactured and sold to a third party.    

Ten herbicides, two of which were not manufactured, formulated, or packaged at RP, were detected in 
the RP property vicinity.  Herbicides detected include 2,4,5-T, Silvex, 2,4-D, 2,4-DB, bromoxynil, 
dalapon, dicamba, dichlorprop, MCPA, and MCPP.  Dalapon and dicamba were not manufactured, 
formulated, or packaged at RP and are likely indicators of herbicide use by multiple parties in the 
vicinity of the RP property.  The distribution and environmental fate of herbicides released to the 
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environment at and in the vicinity of the RP property are determined by the source conditions, 
physical setting, and herbicide chemical characteristics. 

In general, herbicides are detected in the HA and near the LADD, but are also detected in various 
media off the RP property and are discontinuous with RP sources.  Transport of herbicides from RP 
source areas is consistent with groundwater flow and other constituent migration pathways within the 
RP property vicinity, as well as the relatively high biodegradation rates associated with most 
herbicides in environmental media.   

Herbicides were detected in the NAPL beneath the northern portion of the HA and the LADD near the 
southern end of former WDL.  Of the herbicides, 2,4-D was detected at the highest concentration in 
the NAPL samples.  Herbicides in soil at the RP property are generally found in localized areas 
consistent with former RP operations, and all detected concentrations are below the EPA 2010 
Industrial Soil RSLs. 

Herbicides were detected in groundwater samples at the RP property and vicinity.  Most herbicides 
were detected in the former RP plant area and downgradient concentrations decreased significantly 
toward NW Front Avenue; most herbicides were not detected beyond NW Front Ave.  The exceptions 
are Silvex and dichlorprop.  Dichlorprop was infrequently detected near the Riverbank, and generally 
before 2006.  Silvex was consistently found in groundwater to the Riverbank but all Silvex detections 
downgradient from the HA and LADD area are below EPA 2010 Tap Water RSLs.  The presence of 
only Silvex from the RP property to the Riverbank is consistent with the properties of Silvex.  Silvex 
tends to biodegrade much slower in water than other herbicides and therefore is found downgradient 
of the RP property when other herbicides at similar or higher concentrations in source areas are not 
found downgradient.  

Herbicides within the former Doane Lake or former WDL that were either transported there through 
other pathways or were released to these areas are not a significant source for herbicides in the RP 
property vicinity.  NDL media (sediment, pore water, and surface water) have historically been 
affected by herbicides from RP and other sources and may currently receive herbicides from other 
sources.  The pathway from the RP property to NDL is no longer complete.  Herbicides have not been 
detected in NDP sediments or in groundwater from the seep into NDP.   

Herbicides have been detected in non-stormwater within the City Outfall 22B storm sewer system at 
concentrations fairly consistent with shallow groundwater, suggesting a historically complete pathway 
for herbicides from shallow groundwater to City Outfall 22B non-stormwater to the River.  Shallow 
groundwater in the vicinity of the City Outfall 22B storm sewer is subject to multiple sources, as 
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strongly suggested by detections of herbicides in City Outfall 22B cleanout sediment.  Herbicides 
detected at Outfall 22C are very limited and not related to RP sources.   

Herbicides detected in soil samples from the HDD and its immediate vicinity could have historically 
migrated from the multi-source former Doane Lake to the HDD.  However, the low concentrations and 
sporadic occurrences do not suggest that herbicides in HDD soil are or have historically been a 
source of herbicides to groundwater or to the River.  Herbicides have not been detected in Riverbank 
or beach area soils in the vicinity of potential constituent migration pathways from the RP property 
(e.g., City Outfall 22B, HDD). 

8.1.1.5 OCIs 

OCIs detected in the RP RI data set were 2,4'- and 4,4’-DDD, DDE, and DDT (DDx), 
hexachlorocyclohexanes (BHCs), endosulfans, aldrin, dieldrin, endrins, chlordane, 
hexachlorobenzene, hexachlorobutadiene, toxaphene, mirex, and perthane.  OCIs were not 
formulated at RP after 1969 (EMCON, 1992).  Hexachlorobutadiene, mirex, and perthane were not 
historically used in formulation and manufacturing operations.  Source areas for OCIs are the IA and 
the LADD area.  OCI sources on other vicinity properties include DDT and lindane at Arkema; 
generation of waste materials containing hexachlorobenzene, hexachlorobutadiene and other 
chlorinated hydrocarbon insecticides at Arkema; DDT at Kinder Morgan/Willbridge facility; fill material 
sourced from vicinity industrial properties and used to fill former Doane Lake; OCIs from insect control 
activities in the general area; runoff containing OCIs from surrounding properties including ESCO, 
NL/Gould, Schnitzer/Air Liquide, and RP; River dredge materials used as fill on the Siltronic, BNSF, 
NL/Gould, and Arkema properties that potentially contained OCIs from Arkema or up-River sources; 
and atmospheric deposition.    

Transport of OCIs from the RP property to the River is not complete based 1) the concentrations and 
distribution of OCIs, 2) the limited extent of OCIs from an RP source, and 3) natural attenuation 
processes downgradient of the source area.  DDx compound source areas at the RP property are 
small and are limited to soil in the IA and to a lesser extent the LADD area.  NAPL is not a source of 
DDx.  Endosulfans were not detected at concentrations greater than RSLs in the RP RI data set.  
BHCs were detected at concentrations greater than RSLs in samples from RP, Siltronic, and other 
vicinity properties, but were not detected in near-River wells with the exception of low-level detections 
on the Siltronic property.  There is no consistent pattern of chlorinated hydrocarbon insecticide 
detections between potential historical release areas on the RP property and the River.  Toxaphene 
and hexachlorobenzene were the only other OCIs detected at concentrations greater than RSLs in 
groundwater.  The distribution of toxaphene and hexachlorobenzene detections does not indicate a 
discrete source area within the RP property.  There is no evidence of a consistent pattern of other 
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OCIs between potential historical release areas on the RP property and the River.  OCI 
concentrations detected at the RP property vicinity were generally low in concentration and sporadic. 

OCI analytical results are very dependent on the laboratory methods employed.  Earlier analytical 
methods often result in false positives, especially at low concentrations because of interference and 
undifferentiated or misinterpreted chromatogram peaks.  RI groundwater samples collected prior to 
2007 were analyzed for OCIs by the standard EPA 8080 or EPA 8081A techniques using GC/ECD.  
Samples collected since 2007 were analyzed by GC/HRMS or GC/MS/MS.  Standard GC/ECD and 
low-level GC/ECD do not offer sufficiently low detection limits to be useful and both are subject to 
false positive results as described in the Data Quality Assessment and Evaluation of the Usability of 
Insecticide Data from Groundwater Samples paper developed by AMEC in 2008 (AMEC, 2008g).  
Ultra-trace-level GC/ECD gives detection limits sufficiently low to be usable, but is also subject to 
false positive results because the ECD is a nonspecific detector that responds to any organic 
constituent with delocalizable electrons in the bonding systems, as well as some inorganic substances 
such as sulfur.  Samples analyzed by GC/ECD with OCI detections were re-analyzed by GC/HRMS or 
MS/MS when possible, to confirm the reliability of the detections.  Some of the low-level OCI 
detections in the RP RI data set may be false positive results related to the presence of interfering 
compounds such as PAHs.  Therefore, interpretation of OCI results requires consideration of the 
analytical methods employed.  Any results generated by GC/ECD must be considered suspect unless 
verified by another more definitive technique, and results for samples collected before 2007 are 
therefore not considered reliable as an indication of downgradient extent of OCIs in groundwater. 

8.1.1.6 OPIs 

OPIs are used for insect control in agricultural and non-agricultural areas and are normally derivatives 
of phosphoric, phosphonic, phosphorothioic, or phosphonothioic acids (WHO, 1986).  OPIs usually 
are not persistent in the environment (EPA, 2009a), although their intended use results in direct 
release to water and soil.  Although use has generally decreased over the last few decades, most of 
these OPIs are still in use in many areas of the United States, including the Willamette River valley 
(USGS, 2002).  OPIs in the site vicinity are potentially from a number of sources including spraying of 
the constituents for mosquito control and insect control at area facilities and formulation losses at the 
RP facility. 

OPIs are not constituents of concern for the RP RI.  The RP RI data set indicates detections of seven 
OPIs: bolstar, demeton-O, disulfoton, ethoprop, malathion, parathion, and tetrachlorvinphos (stirofos).  
Only two of the detected OPIs (malathion and parathion) were formulated, processed, or stored during 
historical RP operations (Table 2-C).  The detection frequency and most detected concentrations in 
environmental media are low, indicating that there were minimal losses from the former RP facility.   
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OPIs have not been detected in NAPL or stormwater and only in an extremely small number of soil, 
groundwater, and surface water samples.  Analytical limitations may have resulted in some of the 
sporadic OPI detections.   

OPI detections are very limited in lateral and vertical extent, representing isolated detections 
insufficient to act as a source.  OPIs were detected in only 11 of 530 samples, with 20 individual OPIs 
detected in 11,637 results, for a detection frequency of 0.1%.  Sporadic detections in off-property 
media are very likely either false positives or from sources other than the RP property.  OPI detections 
did not exceed their respective EPA 2010 Tap Water and Industrial Soil RSLs.   

8.1.1.7 PCDDs/PCDFs 

PCDDs/PCDFs are ubiquitous in environmental media worldwide from a variety of both natural (e.g., 
ball clay, forest fires) and anthropogenic sources (EPA, 2003a).  In the RP property vicinity, the 
presence of PCDDs/PCDFs in environmental media is a result of contribution from a number of 
sources that include inadvertent production as part of the chlorinated phenol chemistry conducted for 
the manufacture of herbicides, operation of furnaces and boilers on a number of neighboring 
properties (including combustion of PCB-containing fuel oils), historical chloralkali manufacturing 
processes, placement of dredge spoils from the River for land-filling, secondary lead smelting, lead 
cable sweating, auto-shredder fluff disposal, atmospheric deposition concentrated in stormwater run-
off,  and extensive continued generation of PCDDs/PCDFs from gasoline/diesel engines and industrial 
wood combustion (Cleverly et al., 1997).   

Confirming the presence of PCDDs/PCDFs is highly dependent on laboratory methods and QC 
practices employed.  Standard EPA methods can be subject to interference from laboratory or field 
contamination, or from non-PCDD/PCDF compounds that coelute with target PCDDs/PCDFs and 
share common ions.  These interferences can result in unreliably determined concentrations or false 
positive analytical results.  Since implementation of additional QC protocols in 2007 and 2008, the 
incidence of suspected false positive results that appear to be associated with random, sporadic lab 
or field blank contribution (as discussed below) has been nearly eliminated.    

In addition, the specific congeners present in a sample analyzed for PCDDs/PCDFs are important to 
understanding the source and distribution of the compounds.  Homolog concentrations may not be 
usable for source differentiation, and may lead to erroneous conclusions concerning sources and 
distribution, because homologs include both 2,3,7,8-substituted and non-2,3,7,8-substituted 
congeners, and can be subject to interference from non-PCDD/PCDF constituents. 
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PCDD/PCDF data collected for the RP RI indicate sources related to historical RP manufacturing 
processes, as well as a number of other non-RP-related sources.  There is also a generalized 
anthropogenic background distribution of PCDDs/PCDFs across the entire RP property and vicinity.   

The data also indicate that PCDDs/PCDFs related to RP remain localized in soil and groundwater in 
the immediate vicinity of historical releases.  Limited vertical transport of PCDDs/PCDFs in 
groundwater may have occurred at the time of initial release.  Higher concentrations of 
PCDDs/PCDFs in identifiable release areas, rapid drop off in concentration with distance from these 
areas, and comparison of specific congeners present in samples indicate that there is not ongoing 
transport of PCDDs/PCDFs away from historical release areas.  This lack of transport is consistent 
with the physicochemical properties of PCDDs/PCDFs and the hydrogeochemical conditions in the 
RP property vicinity.   

It is evident from the literature and the observed PCDD/PCDF distribution that PCDDs/PCDFs in 
environmental media at the RP property and vicinity are related to multiple sources and not only to RP 
operations.  Data from other sites, where available, were used to understand the nature and extent of 
PCDDs/PCDFs in the RP property and vicinity.  However, most properties in the vicinity of the RP 
property have not completed remedial investigations or fully investigated or analyzed for 
PCDDs/PCDFs, even though operations that are known sources of PCDDs/PCDFs (furnaces, boilers, 
or other likely PCDD/PCDF sources) were conducted on these properties.  This lack of data makes it 
difficult to fully evaluate the distribution and sources of PCDDs/PCDFs on non-RP properties in the 
RP property vicinity. 

8.1.1.8 PCBs 

It is evident from the PCB distribution in the RP RI dataset and data from vicinity properties that PCBs 
in environmental media at the RP property and vicinity are related to multiple sources.  Historical 
records concerning presence and use of PCBs at the RP property show that potential sources of 
PCBs are limited to eight transformers formerly in the HA and IA and possible use of small amounts of 
heat transfer fluid that may have contained PCBs during a short period of time.  PCB concentrations 
in groundwater do not indicate downgradient transport of PCBs from the RP property.  The 
concentrations of the majority of detected total PCB results in the RP RI groundwater dataset are less 
than total PCB concentrations in wet deposition (rain) and industrial stormwater in the Portland area 
(Blischke, 2009; see Section 8.10.4). 

Data collected by StarLink and its predecessors for the RP RI are supplemented with limited data 
from other sites and are used to understand the nature and extent of PCBs.  These limited data show 
that there are source areas on other sites in the RP property vicinity.  Most sites in the vicinity of the 
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RP property have not completed RIs or have not uniformly investigated or analyzed for PCBs, even in 
cases of known historical operations associated with PCBs (see Section 3.2).  This lack of data 
makes it impossible to fully evaluate the distribution and sources of PCBs in the vicinity of the RP 
property.  

PCBs have not been detected in the NAPL samples analyzed for PCBs as part of the RP RI 
investigations.  The specific Aroclors detected in soil samples differed across the RP property and 
vicinity properties, and the data and data distribution suggest localized individual releases from a 
variety of sources currently or formerly located around former Doane Lake.  There is no evidence of 
continuous presence of PCBs in soil from sources related to historical operations at the former RP 
plant to other areas at the RP property, vicinity properties, or the River.   

PCBs were not detected in the RP RI groundwater dataset in samples analyzed using Aroclor-specific 
methods.  PCBs were detected in groundwater samples analyzed using congener-specific, ultra-trace 
HRMS methods; however, total PCB concentrations did not exceed the EPA 2010 Tap Water RSL of 
1.70E-04 mg/L.  In addition, the distribution of individual congener patterns in the RP RI groundwater 
data demonstrate that PCBs detected in groundwater near the former RP plant area are distinct from, 
and unrelated to PCBs detected in other areas of the RP property and vicinity.  The data do not 
support the presence of potential source areas on the RP property, nor do they support downgradient 
transport of PCBs in groundwater from the RP manufacturing area.     

A variety of sources in the vicinity of the RP property historically contributed PCBs to environmental 
media either through handling or use of PCB-containing oils or as inadvertent byproducts of 
processes employed by the owners and operators of the facilities.  The predominance of lighter PCB 
congeners in RP property and immediate vicinity groundwater supports an anthropogenic atmospheric 
source of PCBs to groundwater rather than transport from a potential source area on the RP property.  
Atmospherically transported PCBs would be expected to be lighter and, therefore, more water soluble 
than PCBs from industrial point sources.   

PCBs were not detected in the three surface water samples collected from NDL in 1995 and analyzed 
for PCB Aroclors; NDL sediment was not analyzed for PCBs.  PCBs in biota residing in NDL are likely 
attributable to atmospheric deposition, runoff from Highway 30, or another industrial source, and not 
the RP property.  Potential sources of PCBs on the RP property are distant from NDL, and there is no 
evidence for downgradient transport of PCBs from the RP property in groundwater.  PCBs were 
detected in WDL sediment.  The distribution of Aroclor and PCB congener results in sediment 
suggests multiple, distinct sources to former WDL.  Locations with detected PCB results are 
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separated by locations where PCBs have not been detected, indicating that PCBs had not been 
transported throughout the former lake after initial deposition. 

PCBs were detected in sediment and non-stormwater within the City Outfall 22B storm sewer system 
at concentrations consistent with anthropogenic industrial background levels for the Portland Harbor 
area.  This may be a result of infiltration of sediment and groundwater with suspended sediment from 
the area immediately adjacent to former Doane Lake.  It is also likely a result of overland transport to 
catch basins along NW Front Avenue or from properties with connections to the City Outfall 22B 
system.   

There is no indication that the RP property is a source of PCBs to the City Outfall 22C storm sewer 
system.  A sample of non-stormwater discharging from City Outfall 22C at the River was collected in 
July 2009 and analyzed for PCB congeners.  Individual PCB congeners were detected in this sample, 
and the total PCB concentration was 1.42E-07 mg/L.  Likely sources of PCBs to the City Outfall 22C 
storm sewer system include atmospheric deposition and runoff from Highway 30 into Doane Creek 
and NDL.  PCBs that may be transported to City Outfall 22C via stormwater and non-stormwater are 
not from an RP source area. 

The HDD does not represent a transport pathway for PCBs from the RP property.  The Aroclor 1260 
results in the HDD are spatially separated from other Aroclor 1260 detections at the RP property and 
vicinity by a considerable distance.  PCBs were not detected, or were detected as different Aroclors, 
in intervening soil samples.  The relative proportion of PCB congener concentrations detected in 
Arkema catch basin sediments is consistent with the PCB congener composition of Aroclor 1260  
(Frame, 1997), indicating that Arkema may have been the source of Aroclor 1260 to HDD soil.   

8.1.1.9 Petroleum Hydrocarbons 

The chromatograms from historical TPH analyses performed on samples collected from the RP 
property and vicinity properties show that many of the TPH results were only apparent detections and 
were not indicative of the presence of petroleum products.  Apparent TPH detections are attributable 
to the presence of other compounds, such as chlorinated benzenes, phenols, phthalates, or other 
compounds that were present in the sample.  All of these substances are measured and reported as 
TPH using the standard methodology, even though they are not actually TPH.     

Actual TPH detections (detections of material with a chromatographic pattern corresponding to that of 
a petroleum hydrocarbon product) are found in isolated locations close to likely source areas.  The 
actual TPH results from the RP RI datasets indicate multiple petroleum sources.  The available data 
demonstrate no downgradient migration of actual TPH from RP source areas, likely because of the 
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ready biodegradability of most petroleum hydrocarbons and the tendency of heavier petroleum 
hydrocarbons to adsorb to formation materials.  The distribution of actual TPH detections 
demonstrates that there are also no continuous transport pathways for TPH between the RP property 
and the River.  Most TPH results for groundwater samples between the RP plant area and the River 
are false positives related to the presence of DCBs, which elute in the diesel range in TPH analysis 
and which give a measureable response on the flame ionization detector (FID). 

Chromatographic interpretation for soil results indicates that TPH in soil is found only in isolated and 
localized areas on RP and other properties, and consists primarily of mid-range to heavier 
hydrocarbon fractions, sometimes as a mixture with other non-hydrocarbon constituents.   

Four NAPL samples were collected from two monitoring wells located in the HA (MW-08-27 and P-07) 
and one monitoring well located on BNSF property near the head of former WDL (RP-04-41).  TPH 
was detected in each sample but chromatographic interpretation indicates that non-petroleum 
interferences are responsible for significant contribution to the chromatographic profiles for samples 
MW-08-27 and RP-04-41. 

Petroleum hydrocarbons are detected in groundwater at all properties within the RP property vicinity.  
TPH is most commonly detected in the Artificial Fill or in the uppermost portion of the Fine-Grained 
Alluvium where the Artificial Fill is above the water table.  This is consistent with the sources of TPH to 
groundwater which are releases from a variety of heavy industrial uses, including fueling and 
equipment operation at multiple industrial facilities, the placement of fill in former Doane Lake, and 
potential placement of dredge spoils on Arkema, Gasco, NL/Gould, BNSF, and Siltronic properties. 

TPH was detected in sediment samples from WDL, but TPH in WDL sediment is no longer available 
for transport because the WDL IRAM has stabilized and solidified WDL sediments, minimizing 
potential for future leaching to groundwater.  Based on the other COIs detected in WDL sediments 
and the magnitude of those detections, it is likely that some COIs, such as chlorinated benzenes, 
phenols, and PAHs were detected by the TPH analysis and reported as TPH.  WDL surface water 
samples were not analyzed for TPH. 

TPH was detected between 1 and 10 feet bgs at all sampling locations except at NDL-105 in the 
southern arm of NDL, where no TPH was detected.  TPH was not detected at the deepest sample 
interval at each sampling location.  TPH in sediment is not migrating through surface water, 
stormwater, or non-stormwater because TPH was not detected in these media.  TPH analysis of non-
stormwater in City Outfall 22B and of stormwater and non-stormwater from City Outfall 22C indicate 
no TPH is present.   



 

AMEC Earth & Environmental, Inc. 
102 Project No.:  0-61M-107030/Phase 0104/T6 
 K:\10000\10700\10703\0100 RI-FS-ROD\0104 RI Report\Draft RI\RI-SCE Report.Docx 

8.1.1.10 Inorganics 

There is no discernible pattern or concentration gradient for metals in soil or groundwater at the RP 
property and vicinity that suggests the presence of a coherent plume that originates in and moves 
away from any particular source area.  Although areas of higher concentration are evident from the 
data, these apparent sources are surrounded by multiple locations with lower concentrations or 
locations where the metal was not detected.  The Lower Willamette Group (LWG) makes the same 
observation of lack of any evident distributional pattern in the upland groundwater evaluation provided 
in the Draft Remedial Investigation Report (LWG, 2009).  All the metals detected occur naturally in the 
sediment, soils, and rock in the area. 

The general distribution of metals is consistent with the natural and human history of the former 
Doane Lake area.  In particular, on the south side of the BNSF railroad tracks, former Doane Lake 
was filled with material from a variety of sources, including soil from various sources and dredged 
material from the River, foundry sands from ESCO, baghouse dust and other metal-bearing wastes 
from NL/Gould and predecessors, and limited amounts of construction debris.  On the north side of 
the BNSF railroad tracks, a variety of MGP-derived wastes, along with dredged material from the 
River, were used as part of wetland filling across what is now the Siltronic Site.  These fill materials 
contribute metals to environmental media in the RP property vicinity and are important sources of 
metals to the groundwater system. 

Naturally and anthropogenically altered subsurface conditions release natural and anthropogenic 
sources of metals.  River sediments and local soils derived primarily from nearby bedrock are high in 
a number of metals that are present in environmental media at the RP property and vicinity.  Data 
presented by USGS shows that soils and surficial materials in northwestern Oregon have some of the 
highest concentrations of aluminum, barium, copper, chromium, iron, manganese, vanadium, and zinc 
in the contiguous United States (Gustavsson et al., 2001).  This document shows that arsenic 
concentrations in the same area exceed risk based screening levels across a large area.  Use of 
these materials for fill in a wetland environment exposes them to weathering processes that tend to 
release these metals into groundwater and elevated metals concentrations are commonly associated 
with filled wetland areas. 

Historical operations at the NL/Gould facility resulted in the release of battery acid to former Doane 
Lake.  The low pH conditions caused by the released acid likely resulted in dissolution of metals form 
fill and formation materials.  Release of organic materials from other sources, including resins 
associated with ESCO foundry sands and solvents released from historical RP operations, likely 
resulted in changes in redox conditions that may have added to release of metals from fill and 
formation materials. 
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Despite the presence of apparent release points for various metals, including either actual release of 
lead, in the case of NL/Gould, or metal releases caused by acid or changed redox conditions, there is 
no evidence of transport in groundwater of metals from areas of higher concentration to the River.  
This absence of any metal plume is likely related to the same series of geochemical controls 
previously discussed for PCDD/PCDFs, PCBs, and OCIs.    

Many of the higher concentrations of metals in groundwater represent older data, some dating back 
as far as the early 1980s.  These data were collected before minimal drawdown (i.e., low-flow) 
sampling techniques.  These data have been included at the direction of DEQ, but are highly 
uncertain and of doubtful value for understanding the distribution of metals in groundwater at the RP 
property vicinity.  There is a substantial likelihood that sampling techniques in use at that time resulted 
in entrainment of formation materials in the samples, so that the results do not represent actual 
groundwater concentrations, leading to an inaccurate picture of nature and extent. 

8.1.2 Screening Values 
The screening values used in this RI/SCE Report come from a variety of sources.  Screening values 
used for the RI may be different than those used in the SCE.  These do not represent ARARs.  
Selection and identification of ARARs will occur at the time of remedy selection.     

8.1.2.1 RI Screening Values 

The nature and extent sections compare selected constituent concentrations to screening values.  
The published screening values used are: 

● EPA Soil and Tap Water Regional Screening Levels (RSLs) (EPA, 2010b); and   

● EPA National Recommended Water Quality Criteria (NRWQCs) (EPA, 2009e). 

The EPA RSLs were selected because the list is one of the most comprehensive lists available.  The 
EPA NRWQCs were used for media where RSLs were not considered applicable, such as for 
constituents detected in non-stormwater and stormwater flow and media at the riverbank. 

Inorganic compound concentrations were also compared to naturally occurring concentrations.  The 
naturally occurring values used are: 

● Site-specific groundwater background concentrations (AMEC, 2009p; DEQ, 2009d); and 

● Published background values for soil and sediment (DEQ, 2002). 
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The screening values used are not cleanup goals or indicators of risk levels.  They are a reference 
point for discussion and presentation purposes only.  On- and off-property media are being evaluated 
in deterministic site-specific risk assessments in separate documents.  An ERA for NDL is in process 
and the RP property ERA was completed (AMEC, 2004p and 2006g).   

8.1.2.2 SCE Screening Values 

The discussion of constituent nature and extent in Section 8 includes comparison to the SLVs used in 
Section 16 where such comparison provides useful context and where constituents are proximal to 
the River.  The SCE discussion in Section 16 uses a screening process developed with DEQ to 
evaluate constituents in environmental media with the potential to impact the River.  The SLVs are 
from a variety of published values.  Generally, the most conservative value is used though there are 
some exceptions as directed by DEQ.  The SLVs are described in Section 16.1.2 and presented in 
Appendix J, Tables J-1 and J-2.  

SLVs are used to develop a list of constituents of potential concern (COPCs) for consideration in a 
potential SCAA and should not be considered to be either cleanup levels or triggers for source control 
or any other category of remedial action.  An evaluation of potential ARARs in the context of 
identifying remedial action objectives, points of compliance, and development of cleanup levels would 
be completed as part of a potential SCDD. 

8.1.3 Data 
This RI/SCE report includes data over a 30-year period, collected using a variety of investigative 
sampling techniques, and analyzed using multiple methods that have evolved over that time.  

The RI data set includes all data in the RP project database from 1981 through January 2010, with a 
few exceptions.  The exceptions include:   

● Samples from soil that is no longer in place (e.g., EDL sediments); 

● Analytical results that were rejected through validation; 

● Groundwater results from the LA pilot study well network during the pilot study (however, 
LA pilot study data are used as appropriate for natural attenuation evaluation); 

● Sampling or surveys from the River; and 

● Data collected and reported by others. 

This section describes how specific types of data within the RP RI dataset were applied in the 
discussion of nature, extent, fate, and transport. 
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8.1.3.1 Pre-2007 Data Considerations 

Although the RI uses data from as far back as 1981, the use of older data is often problematic.  Both 
database and analytical quality issues were identified during development of the RI/SCE Report.   

Database problems included the following: 

● Incorrect data entry from early investigations (e.g., incorrect results, units, or sample 
identifiers relative to the associated laboratory or consultant reports); 

● Unvalidated data with analytical problems (e.g., results that should have been rejected or 
qualified based on laboratory quality control criteria, but did not undergo data validation); 

● Inaccurate survey data (e.g., soil samples with coordinates that plot on the wrong 
property);  

● Incomplete or missing data fields (e.g., no depth provided for a soil sample); and 

● Misreported analytical results. 

Database issues were corrected when possible; however, it is likely that data problems remain.  
Emphasis was placed on checking or correcting data that could significantly affect conclusions 
regarding nature and extent of constituents.   

Sampling and analytical methods have evolved in attempts to achieve higher accuracy and precision 
and lower detection limits.  Many constituents in the RP project database have been analyzed by 
multiple methods throughout the investigation, resulting in varying data quality and detection/reporting 
limits.  These considerations are very important in evaluation of the nature, extent, fate, and transport 
of constituents, but also often make interpretation of constituent distribution difficult.  The more 
significant problem is use of analytical methods that are prone to produce false positive or high-biased 
results, especially when decisions will be made based on very low concentrations and concentrations 
often at or below MDLs.  This is of particular importance for OCI, PCDD/PCDF, and metal data in the 
RP property vicinity.  A summary of the problems identified and considered during data evaluation 
when using older (pre-2007) OCI and PCDD/PCDF and pre-2000 metal data follows.  Other specific 
problems with the use of older data are identified in the Data Usability subsections of each constituent 
class/group discussion in Section 8. 

● Groundwater samples collected for metal analysis prior to the early 2000s were not 
collected using minimal drawdown (low flow) sampling techniques and are likely biased 
very high due to entrainment of formation materials.  This fact helps to explain why most of 
the highest detections of metals were found in these early samples and why later samples 
collected in the same vicinity were significantly lower. 
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● RI groundwater samples collected prior to 2007 were analyzed for OCIs by the standard 
EPA 8081A technique using GC/ECD.  Samples collected since 2007 were analyzed by 
GC/HRMS or GC/MS/MS, which are more advanced techniques offering better detection 
limits and increased selectivity compared to GC/ECD.  Standard GC/ECD and Low Level 
GC/ECD do not offer sufficiently low detection limits to be useful and both are subject to 
false positive results.  Ultra Trace Level GC/ECD gives detection limits sufficiently low to 
be usable, but is also subject to false positive results.  Samples collected since 2007 and 
analyzed by GC/ECD with OCI detections were re-analyzed by GC/HRMS or MS/MS when 
possible, to confirm the reliability of the detections.  Some of the low-level OCI detections 
in the RI data set may be false positive results related to the presence of interfering 
compounds such as PAHs.   

● Standard methods for analysis of PCDDs/PCDFs can result in false positives that can be 
rectified with additional measures.  Additional quality control practices exceeding the 
requirements of EPA Method 1613B were implemented during 2007 and 2008 to 
ameliorate the interferences and improve data quality.  Implementation of these additional 
measures lead to a significant reduction in the number of low-level detections of 
PCDDs/PCDFs that were inconsistent with the sources and distribution of PCDDs/PCDFs 
at the RP property and vicinity.  Dioxin data collected before 2007 is highly uncertain 
because these samples were not analyzed using these expanded QC protocols; the extent 
of false positive results in the earlier data cannot be determined; and the earlier data in 
some areas is inconsistent with data generated using more appropriate, updated QC 
protocols.   

Data collected by third parties in the RP property vicinity were not subjected to the quality control 
practices implemented by StarLink, are therefore suspect, and cannot be compared to data from the 
RP RI data set. 

Samples collected at other sites in the RP property vicinity have frequently not been analyzed using 
methods that generate results adequate for comparison to current regulatory criteria.  In particular, 
analysis of samples for OCIs and PCBs at most sites have been conducted using GC/ECD 
techniques that generate detection limits orders of magnitude higher than JSCS SLVs.  Again, these 
results are not useful for comparison to the RP RI data. 

8.1.3.2 Soil Data Collected Below the Water Table 

Some of the soil samples collected during the RI were obtained at or below the water table.  These 
samples were typically excluded from the discussion of nature and extent in soil because these 
samples represent both dissolved and sorbed constituents.  However, soil samples collected at or 
below the water table were considered to understand the nature and extent of constituents in 
groundwater. 
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The soil data tables contained in Appendix C include all soil data collected, regardless of position 
relative to the water table.  The first table presented in Appendix C provides a listing of soil samples 
and a note indicating the relative position of each sample to the water table (i.e., above, below, or 
“maybe” for those locations where a positive determination could not be made from available 
information).   

8.1.3.3 Groundwater Reconnaissance Data 

Groundwater results include samples from exploratory and well-installation borings as well as from 
established monitoring wells.  Groundwater data from borings were useful for identifying initial 
subsurface conditions during a preliminary assessment, but are not reliable as representative 
groundwater data.  Although included in the comprehensive data tables provided in Appendix C, 
groundwater data collected from borings are generally not included in the Section 8 discussions 
because they are temporally insignificant and may not be representative of groundwater conditions.      

Groundwater samples collected from soil borings represent discrete locations within the water-bearing 
unit and lack the hydraulic connection to the surrounding aquifer environment (WDNR, 2001).  These 
samples are strongly influenced by the material directly in contact with the sampled groundwater 
rather than equilibrated to the surrounding formation.  In general, groundwater samples from soil 
borings are unrepresentative of the groundwater quality of the water-bearing unit overall, and 
analytical results from such samples can be misleading if taken out of context of a larger groundwater 
sampling plan and monitoring network. 

In addition, groundwater collected from established monitoring wells has been filtered through the 
sand pack of the well.  Groundwater collected from soil borings has not been filtered through a sand 
pack, and the result is increased turbidity due to the presence of fines (WDNR, 2001).  Contaminant 
adsorption to the fines can significantly alter the chemistry of the groundwater sample. 

8.1.3.4 Constituents Reported by More than One Method 

Some analytes were reported by more than one analytical method.  All results are included in the 
comprehensive data tables in Appendix C.  However, a single method was selected for data displayed 
on figures and used in discussion of nature and extent.  Consistent with past reporting and standard 
data reporting practice, results from one analytical method were selected to represent analyte 
concentrations throughout this report.   

The method selected for data display and discussion, and the reason why, are summarized below for 
constituents reported by more than one method. 
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● Dichlorobenzenes (DCBs) and trichlorobenzene:  Reported by both EPA Methods 8260B 
and 8270C; EPA 8260B was selected because results are generally greater from EPA 
8260B than from 8270C.     

● Hexachlorobenzene:  Reported by both EPA Methods 8151 and 8270C; EPA 8151 was 
selected because it generally has lower detection limits than EPA 8270C.   

● 4-Nitrophenol and pentachlorophenol:  Reported by both EPA Methods 8151 and 8270C; 
EPA 8270C was selected because these analytes are not always part of the EPA 8151 list 
and GC/MS analysis (with EPA 8270C) is more definitive than ECD (EPA 8151) analysis.   

● Naphthalene:  Reported by both EPA Methods 8260B and 8270C; EPA 8270C was 
selected because naphthalene is typically considered an SVOC and is often related to 
other SVOC sources, and EPA 8270C SIM results can have lower detection limits; 
however, some EPA 8270C detections are lower than EPA 8260B detections, and EPA 
8260B detections are more frequent.  Where significant concentrations of naphthalene are 
detected by EPA 8260B, these are discussed as appropriate.   

8.1.4 Data Presentation   
The nature and extent of selected representative constituents are presented on figures.  Different 
presentations for the various media were used, mainly: 

● Distribution figures posting selected analytical results for specific media are provided in 
Appendices F (for the RI) and K (for the SCE); and 

● Concentration-scale figures illustrating distribution of selected constituents in soil and 
groundwater are provided in Appendix H. 

These figure sets are described in the sections below. 

8.1.4.1 Media Distribution Figures 

The distribution figures in Appendices F and K display analytical results for various media.  The 
figures include: 

1.  NAPL, soil, groundwater, lake sediment, surface water, pore water, and stormwater/non-
stormwater media; 

2.  Analytical results for selected constituents in the various constituent classes discussed in 
Section 8; these are considered to be representative of RP property and vicinity 
constituents and groups of constituents based on common physical or chemical 
properties including mobility, solubility in water, toxicity, and source areas; 

3.  Analytical results from 1981 through January 2010, with specific exceptions as noted in 
Section 8.1.3; and 
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4.  A comparison to screening values where deemed appropriate and as discussed further 
in Section 8.1.2. 

8.1.4.2 Concentration-Scale Figures 

Distribution figures using concentration-scaled dots are provided in Appendix H and were used to 
evaluate the nature and extent of selected constituents in soil and groundwater.  Although the 
distribution figures in Appendix F provide accurate numerical results for each location, they are 
difficult to evaluate due to the volume of information presented.  The concentration-scale figures 
provide a more visual representation of constituent extent than is depicted in the distribution figures.   

The figures in Appendix H: 

1.  Include soil and the most recent monitoring well groundwater samples; 

2.  Display the magnitude of concentration at each sampling location; and 

3.  Depict exceedances and non-detects. 

8.1.4.3 Additional Data Display Tools 

Golder Associates (Golder) performed hydrogeologic simulations of dissolved-phase groundwater 
constituent distribution in the RP property vicinity using Environmental Visualization System/Mining 
Visualization System modeling software, version 9.4 by C-Tech Corporation (EVS).  EVS is a three-
dimensional modeling and visualization tool developed specifically for evaluation of complicated 
contaminant hydrogeology.  The following constituent classes were assessed to evaluate general and 
specific characteristics of the groundwater constituent concentrations at the RP property and vicinity:  
VOCs, SVOCs/PAHs, PCBs, herbicides, insecticides, PCDDs/PCDFs, and inorganics.  These 3-
dimensional depictions were useful for the evaluation of groundwater conditions and constituent 
transport.  The depiction of constituent distribution also provided another analysis tool to cross-check 
constituent migration and the CSM. 

EVS does not incorporate hydrogeologic conditions (e.g., groundwater flow directions or the relative 
transmissivities of hydrostratigraphic units) or manmade alterations to groundwater flow or transport 
(e.g., pumping wells, slurry walls, or in-situ remedial actions) except as reflected in the measured 
concentrations detected at monitoring wells.  Because EVS plots require this additional interpretation 
and were one of many tools used in the evaluation, they are not provided in this document. 

8.1.5 Organization of Section 8 
The remainder of Section 8 is organized as follows. 
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● Section 8.2 - NAPL Area:

● 

  This is a discussion of NAPL occurrence and constituents 
detected in NAPL samples. 

Section 8.3 - Natural Attenuation Evaluation:

● 

  This evaluation includes a discussion of 
geochemical controls on transport of non-volatile organic constituents and indicators of 
biodegradation of organic constituents and evidence of microbial activity. 

Sections 8.4 through 8.11 - Nature and Extent/Fate and Transport for VOCs, SVOCs, 
Chlorinated Herbicides, OCIs, OPIs, PCDD/PCDFs, PCBs, Petroleum Hydrocarbons, and 
Inorganics:

– Overall Conclusions (and Overall Conclusions Regarding Specific Classes, where 
appropriate) 

  Each section, many of which are described by subgroups based on common 
physiochemical properties, typically includes the following subsections: 

– Physical Properties/Environmental Fate 

– Data 

– Sources 

– Nature and Extent  

– Fate and Transport  

– Summary of Transport Pathways 

8.2 NAPL AREA 

This section presents an evaluation of the composition, distribution, and extent of the residual and non 
residual NAPL at and near the RP property.  This NAPL evaluation considered observations of and 
analytical results for NAPL in soil, sediment, and groundwater.  The information presented in this 
section is based on the DEQ-approved Draft NAPL Evaluation Report for the RP property, submitted 
to DEQ on August 27, 2004 (AMEC, 2004u).  Information from the NAPL evaluation report was 
updated with NAPL observations and measurements made between 2004 and 2008 and groundwater 
data collected between 2004 and January 2010. 

For the purposes of this report, NAPL is defined as follows: 

● Residual NAPL is “immobile, nonwater entrapped NAPL that does not drain from the pore 
spaces and is conceptualized as being either continuous or discontinuous” (White et al., 
2004).  Residual NAPL includes NAPL observed within soil or sediment samples.  The 
terms NAPL blebs and NAPL beads have also been used in RI-related documentation to 
describe residual NAPL. 

● Non-residual (also known as mobile) NAPL is “continuous in the pore space and flows 
under a pressure gradient or gravitational body force” (White et al., 2004).  Non-residual 
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NAPL includes NAPL observed or measured in monitoring wells.  The terms mobile, 
LNAPL, and dense non-aqueous phase liquids (DNAPL) have also been used in RI-related 
documentation to describe non-residual NAPL. 

NAPL related to RP operations is present in only a limited area in the HA, LADD, and near the 
southern end of former WDL.  The composition of the NAPL differs between these areas.  There is 
primarily LNAPL in the HA, with nonhalogenated aromatic constituents such as benzene, xylenes, 
toluene, and other alkylbenzenes predominating over chlorinated constituents such as DCBs, 
trichloroethene, dichloromethane, and other chlorinated benzenes.  In contrast, NAPL in the LADD is 
primarily dense in nature, and is mainly composed of DCBs, with lesser amounts of other chlorinated 
and nonhalogenated constituents.  The diffuse residual NAPL near the southern end of former WDL 
consists of a mixture of these chemical types, and tends to be either dense or of approximately 
neutral density.   

Monitoring through the years has demonstrated that NAPL on the RP property and in the LADD is 
stable, and is not moving in the subsurface.  As a result, although NAPL serves as a source of the 
relatively soluble constituents to groundwater, NAPL is also a trap for constituents with lower aqueous 
solubility, and prevents movement of these constituents away from primary source areas.  The nature 
of the constituents present in NAPL also serves as a fingerprint of organic constituents related to 
historical RP operations in the HA. 

8.2.1 Observations 
Field observations generally indicate the presence of NAPL beneath the northern portion of the HA, 
the LADD, and the southern end of former WDL (Tables 8-A and 8-B, and Figures H-386 and H-387 
in Appendix H).  A summary of NAPL field observations follows: 
 

● Nearly all of the NAPL observations were residual NAPL or disseminated blebs.   

● Non-residual NAPL was present in only a limited area in the northern portion of the HA and 
the southern end of former WDL.   

● Non-residual NAPL is predominantly LNAPL in the HA and DNAPL in the LADD. 

● Observations of NAPL in groundwater are limited to 13 wells.  NAPL is not consistently 
observed in many of these wells and has decreased over time.   

● Residual NAPL was observed in subsurface soil samples from the northern portion of the 
HA and near the WTP, the LADD area, and in sediment samples from the southern end of 
former WDL (Figure H-386 in Appendix H); one reported observation of NAPL in soil in the 
IA (ITB-15, in 1995) was not confirmed by several additional samples collected in the 
immediate vicinity.   
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● NAPL was observed at depths ranging from approximately 2 to 60 feet bgs in and near the 
HA, from 13 to 45 feet bgs in the LADD area (AMEC, 2004u), and from 3 to 11 feet bwsi in 
former WDL (AMEC, 2009e) (Table 8-A, and Figure H-386 in Appendix H).   

● Discontinuous LNAPL was observed on the surface of groundwater in four test pits 
associated with the intrusive investigations performed in the LADD area between 2005 and 
2008 (AMEC, 2006c, 2009j; Figure H-387 in Appendix H).   

● NAPL was observed and collected near NDP in PZ-03-40W (AMEC, 2008a).  The 
composition of this NAPL is distinct from NAPL observed in the HA and LADD.  The NAPL 
observed at PZ-03-40W is indicative of MGP waste (DEQ, 2008b), as would be expected 
by the location of PZ-03-40W in an area where MGP wastes are known to have been 
disposed.  This sample is described in Section 8.2.3.3. 

● The presence of residual NAPL is laterally and vertically discontinuous (see Figures H-386 
and H-387in Appendix H), especially in the former Doane Lake and LADD areas.     

8.2.2 Monitoring 
Selected groundwater monitoring wells have been periodically monitored for the presence and 
thickness of NAPL throughout the RI.  Most recently, monitoring was conducted on a bimonthly basis 
from December 2003 to July 2004 and then on an approximately yearly basis between 2004 and the 
present.  NAPL was removed when present in a measurable thickness in a monitoring well.  NAPL 
thickness and volumes removed are presented in Table 8-C and are summarized below:  

● NAPL was not observed, or was observed inconsistently, in the majority of wells selected 
for monitoring. 

● NAPL has been consistently observed, measured, and removed at monitoring wells RP 04 
41 and MW 08 27. 

– LNAPL was observed in monitoring well MW 08-27 during monitoring events 
conducted from December 2003 to April 2008.  LNAPL has been recovered from 
monitoring well MW 08 27 on 17 occasions, with removal volumes ranging from 1 to 17 
L (Table 8-C).  The LNAPL thickness recovered to pre-removal levels within 
approximately 1-2 weeks of removal. 

– DNAPL was observed at monitoring well RP 04 41 on December 17, 2003.  RP-04-41 
is located near the south end of former WDL.  Less than 1 L (750 mL) DNAPL was 
removed from this well in December 2003.  Only trace amounts of NAPL have been 
observed at monitoring well RP 04 41 during the eight monitoring events conducted 
since December 2003.   

NAPL thickness observed in monitoring wells is likely greater than the actual in-situ thickness.  The 
scientific literature indicates that the thickness of NAPL in the formation surrounding the well does not 
necessarily correlate with, and may frequently be much less than, the thickness measured in a 
monitoring well (EPA, 1995b).  
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8.2.3 Composition 
In addition to monitoring of presence and thickness of NAPL in these wells, samples were collected 
for laboratory analysis in order to generate data regarding NAPL composition.  These analytical 
results were reviewed to evaluate spatial and temporal variability in NAPL composition.  NAPL 
samples were collected for laboratory analysis from the following monitoring wells and piezometers on 
the indicated dates: 

● MW-05-54 - March 30, 2000; 

● MW-08-27 - September 26, 2000, October 4, 2000 (PCDD/PCDFs only), April 23, 2002, 
and December 17, 2003; 

● P-07 - June 24, 1999; 

● PZ-03-40W - December 1, 2006; and 

● RP-04-41 - December 17, 2003 and May 31, 2007. 

A summary of the constituents detected at the highest concentrations in NAPL samples is presented 
in Table 8-D, and all NAPL data are presented on Tables C4-1 through C4-8 in Appendix C.   

Several sources of error in analysis of NAPL samples were considered during the evaluation of NAPL 
composition.  Analysis of petroleum hydrocarbons in NAPL samples is subject to multiple false 
positive results because the presence of large concentrations of chlorinated constituents can result in 
the presence of non-petroleum chromatographic peaks within the retention time range for petroleum 
products.   

Sample preparation and instrumental analysis employed in modern environmental laboratories are 
designed for maximum accuracy in determination of ultra trace level to trace level concentrations.  
These procedures may not be entirely appropriate for minor constituent analysis due to the extremely 
high dilutions required for analysis, and the fact that such concentrated samples tend to overwhelm 
the capacity of extract cleanup procedures.  In addition, an evaluation of the chromatograms for 
petroleum hydrocarbon analysis of NAPL samples from monitoring well MW-08-27 in 2002 and 2004 
and from monitoring well RP-04-41 in 2004 indicates interference by non-petroleum constituents (see 
Section 8.11). 

In light of these considerations, the following sections summarize the compositional differences of 
major, non-petroleum hydrocarbon constituents detected in NAPL samples collected from monitoring 
wells located on the RP property, near the head of former WDL, and near the NDP in an area where 
MGP waste is documented to be present.   
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8.2.3.1 HA  

As previously noted, NAPL has been sampled in HA monitoring wells MW-08-27, MW 08-46, MW-05-
34, and HA piezometer P-07 (Table 8-D).  A general summary of the bulk composition and properties 
of the NAPL present in each of these monitoring wells is provided below. 

A sample of NAPL from monitoring well MW-05-34 was collected on March 30, 2000.  Field 
observations indicate that this sample was DNAPL.  Analytical data for the sample collected from this 
well show that the NAPL is composed primarily of aromatic hydrocarbons, chlorinated benzenes, and 
chlorinated alkenes, and contains chlorinated phenols, chlorinated herbicides and PCDDs/PCDFs, 
consistent with historical RP operations in the vicinity of this monitoring well.  Neither insecticides nor 
PCBs were detected in this NAPL.  

Samples of NAPL from MW 08-27 were collected in September 2000, October 2000 (PCDDs/PCDFs 
only), April 2002, and December 2003 (Table 8-D).  The specific gravity of the 2003 NAPL sample 
from MW-08-27 (the only sample for which specific gravity was measured) was 0.92 and is classified 
as LNAPL.  Field observations of NAPL density relative to water indicate LNAPL in this monitoring 
well.  The analytical data for the NAPL sample collected from MW-08-27 indicate that the NAPL is 
composed primarily of aromatic hydrocarbons with lesser amounts of chlorinated benzenes and 
chlorinated alkenes, and contains chlorinated phenols, chlorinated herbicides and PCDDs/PCDFs, 
consistent with historical RP operations in the vicinity of this monitoring well.  Neither insecticides nor 
PCBs were detected in this NAPL.  The major constituent composition of NAPL in MW 08 27 was 
unchanged between 2000 and 2003, and there is no evidence that NAPL sources near MW-08-27 
have varied over time. 

A sample of NAPL from monitoring well MW-08-46 was collected on October 4, 2000.  Field 
observations indicate that this sample was DNAPL.  Analytical data for this sample show it to be 
similar in composition to the NAPL samples collected from MW-08-27. 

A sample of NAPL from piezometer P-07 was collected on June 24, 1999.  The major component 
composition of NAPL from this monitoring was dissimilar to the composition of NAPL present in the 
MW-05 and MW-08 well clusters, likely as a result of differences in historical chemical storage in the 
vicinity of P-07.  The primary components of NAPL in the sample collected from P-07 were found to 
be DCBs, and chlorinated phenols, along with isobutyl alcohol, 2,4-D, MCPP and MCPA.  Neither 
PCBs nor insecticides were detected in the P-07 NAPL sample, consistent with other NAPL samples 
from the HA. 



 

AMEC Earth & Environmental, Inc. 
Project No.:  0-61M-107030/Phase 0104/T6 115 
K:\10000\10700\10703\0100 RI-FS-ROD\0104 RI Report\Draft RI\RI-SCE Report.Docx 

8.2.3.2 LADD Area and Former WDL 

Samples of NAPL from monitoring well RP-04-41 were collected in December 2003 and May 2007.  
The NAPL sample collected from RP-04-41 in 2003 had a specific gravity of 1.18.  The NAPL in RP-
04-41 is, therefore, classified as DNAPL, consistent with field observations.  The DNAPL from 
monitoring well RP-04-41 is primarily composed of DCBs and 2,4-D. 

Analytical results from the RP 04 41 DNAPL samples were compared to results from sediment 
samples from former WDL that contained NAPL (W002, WDL-201-S, TS-1, and TS 1 [2008]; see 
Tables C7-1 and C7-3 in Appendix C).  The dominant constituents present in RP 04 41 and former 
WDL sediments were DCBs, 2,4-D, and xylenes.   

8.2.3.3 PZ-03-40W  

NAPL in piezometer PZ-03-40W, located north of NDL near the NDP and in an area where MGP-
related wastes associated with historical Gasco operations are documented to be present, was 
sampled in December 2006 (Table 8-D).  This sample was classified as DNAPL based on its 
presence at the bottom of the piezometer and a density of 1.10 g/mL (AMEC, 2008a).  The 
composition of this sample includes naphthalene, acenaphthene, fluoranthene, fluorene, 
phenanthrene, and pyrene, common components of MGP waste.  Chlorobenzenes, xylenes, and 
other constituents typically detected in NAPL samples from and adjacent to the RP property were not 
detected in the PZ-03-40W NAPL sample (Table 8-D).   

The composition of the DNAPL in piezometer PZ-03-40W is consistent with MGP material and is not 
NAPL from the RP property.  DEQ agreed with this interpretation in a letter dated December 17, 2008 
(DEQ, 2008b).  The results are consistent with areas of historical MGP wastes found on the Siltronic 
property as described in the NW Natural and Gasco Remedial Investigation Report (HAI, 2007a).  

8.2.3.4 Composition Conclusions 

With the exception NAPL collected from piezometer P-07, NAPL in the HA has greater concentrations 
of nonhalogenated constituents than DCBs, and NAPL in the LADD has greater concentrations of 
DCBs than nonhalogenated constituents (Table 8-D).  The NAPL composition heterogeneity strongly 
indicates that NAPL in different locations of the RP property is not related to subsurface movement 
and is not from a single common source.  NAPL has not been transported significantly away from its 
point of release in the HA, the LADD, or the southern end of former WDL, based on the temporal 
stability of NAPL observations and groundwater concentrations.   



 

AMEC Earth & Environmental, Inc. 
116 Project No.:  0-61M-107030/Phase 0104/T6 
 K:\10000\10700\10703\0100 RI-FS-ROD\0104 RI Report\Draft RI\RI-SCE Report.Docx 

8.2.4 Groundwater Concentrations as NAPL Indicator 
Groundwater concentrations exceeding at least 10% of the pure phase or effective solubility can be 
used as an extremely conservative indication of a water-immiscible liquid in soil (Pankow and Cherry, 
1996).  Dissolved concentrations exceeding 10% of the pure phase solubility by themselves do not 
positively identify the presence of non-residual NAPL because the original subsurface contaminant 
source may be water with elevated constituent concentrations, and not NAPL (Divine, 2001).  
Information regarding concentrations of certain constituents in groundwater as a percentage of pure-
phase solubility is being provided as another line of evidence considered in understanding the 
potential distribution of non-residual NAPL, and not as a stand alone NAPL delineation tool. 

On- and off-property groundwater data collected from 1995 to 2009 were compared to literature 
values for aqueous solubility to identify areas for which the concentration of NAPL components 
exceeded 10% of the component pure-phase solubility (Table 8-E).  The comparison of groundwater 
concentrations to aqueous solubility was performed on the components that are expected to comprise 
the bulk of the NAPL phase, specifically the aromatic VOCs (ethylbenzene, 1,2,4 trimethylbenzene, 
m,p-xylene, and o-xylene) and chlorinated benzenes (1,2 dichlorobenzene, 1,4-dichlorobenzene, and 
chlorobenzene) (Table 8-E).  Constituents like PCDDs/PCDFs, PAHs, insecticides, phenols, and 
herbicides were not included in this evaluation because they are solids at standard temperatures and 
pressures, and are nearly insoluble in water.  Diesel concentrations in groundwater were not 
evaluated because of the compositional uncertainty related to chromatographic interferences from 
dichlorobenzene and other constituents, weathering, and microbial degradation.  

Isoconcentration contour lines indicating concentrations greater than or equal to 10% of pure phase 
solubility in groundwater for one or more of the evaluated constituents are shown in Figure H-387 in 
Appendix H.   

Groundwater concentrations equal to or greater than 10% of aqueous-phase solubility were calculated 
for the following locations: 

● Monitoring wells MW 05-24, -34; MW 08-46; RP 04-41; and RP-15-53, -65; 

● Extraction wells C, E, and F;  

● Temporary boring GGW-04; and  

● Piezometer P-103.   

In general, the shape and location of the area with groundwater concentrations equal to or greater 
than 10% of NAPL constituent solubility corresponds with the general areas in which non residual 
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NAPL has been observed.  The visual observations and pure-phase solubility calculations corroborate 
that non-residual NAPL is present in a defined and very limited area, and that there are no significant 
areas of unidentified NAPL on or downgradient from the RP property.   

The absence of visual NAPL observations and groundwater concentrations greater than 10% of pure-
phase solubility at monitoring wells completed in the basalt indicate no evidence for NAPL in the 
basalt beneath the HA or the IA.  Dissolved concentrations exceeding 10% of the pure-phase 
solubility by themselves do not positively identify NAPL, and there have been no visual observations 
of NAPL in any basalt wells other than a single detection at BST5W-74 in 2000.  

8.2.5 Conclusions 
The following are conclusions regarding NAPL distribution: 

● Visual NAPL observations and groundwater concentrations indicate the presence of NAPL 
beneath the northern portion of the HA, the LADD, and the southern end of former WDL.   

● Nearly all of the NAPL observations were residual NAPL or disseminated blebs. 

● The presence of residual NAPL is laterally and vertically discontinuous between the HA, 
LADD area, and former WDL. 

● Non residual NAPL observations are limited to the northern portion of the HA and the 
southern end of former WDL. 

● Visual observations and laboratory testing indicate that non-residual NAPL is 
predominantly LNAPL in the HA and DNAPL in the LADD. 

● The non residual NAPL in the northern portion of the HA is partially captured by the 
existing groundwater extraction treatment system (see Section 5.0). 

● In general, NAPL in the HA has greater concentrations of nonhalogenated constituents 
than DCBs, and NAPL in the LADD area has greater concentrations of DCBs than 
nonhalogenated constituents.  

● The NAPL compositional heterogeneity of the RP property indicates that NAPL in the 
different locations is not related to subsurface movement of NAPL from a single common 
source.   

● Temporal stability of visual NAPL observations and groundwater concentrations at 
groundwater monitoring wells suggest that NAPL has not been transported significantly 
away from the HA, the LADD, or the southern end of former WDL.   

● The DNAPL in piezometer PZ-03-40W is consistent with MGP material and is not NAPL 
from the RP property. 
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● In general, the area with groundwater concentrations equal to or greater than 10% of 
NAPL constituent solubility corresponds to the areas in which non-residual NAPL has been 
observed. 

● There have been no observations of NAPL during groundwater monitoring events in any 
basalt wells other than a single detection at BST5W-74 in 2000.   

● One reported observation of NAPL in 1995 in the IA could not be confirmed by subsequent 
investigation, and NAPL has not been observed or implied by groundwater concentrations 
in the IA.  The potential presence of NAPL in the IA is therefore considered unlikely, and 
will not be addressed in the RP FS.   

8.3 NATURAL ATTENUATION EVALUATION 

Natural attenuation is a variety of physical, chemical, or biological processes that reduce mass, 
toxicity, mobility, volume, or concentration of contaminants in soil and groundwater (EPA, 1997).  
Natural attenuation processes include biodegradation, dispersion, dilution, sorption, volatilization, and 
chemical or biological stabilization, transformation, or destruction of contaminants (Wiedemeier et al., 
1999).  Natural attenuation is chiefly discussed in the context of geochemical controls that limit 
transport of non-volatile organic constituents and aid in biodegradation of organic constituents.   

RP property and vicinity geochemical and historical soil and groundwater chemistry data indicate that 
natural attenuation, including natural biodegradation of organic constituents and sequestration of non-
volatile organics within iron/manganese precipitates, is occurring.  These processes represent an 
important control on fate and distribution of organic constituents in groundwater and surface water.  
Specific evidence of natural attenuation processes in the RP property vicinity includes: 

1.  Chlorinated phenols and chlorophenoxy acetic acid herbicides in groundwater attenuate 
within a short distance from source areas, consistent with the known high level of 
biodegradability of these constituents; 

2.  Trichloroethene is degraded to vinyl chloride in the former Doane Lake area, with no 
evidence of increasing concentrations of cis-1,2-dichloroethene, consistent with 
anaerobic biodegradation of chlorinated ethenes; 

3.  PCDDs/PCDFs in groundwater that are related to RP source areas are generally 
confined to the immediate vicinity of those source areas, consistent with sequestration of 
the PCDDs/PCDFs through adsorption to organic matter and precipitated 
iron/manganese solids; and 

4.  Areas in groundwater where metals are detected at higher concentrations are spatially 
isolated, with no clear concentration gradient away from the higher concentration area, 
and no identifiable pattern in the overall distribution of the individual elements, consistent 
with conditions where formation of iron/manganese precipitates control transport of the 
metals. 
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It is likely that natural attenuation of other constituents and constituent classes is also occurring in 
groundwater in the RP property vicinity, and these processes will be evaluated as part of any future 
feasibility study or remedial design activities for those constituents for which historical RP operations 
are primarily responsible. 

The following sections present a discussion of the geochemical conditions at the RP property and 
vicinity properties, through an examination of geochemical controls on transport of non-volatile 
organic constituents (Section 8.3.1), indicators of biodegradation of organic constituents (Section 
8.3.2), evidence of microbial activity (Section 8.3.3), and evidence of biodegradation of constituents 
(Section 8.3.4).  This section provides the basis for evaluation of natural attenuation processes that 
may be ongoing at the RP and vicinity properties as they affect nature, extent, fate, and transport for 
each constituent class (Sections 8.4 through 8.12).  Further investigations may be necessary to 
determine the exact manner in which natural attenuation processes can be best integrated as a 
component of the final remedial design for COIs.   

8.3.1 Geochemical Controls on Transport of Non-Volatile Organic Constituents 
RP and vicinity property data suggest a series of geochemical controls in the soil-groundwater system 
that trap non-volatile organic constituents in precipitated iron complexes and prevents their movement 
in the groundwater system.  The Lake Area Persulfate Pilot Study (AMEC, 2008t) found that colloids 
in RP and vicinity property groundwater form strong aggregates of particles of a size and nature that 
are less likely to be mobile in the geologic units.  Samples exhibited colloid clumping and aggregation, 
despite undergoing sonic agitation during preparation for analysis.  Further, the groundwater at the 
RP and vicinity properties tends to have a high ionic strength, which minimizes colloid mobility 
(McCarthy and McKay, 2004). 

Organic constituents with low aqueous solubility and a strong tendency to bind to particulate matter 
(e.g., PCBs and PCDDs/PCDFs) are not very mobile in environmental media without the physical 
movement of soil or sediment particles to which the constituents are bound.  Recent literature (e.g., 
EPA, 2003a and Fan et al., 2006) suggest that transport of non-volatile organic constituents in 
groundwater systems may occur soon after a release, but tends to decrease rapidly with time as the 
constituents become more strongly particle-associated from iron complexation and precipitation.   

Colloid filtration theory (Ryan and Elimelech, 1996) suggests that most colloids, especially 
agglomerated complexes, are filtered out by the geologic matrix and are not mobile over long 
distances.  Iron-based colloids especially become strongly attached to the aquifer after moving only a 
short distance (Sun et al., 2001).  The elemental composition of RP property colloids is consistent with 
iron oxides with a heterogeneous surface coating.  This composition indicates the potential for 
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restricted mobility of colloids (AMEC, 2008t).  These conditions eliminate both dissolved-phase 
transport, as the non-volatile organic constituents partition onto the precipitated iron moieties, and 
potential colloidal transport, as the iron precipitates are too large to move through the materials and 
are trapped near the point where they are formed.  Various field observations also support the 
tendency for formation of iron precipitates in the groundwater system at the RP property vicinity.  In 
particular, iron precipitates (orange-colored slime) are often observed coating submersible pumps and 
cables installed in monitoring wells. 

8.3.2 Indicators of Biodegradation of Organic Constituents 
Many microorganisms degrade hydrocarbons, and some are able to degrade chlorinated organics 
under anaerobic or aerobic conditions (Wiedemeier et al., 1999).  Microorganisms can use most 
organic substances either as a substrate or as an electron acceptor.  Some recalcitrant organic 
substances (anthropogenic and natural) have properties that make them resistant to microbial 
transformations.   

Three lines of evidence support the occurrence of biodegradation at the RP property vicinity: 

1.  Geochemical data; 

2.  Groundwater or soil chemistry data that demonstrate decreasing contaminant mass 
(concentration); and  

3.  Groundwater data that directly demonstrate biodegradation of specific constituents (e.g., 
formation of vinyl chloride from biodegradation of trichloroethene). 

Data were collected from the RP property and vicinity over approximately 30 years.  This long data 
record allows analyses of trends that provide evidence of biodegradation.  Concentrations are stable 
or decreasing for most constituent classes, in most stratigraphic units, and at most individual sampling 
points (Appendix F, Figures F-1 through F-735).  The geochemical and organic constituent data 
demonstrate that biodegradation and sequestration/adsorption processes have limited the transport of 
constituents away from the source areas.  The following sections describe data parameters that 
provide indirect evidence for biodegradation of organic constituents, including: 

● TOC;  

● Electron acceptors (dissolved oxygen, nitrate, iron manganese, and sulfate); 

● Metabolic byproducts (methane and alkalinity); and  

● Other geochemical parameters (pH, ORP, specific conductance, and chloride). 
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These parameters indicate that RP and vicinity property conditions are conducive to anaerobic 
degradation of organic constituents.  In addition, organic constituent data demonstrate that anaerobic 
degradation is occurring, and is decreasing concentrations of many constituents in groundwater 
downgradient of RP source areas (Section 8.3.4).  As discussed below, data from groundwater 
samples suggest that anaerobic biodegradation may currently be limited by lack of available electron 
receptors, such that enhancement of these processes could be accomplished by addition of 
appropriate electron receptors to the system by means of amendments.  In addition, increases in 
dissolved oxygen (DO) concentrations in near-River wells suggest that establishment of an aerobic 
zone in the downgradient portion of the groundwater plume may be a viable means to treat 
constituents that are not amenable to anaerobic degradation. 

Following the discussion of the data parameters listed above, the remainder of Section 8.3.2 
discusses the distribution of constituents related to evaluation of biodegradation in groundwater at the 
RP property vicinity. 

8.3.2.1 Total Organic Carbon  

TOC is used by microorganisms as energy sources, electron acceptors, and/or cometabolic inducers.  
The amount of TOC also provides information about potential nutrient requirements that would 
optimize microorganism growth and the availability for solute sorption/desorption and solute 
retardation to occur.  In general, a ratio of 100 parts TOC to 10 parts available nitrogen to 1 part 
available phosphorus is considered necessary for optimal microbial activity.  Levels of nitrogen and 
phosphorus in groundwater in the RP property vicinity appear inadequate to satisfy this requirement, 
and optimal biodegradation would likely require addition of these nutrients to the groundwater system. 

Changes in TOC concentrations or distribution provide indirect evidence of biodegradation.  The 
distribution of TOC at the RP and vicinity properties corresponds to organic constituent distribution.  
The greatest TOC and constituent concentrations are in source areas, and concentrations decrease 
downgradient.  The following sections discuss and evaluate TOC distribution in the geologic units.    

TOC concentrations ranged from 1.2 to 5.6 mg/L in monitoring well RP-05-16, which is located 
hydraulically upgradient of groundwater potentially impacted by constituents from the RP property.  
The greatest TOC concentrations on the RP property were detected near source areas, in monitoring 
wells MW-05-24, MW-05-34, and RP-04-16, ranging from 9.5 to 381 mg/L.  The lowest TOC levels on 
the RP property were detected in RP-17-25 (2.2 to 4.3 mg/L), located on the NPA and ESCO property 
border.  Downgradient concentrations varied widely, ranging from 2.0 to 92.5 mg/L.  These levels are 
far in excess of concentrations that could be effectively biodegraded with existing nitrogen and 

Artificial Fill 
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phosphorus in the groundwater system in the RP property vicinity, and evaluation of the potential for 
nutrient addition to stimulate biodegradation capacity may be considered during future phases of the 
project. 

TOC concentrations ranged from 1.9 to 3.22 mg/L in upgradient monitoring well W-18-S(30) and from 
0.42 to 2.63 mg/L in upgradient monitoring well W-18-I(55).  TOC concentrations varied widely across 
the RP property, from 0.38 to 575 mg/L.  The greatest TOC concentrations on the RP property were 
detected in monitoring well MW-08-27, where NAPL has been observed (Section 8.2), while the 
lowest concentrations were detected in monitoring well MW-11-56, located at the corner of the RP 
property near the Metro property.  Downgradient concentrations also varied widely, ranging from 0.46 
to 250 mg/L.  As was the case in the Artificial Fill, these levels in the Fine-Grained Alluvium are far in 
excess of concentrations that could be effectively biodegraded with existing nitrogen and phosphorus 
in the groundwater system in the RP property vicinity, and evaluation of the potential for nutrient 
addition to stimulate biodegradation capacity may be considered during future phases of the project. 

Fine-Grained Alluvium 

TOC concentrations ranged from 0.23 to 0.96 mg/L in upgradient monitoring well W-18-D(64).  TOC 
concentrations varied across the RP property, ranging from 0.28 to 238 mg/L.  The highest TOC 
levels on the RP property were detected in monitoring well BST2W-61, at a location where residual 
NAPL has been observed in soil (Section 8.2), while the lowest levels were generally detected in 
monitoring well MW-09-80, located on the RP and Metro property boundary.  In general, downgradient 
concentrations were lower in the Alluvial-Colluvial Gravel and CRBG than in the other stratigraphic 
units, ranging from 0.29 to 1.4 mg/L. TOC levels downgradient from sources in this hydrogeological 
zone are also far in excess of concentrations that could be effectively biodegraded with existing 
nitrogen and phosphorus in the groundwater system in the RP property vicinity, and evaluation of the 
potential for nutrient addition to stimulate biodegradation capacity may be considered during future 
phases of the project.  

Alluvial-Colluvial Gravel and CRBG 

8.3.2.2 Electron Acceptors 

Oxygen is the most thermodynamically favorable electron acceptor used by microorganisms to 
biodegrade organic compounds.  Oxygen has a relatively low aqueous solubility and, therefore, 
subsurface systems typically become oxygen limited (anoxic) or oxygen depleted (anaerobic) soon 
after an organic substrate is introduced.  After dissolved oxygen depletion in groundwater, anaerobic 
microorganisms will use alternate electron acceptors for metabolic processes.  These alternate 
electron acceptors include, in order of general thermodynamic favorability, nitrate, iron, manganese, 
and sulfate (Wiedemeier et al., 1999).   
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Groundwater at the RP property vicinity is depleted in oxygen immediately downgradient of source 
areas, and oxygen levels in some areas are too low to support aerobic biodegradation.  There is 
evidence that anaerobic degradation processes may be constrained by deficiency in available 
concentrations of other electron receptors:  

● Nitrate is depleted downgradient from sources compared to concentrations in upgradient 
wells; 

● Ferrous iron is present;  

● Divalent manganese is assumed to be present, based on comparison of total and 
dissolved concentrations; and  

● There are relatively low levels of sulfate in groundwater below former Doane Lake, despite 
discharge of sulfuric acid to former Doane Lake from battery recycling operations at the 
NL/Gould Site.   

Additional evaluation in future phases of the project is required to fully evaluate these lines of 
evidence, but the apparent deficiency in electron receptors suggests that biodegradation could be 
further stimulated by addition of appropriate electron receptors to the groundwater system. 

The following sections describe the general distribution of these electron acceptors in RP and vicinity 
property groundwater, and whether favorable conditions exist for, or indicate, biodegradation.  While 
evidence of anaerobic biodegradation in groundwater at the RP property vicinity is extensive, there is 
also evidence that the system is deficient in available electron receptors, and this deficiency may play 
a role in limiting biodegradation, absent addition of suitable electron receptors to the system.  These 
limitations may be amenable to correction by addition of appropriate electronic receptors to the 
groundwater system. 

DO is the favored electron acceptor used by many microbes for respiration (aerobes), growth, and the 
consumption (metabolism or biodegradation) of organic carbon.  The saturation limit for DO is about 9 
mg/L (under most groundwater conditions; Fetter, 1993).  Concentrations greater than 1.0 mg/L 
typically are associated with aerobic groundwater conditions.  During aerobic respiration, the DO 
concentration often decreases as oxygen is consumed faster than its natural introduction to the local 
environment.  DO concentrations below background in areas with either natural organic matter or 
dissolved contamination provide potential evidence for microbial respiration.  In addition, oxygen can 
be incorporated into minerals such as iron oxides during natural oxidation processes, and declines in 
DO concentration can provide indirect evidence of such geochemical reactions (Garrels and Christ, 
1990).   

Dissolved Oxygen 
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Groundwater in the RP monitoring well network has DO concentrations that vary widely, from 
anaerobic to aerobic.  In general, wells with higher VOC concentrations had the lowest DO 
concentrations, consistent with oxygen depletion through microbial degradation of organic 
constituents.  The low DO concentrations generally present at the RP property and vicinity, in contrast 
with the somewhat higher DO concentrations at most upgradient wells, indicate that biodegradation is 
likely occurring below the RP property and vicinity properties.  The oxygen depletion patterns 
generally match organic constituent distribution patterns, indicating that biodegradation is the main 
cause of the oxygen depletion.   

DO levels in groundwater immediately downgradient from source areas are insufficient to support 
aerobic biodegradation, and represent the first level of deficiency in available electron receptors in the 
groundwater system relative to requirements for complete biodegradation of organic constituents.  
The anaerobic conditions created by oxygen depletion are beneficial for biodegradation of certain 
constituents, to at least some degree, but represents a fundamental limitation on biodegradation of 
other constituents without addition of oxygen or other supplementary electron receptors. 

DO concentrations range from 1.4 mg/L to 5.1 mg/L in upgradient monitoring well RP-05-16.  The DO 
is often below 0.75 mg/L in most other Artificial Fill monitoring wells (Appendix F, Figure F-308), 
indicating a generally anoxic to anaerobic environment, suitable for anaerobic biodegradation of many 
chlorinated organic constituents.  The rapid disappearance of phenoxyacetic acid herbicides and 
chlorinated phenols with distance from sources, however, suggests that oxygen levels in many areas 
are adequate for aerobic biodegradation of these constituents. 

Artificial Fill 

Groundwater upgradient of source areas in the HA and IA often exhibits DO concentrations greater 
than 1 mg/L (Appendix F, Figures F-309 and F-310).  DO concentrations greater than 1 to 2 mg/L are 
also frequently observed at monitoring wells near the River.  Groundwater in wells at intervening 
locations generally exhibits DO concentrations less than 1 mg/L.  This pattern indicates that DO is 
consumed downgradient from source areas, consistent with observed patterns of decrease in 
concentrations of many organic constituents. 

Fine-Grained Alluvium 

DO in the groundwater in the Alluvial-Colluvial Gravel and CRBG is typically less than 1 mg/L 
(Appendix F, Figure F-311) except for several monitoring wells at upgradient locations (W-18-D[64] 
and MW-01-76) or in the IA (MW-12-79, MW-11-79, and MW-09-80).  As was noted for DO patterns in 

Alluvial-Colluvial Gravel and CRBG 
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the Fine-Grained Alluvium, DO levels are reduced downgradient from source areas, consistent with 
observed patterns of decrease in concentrations of many organic constituents. 

Nitrate is used as an electron acceptor for anaerobic biodegradation through denitrification.  Nitrate 
concentrations in groundwater decrease during denitrification.  Thus, nitrate concentrations below 
background in areas with dissolved contamination provide evidence for denitrification.  Nitrate 
concentrations were depressed across the RP property and vicinity, suggesting that biodegradation is 
active, and that the groundwater system may be depleted in nitrate and other electron receptors in 
relation to levels needed for complete biodegradation of organic constituents, and that addition of 
supplemental electron receptors may stimulate higher rates of biodegradation.     

Nitrate 

Nitrate concentrations were approximately 1 mg/L in upgradient wells RP-05-16 and RP-16-25 
(Appendix F, Figure F-328).  Nitrate was not detected in the majority of RP property and downgradient 
monitoring wells completed in the Artificial Fill, providing evidence that microbial degradation of 
organic constituents is likely occurring, with consequent depletion of electron receptors. 

Artificial Fill 

Nitrate concentrations ranged from 0.09 mg/L to 0.31 mg/L in upgradient monitoring well W-18-S(30) 
and from 0.78 mg/L to 2.18 mg/L in upgradient monitoring well W-18-I(55) (Appendix F, Figures F-329 
and F-330).  Nitrate was not detected in the majority of RP property and downgradient monitoring 
wells completed in the Fine-Grained Alluvium, potentially indicating limitations on biodegradation 
related to deficiencies of electron receptors in the groundwater system.   

Fine-Grained Alluvium 

Nitrate in the upgradient monitoring well W-18-D(64) ranged from 1.59 mg/L to 2.0 mg/L and in RP-
05-65 from 0.43 mg/L to 0.59 mg/L.  As was the case for the Artificial Fill and Fine-Grained Alluvium, 
nitrate was not detected in the majority of RP property and downgradient monitoring wells completed 
in the Alluvial-Colluvial Gravel and CRBG (Appendix F, Figure F-331), possibly indicating deficiency of 
electron receptors and limitations on biodegradation capacity absent addition of electron receptors to 
the system. 

Alluvial-Colluvial Gravel and CRBG 

The basalt bedrock (CRBG) at the RP property vicinity is a tholeitic basalt (Swanson et al., 1979a), 
consisting primarily of silica-poor minerals, such as olivine and pyroxene, that have a higher 

Iron 
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percentage of iron than other types of igneous rocks (Klien and Hurlbut, 1993).  The sediment derived 
from the CRBG in the Portland basin and Willamette Valley would be expected to contain higher 
levels of iron than would sediment derived from rocks formed by minerals with lower iron content, 
such as granite.  Iron was also introduced to the environment in the RP property vicinity by past 
industrial uses, such as the use of foundry sand and slag for fill at the ESCO and possibly Metro 
properties, and the burial of construction debris at former Doane Lake.  Dissolution of iron from 
formation materials occurred because of low pH conditions caused by releases of acids from various 
sources, including battery acid from NL/Gould.  

Iron metal (Fe) exists in a valence state of zero after refining, but is not typically found in uncombined 
form in natural environments.  When iron metal rusts, or when naturally occurring iron minerals in the 
subsurface encounter oxygen in the environment, the iron reacts with oxygen to form the fully oxidized 
ferric iron (Fe3+

 Various microorganisms use ferric iron (Fe

) ion.   

3+) as an electron acceptor during anaerobic 
biodegradation of organic carbon.  Organic matter, which serves as an electron donor, reduces Fe3+ 
to ferrous iron (Fe2+).  Ferrous iron is generally soluble in water and is only stable under anaerobic 
conditions.  It oxidizes to the ferric state in the presence of even trace amounts of oxygen.  Detection 
of  Fe2+ concentrations in the presence of organic carbon, such as is observed in source areas on the 
RP property, can indicate that anaerobic degradation of organic carbon has occurred through Fe3+

Ferrous iron concentrations in groundwater samples collected as part of RI activities ranged from 
nondetectable to as high as 10 mg/L.  Ferrous iron results for samples that were analyzed by both 
field and laboratory methods generally agreed, with laboratory results somewhat lower for some 
samples.  Lower concentrations in laboratory results are consistent with oxidation of ferrous iron to 
ferric iron with exposure to air entrained during sample collection.  

 
reduction.   

Groundwater samples collected for the RI were also analyzed for total and dissolved iron.  The results 
represent the sum of the ferrous and ferric iron present in the sample prior to digestion.  Total iron 
concentrations in groundwater samples ranged from 0.0038 to 5,060 mg/L, and dissolved iron 
concentrations ranged from 0.0035 to 15,000 mg/L.  The maximum dissolved iron concentration 
exceeds the maximum total iron concentration because total iron was not measured for the samples 
with the greatest dissolved concentrations.  Total and dissolved results are generally comparable for 
groundwater samples collected using low-flow procedures and analyzed for both total and dissolved 
iron, demonstrating a lack of solid entrainment from the formation. 
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The ratio of ferrous to dissolved iron varies from very low to as high as nearly 100%.  Almost no 
ferrous iron is detected in monitoring wells located upgradient of source areas.  In general, the 
percent contribution of ferrous iron to the total dissolved iron concentrations is greater in areas where 
high concentrations of organic constituents are located, such as the RP HA, and lower in areas with 
low or nondetectable levels of organic constituents.   

Iron concentrations in upgradient groundwater in each stratigraphic unit are generally lower than 
those found beneath the RP and vicinity properties.  This indicates that geochemical conditions 
conducive to iron dissolution are, or historically were, present beneath the RP and vicinity properties.  
These conditions were likely historically related to release of acid from industrial operations in the 
vicinity, or anaerobic conditions related to decay of both naturally occurring and anthropogenic 
organic materials in sediments of former Doane Lake. 

There are some inconsistencies between concentrations of iron, dissolved oxygen, and ORP in 
groundwater in the RP property vicinity, especially in relation to clear evidence of biodegradation of 
trichloroethene and formation of vinyl chloride, which typically requires deeply reducing redox 
conditions.  These deeply reducing conditions would typically be expected to result in high ratios of 
ferrous to ferric iron, and limit the formation of iron precipitates, and are contrary to observed 
conditions in groundwater at the RP property vicinity.  The most likely explanations for these 
conditions are: 

1.  The high degree of heterogeneity in subsurface redox conditions, with zones of 
anaerobicity that allow degradation of trichloroethene interwoven with zones where 
oxygen levels are just adequate to prevent reduction of ferric iron to ferrous iron; or 

2.  The fact that overall pH and redox conditions still favor formation of hydroxide and 
carbonate precipitates.   

The greatest dissolved and total iron concentrations were measured at 191 mg/L and 195 mg/L, 
respectively, on the Siltronic property at monitoring well RP-22-29 (Appendix F, Figures F-692 and F-
688).  Ferrous iron from this well measured only 2 mg/L, despite high concentrations of TPH, a 
reducing agent, detected in these wells.  Groundwater in the Artificial Fill at Siltronic property 
contained the highest average dissolved and total iron concentrations, likely as a result of historical 
disposal of MGP wastes on the Siltronic property and the formation of the iron ion from biodegradation 
of the MGP wastes.   

Artificial Fill 

Dissolved and ferrous iron concentrations in Artificial Fill wells in the RP HA are comparable, ranging 
from around 1 to 3 mg/L.  The high percent contribution of ferrous iron to the dissolved iron 
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concentration is consistent with an area of high organic carbon concentrations, and indicates that 
anaerobic degradation of organic carbon has occurred through Fe3+

Dissolved iron near former WDL and the LADD ranged from approximately 30 to 60 mg/L, with ferrous 
iron concentrations in the same wells ranging from nondetectable to as high as 6 mg/L.  There were 
higher ferrous iron concentrations in areas with higher concentrations of organic constituents.  Redox 
conditions in this area are generally slightly anaerobic.  The equilibrium between dissolved ferric and 
ferrous iron and precipitated iron hydroxide and iron carbonate solids still favors formation of the 
solids in these oxygen conditions.  Iron hydroxide precipitation decreases both dissolved phase 
transport, as the non-volatile organic constituents partition onto the iron precipitates, and potential 
colloidal transport, as the iron precipitates are too large to move through the materials and are 
trapped near the point where they are formed.  

 reduction. 

Total and dissolved iron are generally not detected or are detected at concentrations of less than 10 
mg/L in groundwater on the ESCO property, along with low or nondetectable concentrations of ferrous 
iron.  This iron precipitation is likely due to the high pH in groundwater on the ESCO property and 
results in precipitation of the iron as various iron hydroxide and carbonate species.   

Total and dissolved iron concentrations at the RP property are generally similar to each other 
(Appendix F, Figures F-689, F-690, F-693, and F-694).  Total and dissolved iron concentrations were 
elevated (exceeding 500 mg/L) in areas near the northern/eastern half of the NL/Gould property and 
on the Metro property.  In the 1980s and 1990s, concentrations of dissolved iron in monitoring wells 
located in this area exceeded 500 mg/L.  This concentration is far greater than any other location in 
the RP property vicinity.  The high concentration likely indicates that acid from Gould operations 
caused dissolution of iron from formation materials rather than generation of ferrous iron during 
biodegradation.  No ferrous iron measurements are available for most of these wells, with the 
exception of samples from W-15(I)-38 in 2001 and 2003, which indicate that approximately 5 to 6% of 
the dissolved iron is in the ferrous state.  Iron concentrations in groundwater samples from these 
locations have been decreasing since the time of peak concentrations, but this may be a result in 
changes in sampling techniques over the years, and adoption of minimal drawdown sampling 
procedures in recent years. 

Fine-Grained Alluvium 

Dissolved iron concentrations in groundwater in the Fine-Grained Alluvium on the RP property and 
former Doane Lake area are significantly lower (generally less than 20 mg/L), except in areas where 
high concentrations of organic constituents are present.  The correlation of iron and organic 
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constituent concentrations in these locations indicate anaerobic degradation of organic constituents.  
Ferrous iron in the former Doane Lake area is generally present 1 to 6 mg/L. 

Manganese in a quadrivalent oxidation state (Mn

Manganese 
4+) can be used as an electron acceptor during 

anaerobic biodegradation of organic carbon; it is reduced to Mn2+, a more soluble form of Mn.  Thus, 
elevated Mn2+ concentrations can indicate that anaerobic degradation of organic carbon has occurred 
through Mn4+

Concentrations of total manganese (Appendix F, Figures F-704 through F-707) and dissolved 
manganese (Appendix F, F-708 through F-711) in the groundwater of the Artificial Fill, Fine-Grained 
Alluvium, Alluvial-Colluvial Gravel, and CRBG are similar, suggesting that most of the manganese is 
in the reduced form of Mn

 reduction (Wiedemeier et al., 1999).   

2+.  Concentrations of dissolved manganese in the portion of the NAPL area 
that has high dissolved carbon are also significantly higher than background.  This likely indicates the 
anaerobic biodegradation of organic compounds in this area. 

Sulfate acts as an electron acceptor during anaerobic biodegradation, usually after nitrate, iron, and 
manganese have been depleted.  During sulfate reduction, sulfate concentrations in groundwater 
decrease and sulfide concentrations increase.  Thus, sulfate concentrations below background and 
sulfide concentrations above background in areas with dissolved hydrocarbon contamination or 
elevated TOC levels provide evidence of sulfate reduction.  Anthropogenic sources of sulfate in the 
vicinity of the RP property include battery acid (sulfuric acid) disposal and potential releases of wash 
water from lead smelting activities at NL/Gould, and sulfuric acid wash water resulting from DDT 
processing on the Arkema property (Section 3.2 and Appendix L).  These anthropogenic sources of 
sulfate to the groundwater system would likely mask depletion of sulfate due to biodegradation. 

Sulfate 

8.3.2.3 Metabolic Byproducts 

Methane detected in groundwater indicates a highly anaerobic (methanogenic) condition.  
Mineralization of organic compounds by aerobic and anaerobic bacteria produces carbon dioxide, 
which can act as an electron acceptor to form methane, a process called methanogenesis.  Methane 
detected at levels above background in areas with dissolved contamination provides evidence of 
methanogenesis.  

Methane 

The lowest methane concentrations in all geologic units were measured in wells upgradient of source 
areas.  Methane was detected at concentrations ranging from 0.008 mg/L to 17.2 mg/L (Appendix F, 
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Figure F-324) in all Artificial Fill wells in and downgradient from known source areas.  The greatest 
methane concentrations were found along the eastern side of former WDL.  Methane concentrations 
in the Fine-Grained Alluvium were much lower than concentrations in the Artificial Fill, and 
concentrations in the Alluvial-Colluvial Gravel and CRBG were the lowest of all units (Appendix F, 
Figures F-325 through F-327).  Detection of methane above background concentrations in all geologic 
units indicates that methanogenesis is occurring, and is another line of evidence to support ongoing 
biodegradation of organic constituents. 

Methane concentrations were highly elevated in the Artificial Fill groundwater on the Siltronic property.  
The presence of methane in this area is related to the degradation of MGP wastes.    

Alkalinity is a measure of the acid-neutralizing capacity of groundwater, and is related to the 
concentration of bicarbonate, carbonate, and hydroxide anions dissolved in water.  There are three 
categories of sources of alkalinity in groundwater in the RP property vicinity: 

Alkalinity 

1.  Native alkalinity related to the presence of alkaline anions in formation materials; 

2.  Alkalinity added to the groundwater through anthropogenic activities, including 
inadvertent neutralization of battery acid that occurred during attempts to stabilize battery 
processing waste during early efforts toward the NL/Gould remedy, discharge of alkaline 
(lime) wastes to former Doane Lake from Air Liquide, disposal of alkaline wastes from 
chlorine manufacture on the Arkema property, disposal of alkaline wastes on ESCO 
property,  and discharge/disposal of various other alkaline wastes to former Doane Lake 
(Appendix L); and 

3.  Alkalinity produced as a result of microbial respiration during degradation of organic 
constituents.  Carbon dioxide is produced during the biodegradation (respiration) of 
organic carbon.  The carbon dioxide will dissolve into the groundwater and form 
bicarbonate, measured as alkalinity.  Increased alkalinity is therefore an indicator of 
biological activity (Wiedemeier et al., 1999).  Thus, increased levels of alkalinity 
(measured as CaCO3

Alkalinity is elevated in most source areas, suggesting that biodegradation is actively occurring across 
the RP property and vicinity, but specific sources of elevated alkalinity are identifiable in various areas 
of the RP property vicinity as described in the list above.  In general, it is difficult to use groundwater 
alkalinity as a reliable indicator of biodegradation, but measured alkalinities fall within a range that is 
consistent with the potential for biodegradation. 

) above background in areas with dissolved contamination provide 
evidence of biodegradation.   



 

AMEC Earth & Environmental, Inc. 
Project No.:  0-61M-107030/Phase 0104/T6 131 
K:\10000\10700\10703\0100 RI-FS-ROD\0104 RI Report\Draft RI\RI-SCE Report.Docx 

8.3.2.4 Other Geochemical Properties 

The pH is a measure of the acidity (H

pH 
+

In general, groundwater pH is typically neutral at the RP property vicinity, with some specific 
excursions toward either acid or alkaline conditions associated with a specific property or a specific 
well, as described below. 

) of the formation and can strongly influence geochemical 
reactions.  Neutral pH is from 6 to 8, acidic conditions are pH less than 6, and alkaline conditions 
occur at pH greater than 8.  Microorganisms generally prefer a neutral or slightly alkaline pH, with an 
optimal pH range of 6 to 8 for many bacteria (Wiedemeier et al., 1999).  Some microorganisms can 
tolerate pH values outside this range.  For example, in formations where sulfides are being oxidized, 
the pH may be as low as 4 to 5 (Chapelle, 1993).  The oxidation of hydrocarbons produces carboxylic 
acid intermediates (e.g., acetic acid, phenols/catechols, muconic acids) and carbon dioxide, both of 
which can lead to slight depressions in groundwater pH resulting in pH values in the range of 5 to 6.  
These organic acids also form complexes with iron, and can contribute to formation of complex iron-
organic acid colloids that can agglomerate and settle out of suspension. 

The pH is near neutral across approximately half of the locations tested, including monitoring wells on 
Siltronic, Arkema Lot 1, BNSF, City, NL/Gould, and RP properties (Appendix F, Figure F-344).  
Excursions to higher pH values occur across and at the edges of ESCO property (pH 10 to 13), at and 
near the Schnitzer property (pH 10 to 13), and at RP-10-30 on Arkema Lot 2 (pH 9 to 11).  High pH at 
and near ESCO property is likely due to iron corrosion associated with weathering of the foundry sand 
fill material (Garrels and Christ, 1990), as well as inadvertent neutralization of battery acid that likely 
occurred as part of the battery waste stabilization efforts attempted as part of the NL-Gould Superfund 
Site remedy.  High pH at and near Schnitzer property is likely due to discharge of calcium carbide 
waste from manufacture of acetylene by Air Liquide.  At Arkema Lot 2, high pH may be attributed to 
the historical disposal of alkaline wastes related to chlorine production (Section 3.2 and Appendix L) 
by Arkema.  In the HA, excursions toward acidic pH conditions are limited to MW-05-34, which is 
located adjacent to NL/Gould property.  The general range of pH values for groundwater in the 
Artificial Fill are adequate to allow microbial biodegradation of organic constituents, and to support the 
persistence of iron precipitates that help to sequester various nonvolatile organic constituents and 
various metals, including arsenic.  

Artificial Fill 
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The pH is near neutral at the majority of monitoring locations for most properties.  Excursions toward 
acidic pH have been observed in the HA (Appendix F, Figures F-345 and F-346), at the wells on and 
near Gould property, and at the wells on Metro and Kinder Morgan/Willbridge properties downgradient 
of the IA.  Historically, acidic pH conditions have been observed in the former Doane Lake area at 
monitoring wells GM-1-S, GMS-2-I, W-02-I, W-03-I(41), W-07-I(54), and W-07-D(69), all of which are 
clustered near the former NL/Gould battery operation.  Conversely, the pH was elevated to 
approximately 8 to 10 at Arkema Tract A, downgradient of the former Arkema brine ponds and 
disposal lagoons near the River.  Despite the lower pH in some monitoring wells, the general range of 
pH values for groundwater in the Fine-Grained Alluvium are adequate to allow microbial 
biodegradation of organic constituents, and to support the persistence of iron precipitates that help to 
sequester various non-volatile organic constituents and various metals, including arsenic. 

Fine-Grained Alluvium 

The pH is typically neutral in monitoring wells completed in the Alluvial-Colluvial Gravel and CRBG, 
with the exception of elevated pH observed at monitoring wells on the Arkema property located 
downgradient of the former Arkema brine ponds and disposal lagoons near the Willamette River 
(Appendix F, Figure F-347).  The general range of pH values for groundwater in this hydrogeological 
unit are adequate to allow microbial biodegradation of organic constituents, and to support the 
persistence of iron precipitates that help to sequester various non-volatile organic constituents and 
various metals, including arsenic. 

Alluvial-Colluvial Gravel and CRBG 

The ORP of groundwater is a measure of electron activity and is an indicator of the relative tendency 
of a solution to accept or transfer electrons (Wiedemeier et al., 1999).  The ORP tends to become 
more negative during biodegradation, reflecting the depletion of electron acceptors in the sequence 
beginning with oxygen and progressing through each of the following electron acceptors: nitrate, 
manganese, iron, sulfate, and carbonate.  ORP levels of less than +200 millivolts (mV) are indicative 
of either anoxic (to about -150 mV) or anaerobic (to -300mV or less) environments.  The presence of 
carbon sources (naturally occurring organic carbon, decaying wood fill material, solvents, alcohols, or 
other carbon-rich materials) can increase microbial activity and lead to greater electron acceptor 
depletion.  Other processes, such as corrosion of iron metal, can deplete electron acceptors.  Some 
potential causes of elevated ORP can be recharge from precipitation or surface water runoff that 
drives oxygenated water into the subsurface.   

Oxidation-Reduction Potential (ORP) 
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The ORP assessment was based on field measurements collected using hand-held equipment, most 
recently by using an YSI Model 556.  The field electrode measures ORP using a calomel electrode.  
The calomel electrode is robust and can be used effectively in many field conditions.  The standard 
hydrogen electrode, which is the true measure of Eh, is very fragile and can only be used in a 
laboratory setting.  To convert from the field-measured redox potential to Eh, a conversion is required 
by adding 200 mV to the ORP value measured by the YSI.  The ORP values discussed herein, and 
values presented in figures and tables attached to this report, are uncorrected and represent values 
recorded in the field. 

ORP is unreliable as a quantitative predictor of redox states because of the likelihood of disequilibrium 
between multiple redox couples in solution, and demonstrated unreliability of field measurements 
(nonreactivity of the electrode or precipitation on the electrode).  It can still be useful to qualitatively 
compare ORP in different samples or across an entire site as an indication of variation in redox 
conditions, and as a line of evidence to be considered in evaluation of biodegradation and natural 
attenuation. 

Generally, ORP ranges from -200 to +100 mV across the RP property vicinity and across all 
stratigraphic units, indicating anoxic to very mildly aerobic conditions.  As discussed above, this is 
consistent with dissolved oxygen measurements in groundwater and with apparent ferric/ferrous iron 
ratios, but is inconsistent with observed degradation of trichloroethene and formation of vinyl chloride.  
These discrepancies are thought to potentially indicate heterogeneity in subsurface redox conditions. 

General trends for each of the four main stratigraphic units are discussed below. 

ORP in groundwater in the Artificial Fill typically ranges from -200 to -100 mV (Appendix F, Figure F-
340).  As would be expected, monitoring well RP-05-16 on BNSF property near the NPA boundary 
consistently shows the highest ORP value, consistent with the well’s location hydraulically upgradient 
of groundwater carbon sources (former Doane Lake).  Other monitoring wells within and downgradient 
of former Doane Lake generally exhibit lower ORP values (fewer electron receptors), consistent with 
higher carbon loading in this area.  Monitoring wells located on and near the ESCO property showed 
ORP values in the range of -300 to -200 mV, consistent with corrosion of iron metal in the foundry 
sand (Garrels and Christ, 1990).   

Artificial Fill 

ORP ranges from generally elevated levels of +280 to +360 mV at hydraulically upgradient wells W-
18-S(30), W-18-I(55) and RP-05-47, to lower ORP levels at many other wells screened beneath 

Fine-Grained Alluvium 
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former Doane Lake and in the ESCO landfill (Appendix F, Figures F-341 and F-342).  A few wells 
near the River varied from ORP of approximately +100 to +300 mV.  The pattern of ORP readings in 
the Fine-Grained Alluvium tends to support the hypothesis that variability in the lines of evidence 
related to the oxygen levels and overall redox state of groundwater are related to the presence of 
zones of greater anaerobicity and other zones of anoxic to distinctly aerobic groundwater conditions. 

ORP values are generally in the positive mV range at upgradient well W-18-D(64), at wells north of 
NW Front Avenue on Siltronic and BNSF properties, and at locations hydraulically downgradient of 
the ESCO property (Appendix F, Figure F-343).  At well BS-3(78) in the NPA, an in-situ chemical 
oxidation pilot study was conducted in late 2007 and early 2008.  Introduction of an oxidant (sodium 
persulfate) to the system drove ORP values into the positive mV range.  The elevated ORPs appear 
to be slowly returning to pre-pilot study conditions, indicating that the geochemical system is poised at 
a negative redox state (AMEC, 2008t). 

Alluvial-Colluvial Gravel and CRBG 

Specific conductance is an indirect measure of the number of ions or other conductive species in 
groundwater.  Increased ions in the water correspond to an increase in specific conductance.  By 
measuring the water’s specific conductance, one can indirectly determine its total dissolved solid 
(TDS) concentration.  Increased specific conductance can be an indicator of industrial processes 
because of the ions released in discharges to groundwater or to surface water.  Increased specific 
conductance is also an indication of biodegradation.  When biodegradation of chlorinated compounds 
occurs, chloride ions are released, increasing specific conductance.  At the RP and vicinity properties, 
increased specific conductance is more likely indicative of industrial process due to the widespread 
industrial use of chloride compounds and other industrial salts (Appendix F, Figures F-348 through F-
351).  The highest results are observed in monitoring well RP-02-49, near the location of the former 
brine residue ponds and disposal lagoons on Arkema Lot 2.  Elevated specific conductance below the 
Arkema brine ponds continues into the CRBG, as indicated by elevated specific conductance values 
in RP-02-66 and RP-02-116.  Specific conductance in groundwater in the RP property vicinity is 
generally consistent with conditions that support microbial degradation of organic constituents.  

Specific Conductance 

Chloride can be used as an indicator of biodegradation, since degradation of chlorinated compounds 
will increase the concentration of chloride in groundwater.  The chloride concentration and distribution 
is complicated due to the use and disposal of chloride solutions and the practices of the chlor-alkali 
production facility at Arkema.  Chloride that may have been produced because of biodegradation has 
likely been masked by the high chloride levels present because of industrial chloride usage.  Chloride 

Chloride 
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data also clearly show impacts from the Arkema brine residue ponds located near the River on 
Arkema Lot 2.  Chloride from the Arkema brine ponds can be tracked vertically through the 
stratigraphic units, including the CRBG.  As a result of these confounding factors, chloride cannot be 
evaluated as a line of evidence for natural attenuation. 

8.3.3 Evidence of Microbial Activity 
8.3.3.1 Heterotrophic plate count 

Microorganisms flourish under combinations of certain redox and other conditions in groundwater.  
These favorable conditions include the presence of carbon sources, nutrients, DO, and nitrate or other 
available electron acceptors such as iron, manganese, or sulfate.  Cell counts of 10,000 colony-
forming units per milliliter of water (cfu/mL) or greater often indicate the viability of microorganisms 
(e.g., the cells are present at a relatively high number that can consume desirable levels of carbon 
substrate).  Typical aerobic heterotrophic plate counts (HPCs) measure some, but not all, 
microorganisms that use oxygen as preferred electron acceptors.  If nitrate is present as a nutrient, 
then nitrate-reducing bacteria may also be measured in the aerobic plate count.  Since much of the 
RP and vicinity property groundwater has minimal dissolved oxygen and nitrate, the aerobic 
heterotrophic plate counts are expected to be low, as this test method does not measure organisms 
that use alternative electron acceptors for respiration.   

In many cases, the first sample collected for plate counts after a well was installed yielded what 
appeared to be an artificially high cell count, likely due to introduction of air or oxygenated water 
during well installation.  In wells with multiple data points, heterotrophic plate counts measured after 
well installation and stabilization often yield cell counts that decrease with time.  For example, the 
initial heterotrophic plate count measured in monitoring well RP-24-85 in November 2006 was 24,000 
cfu/mL.  Plate counts for this well had dropped to 450 cfu/mL by May 2007 and were not detected in 
June 2009.  This tendency for high initial plate counts related to oxygenation of groundwater during 
well installation suggests that stimulation of aerobic biodegradation may be relatively straightforward, 
and that incorporation of aerobic bioremediation into any future remedial activities at the RP property 
vicinity should be evaluated in a future phase of the project.  

The aerobic heterotrophic plate counts in the Artificial Fill varied widely, from not detected to several 
thousand cfu/mL.  Heterotrophic plate counts in the Fine-Grained Alluvium were much greater than 
those in the Artificial Fill, but the numbers still varied widely.  At some locations they tended to 
increase in the months after the well was installed (e.g., at MW-03-I(60) and MW-03-81), suggesting 
that the aquifer was limited in the electron acceptors oxygen and nitrate.  Heterotrophic plate counts in 
the Fine-Grained Alluvium generally ranged from a few hundred to a few thousand cfu/mL.  
Heterotrophic plate counts are lower in the Alluvial-Colluvial Gravel and CRBG than in shallower units, 
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likely because there is less TOC present in the Alluvial-Colluvial Gravel and CRBG.  Overall, the HPC 
results provide a strong indication for viability of aerobic biodegradation in groundwater in the RP 
property vicinity if appropriate conditions are established. 

8.3.3.2 Hydrocarbon Degrading Bacteria 

A variation on the standard aerobic plate count methodology is the use of certain petroleum 
hydrocarbons as carbon sources in place of the standard carbon sources used.  This method selects 
for growth only those microorganisms that can metabolize the petroleum hydrocarbon.  The 
concentration of petroleum hydrocarbon degrading bacteria (HDB) is one measure of the potential for 
occurrence of petroleum hydrocarbon biodegradation.  Cell populations of 10,000 or greater often 
indicate viability as a biodegradation mechanism.  Data are available from 2002 through 2009.   

Concentrations of HDB varied across the area.  In wells with multiple data points, after installation and 
stabilization, it appears that HDB plate counts were often decreasing with time.  This suggests that the 
well installation activity introduced oxygen, nutrients, or other factors that led to higher initial 
concentrations of HDB.  As with the heterotrophic plate count data, results of the HDB plate counts 
provide a strong indication for viability of aerobic biodegradation in groundwater in the RP property 
vicinity if appropriate conditions are established. 

HDB in upgradient monitoring well RP-05-16 ranged from 2 to 20 cfu/mL for sampling events between 
2002 and 2006.  Well AL-5-19 in the NPA contained 16,000 cfu/mL in May 2009 (Appendix F, Figure 
F-316).  Other locations with significant hydrocarbon degrading cell levels included RP-04-16 and RP-
24-30.  

Artificial Fill  

HDB showed increases in numbers at AL2-32, W-09-116, W-11-I(60), and RP-07-55 (Appendix F, 
Figures F-317 and F-318).  At most other locations, large initial microbial counts may be an artifact of 
well installation, but still indicate that the bacteria are present and that biodegradation can be a viable 
remediation tool under proper conditions.   

Fine-Grained Alluvium  

HDB populations are lower than in other units, likely because there are fewer hydrocarbons present in 
the Alluvial-Colluvial Gravel and CRBG (Appendix F, Figure F-319).  That stated, the presence of at 
least some viable HDB in this hydrogeologic zone indicate that conditions suitable for growth of 
microorganisms for degradation of organic constituents is likely, if proper conditions exist.      

Alluvial-Colluvial Gravel and CRBG 



 

AMEC Earth & Environmental, Inc. 
Project No.:  0-61M-107030/Phase 0104/T6 137 
K:\10000\10700\10703\0100 RI-FS-ROD\0104 RI Report\Draft RI\RI-SCE Report.Docx 

8.3.3.3 Anaerobic Plate Counts 

Anaerobic plate counts were not conducted as part of the remedial investigation of the former RP 
facility; however, degradation of trichloroethene to vinyl chloride indicates that bacteria capable of 
anaerobic metabolism of organic constituents are present in the groundwater system.  Evaluation of 
anaerobic plate counts during future phases of the project may be appropriate to aid in evaluation of 
these bacteria. 

8.3.3.4 Nutrients 

Nutrient utilization may provide evidence of microbial activity, and nutrient depletion will limit microbial 
activity.  Inorganic nutrients in biologically available forms, such as ammonia-nitrogen and 
orthophosphate phosphorus, are required for microbial growth.  A reduction in the concentration of 
these primary nutrients that can be correlated to an increase in concentration of daughter products, or 
loss of parent constituent, also provides evidence that biodegradation is the mechanism responsible 
for the appearance of the daughter products.   

Nitrogen is a critical element for microbial growth and metabolic processes, including production of 
amino acids and enzymes.  If nutrient nitrogen is present at limiting concentrations, the indigenous 
microbial population’s ability to grow, and thus to biodegrade organic compounds, will be limited.  
Nitrogen may be present as ammonia, nitrate/nitrite, nitrogen gas, or organically bound nitrogen.    

Nutrient concentrations were relatively consistent, with low concentrations of orthophosphate and 
ammonia measured upgradient and downgradient of contaminant source areas.  The average 
detected orthophosphate concentration was approximately 0.3 mg/L.  The ammonia concentrations 
ranged between not detected and 0.19 mg/L, with an average concentration of 0.13 mg/L.  TOC 
concentrations averaged approximately 4.2 mg/L.  A typical carbon:nitrogen:phosphorous ratio in 
groundwater systems is 100:10:1 (Hyman and Dupont, 2001).  The carbon:nitrogen:phosphorous ratio 
for the average TOC, ammonia, and orthophosphate concentrations in the RI dataset is 14:0.63:1, 
indicating that nitrogen may be present in limiting concentrations in some areas.  However, 
orthophosphate may only be limited in a few areas where the concentration is less than about 0.05 
mg/L.  These relatively low nutrient concentrations, especially for nitrogen, would be expected to limit 
microbial growth.  

8.3.4 Evidence of Biodegradation of Organic Constituents 
Concentrations are decreasing for most constituent classes, in most hydrogeologic units, and at most 
individual sampling points (Appendix F, Figures F-1 through F-735).  The geochemical and organic 
constituent data demonstrate that natural attenuation by biodegradation has limited the transport of 
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constituents away from the source areas on the RP property.  The following sections summarize 
available literature regarding biodegradation of specific constituent groups and results from the RI 
datasets that indicate evidence for biodegradation on the RP and vicinity properties. 

8.3.4.1 Chlorinated Benzenes 

Several studies have demonstrated that various microbes, including  those in the Pseudomonas 
genus and Burkholderia genus are able to use 1,4-dichlorobenzene, 1,3-dichlorobenzene, 1,2-
dichlorobenzene, and chlorobenzene as a sole carbon and energy source under aerobic conditions 
(Haigler et al., 1988; Rapp and Timmis, 1999).  The aerobic biodegradation pathways for the 
chlorobenzenes generally include hydroxylation and then ortho cleavage of the benzene ring (Gao 
and Wackett, 2010; Bosma et al,. 2001) 

1,2,4-trichlorobenzene and 1,4-dichlorobenzene are also known to degrade under anaerobic 
conditions via a reductive dechlorination pathway to chlorobenzene (Gao and Wackett, 2010).  The 
Dehalococcoides (Dhc) ethenogenes strain CBDB1 has been shown to sequentially perform reductive 
dechlorination of pentachlorobenzenes to tetrachlorobenzenes to 1,2,4-trichlorobenzene to a mixture 
of 1,4- and 1,3-DCBs (Adrian, et al,. 2000). 

Thus, a sequence (either temporally or spatially) of anaerobic and aerobic conditions within a 
sediment can lead to the total degradation of a variety of chlorobenzenes, including 1,2,4-
trichlorobenzene, 1,2-dichlorobenzene, and chlorobenzene, as demonstrated by Fam, et al. (2004).  
Although chlorinated benzenes may be amenable to biodegradation, the high concentrations of these 
compounds in the HA and the LADD would likely limit the effectiveness of naturally occurring 
biodegradation as a remedial tool in the actual source areas where NAPL is present.  Further 
investigation during the FS will be required to determine whether biodegradation can be part of the 
remedial design for chlorinated benzenes detected downgradient of the HA and LADD.  

8.3.4.2 Benzene, Toluene, Ethylbenzene, and Xylene (BTEX) 

The biodegradation of BTEX has been studied for decades under a wide variety of environmental 
conditions.  In general, biodegradation of BTEX is generally faster under aerobic conditions.  
However, numerous studies have shown that these compounds can also be successfully biodegraded 
under anaerobic conditions (Aronson and Howard, 1997; Wiedemeier et al., 1999).  

Data indicate that BTEX constituents are actively being biodegraded at and downgradient from the RP 
property.  Detected concentrations of these constituents are greatest on the HA and near the LADD.  
Constituent concentrations decrease with time and distance from the LADD, as demonstrated on 
Figures H-1 through H-9 in Appendix H.  In many cases, BTEX concentrations detected in the LADD 
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at concentrations greater than their respective RSLs are not observed in monitoring wells located as 
little as 500 to 1,000 feet downgradient.  Further investigation during the FS will be required to 
determine what role biodegradation can play in the remedial design for BTEX constituents. 

8.3.4.3 Chlorinated Ethenes 

Reductive dechlorination of chlorinated ethenes has been widely documented, and is an important 
naturally occurring process in solvent biodegradation (Norris et al., 1994).  In reductive dechlorination, 
co-contaminants like toluene, natural organic matter in the aquifer, or amendments such as the 
organic acid lactate may serve as carbon sources/electron donors and the chlorinated ethenes serve 
as electron acceptors.   

Dechlorination of tetrachloroethene and trichloroethene is the most energetically favorable metabolic 
pathway for microorganisms under anaerobic conditions and, therefore, tetrachloroethene and 
trichloroethene are the preferred electron acceptors compared to the less chlorinated ethenes.  In 
areas where the primary contaminant is tetrachloroethene, it is possible to observe an accumulation 
of trichloroethene, followed by dichloroethene, and finally vinyl chloride.  The vinyl chloride may be 
further dehalogenated to ethene; however, vinyl chloride can also undergo anaerobic degradation (as 
a substrate) or migrate to an aerobic zone, where it undergoes rapid aerobic degradation (Beeman et 
al., 1994).   

There is evidence that anaerobic reductive dechlorination of trichloroethene is occurring in RP 
property vicinity groundwater as indicated by the presence of trichloroethene daughter products cis-
1,2-dichloroethene and vinyl chloride in the majority of wells where trichloroethene was once present 
(such as location W-09-116).  In addition, the majority of these wells also displayed lowered DO and 
ORP levels, and other geochemical indicators of aquifer conditions, which would promote reductive 
dechlorination. 

8.3.4.4 Herbicides 

The herbicides 2,4-D, 2,4,5 T, MCPA, MCPP, and dichlorprop have been shown to be biodegraded by 
various microbes under aerobic and anaerobic conditions (Haugland et al., 1990; Young and Jun Oh, 
2010; Zipper et al., 1998).  Under anaerobic conditions, the first step in biodegradation of these 
compounds is often cleavage of the ether linkage to form a phenol (either a chlorophenol or a 
chlorocresol) and an organic acid (Mikesell and Boyd, 1985).  Another primary process of anaerobic 
biodegradation may include reductive dechlorination of the initial chlorophenoxy acetic acid (e.g., 4-
chlorophenoxyacetic acid generated from 2,4-D) (Balajee and Mahadevan, 1989).  Studies have 
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shown that biodegradation of MCPA and related chlorophenoxy herbicides is strongly and mostly 
inversely correlated with herbicide sorption to the soil.  

In certain microbial consortia, there may be a high selectivity for biodegradation of phenoxyacetates 
(e.g., 2,4-D and 2,4,5-T) under anaerobic conditions, and for phenoxypropionates (e.g., Silvex and 
dichlorprop) under aerobic conditions, as demonstrated by Degher, et al (1997).  A pattern observed 
is that the general distribution of 2,4-D and 2,4,5-T is limited to the subsurface on or near the RP 
property (Appendix H, Figures H-14 and H-12), whereas Silvex and dichlorprop distributions extend 
further downgradient (Appendix H, Figures H-13 and H-15) .  Based on their chemical structures, the 
phenoxyacetates and phenoxypropionates should exhibit similar transport properties.  Therefore, the 
differential distributions may suggest that 2,4-D and 2,4,5-T are degraded in the more anaerobic 
conditions observed on or near the RP property, whereas Silvex and dichlorprop tend to persist under 
those same anaerobic conditions. 

8.3.4.5 Petroleum Hydrocarbons 

The biodegradation of diesel in the subsurface environment has been well documented for soil and 
groundwater under a variety of different environmental conditions (Norris et al., 1994).  In general, 
biodegradation of petroleum hydrocarbons is faster under aerobic conditions than anaerobic (Parker 
and Burgos, 1999; Stout and Lundergard, 1998).  Key factors concerning the biodegradability of a fuel 
compound include soil microbial heterogeneity, morphology of the petroleum hydrocarbon, and 
dissolved oxygen levels (Davis et al., 2003).  

DRO and other TPH concentrations historically have been biased high or misidentified by interference 
of chlorobenzenes or other constituents during TPH analysis (Section 8.1.3).  Aquifer conditions are 
amenable to aerobic and anaerobic degradation of petroleum hydrocarbons to the limited extent that 
they are actually present.   

8.3.4.6 Phenols 

A variety of fungi and bacteria have been identified that are capable of using biodegradation 
mechanisms to transform pentachlorophenol and the less chlorinated phenols including 2,3,4,6-
tetrachlorophenol, 2,4,6-trichlorophenol, 3,4,5-tricholorophneol, dichlorophenol, and chlorophenol 
(Saber and Crawford, 1985; Steiert et al., 1987; Mikesell and Boyd, 1985).  Pentachlorophenol has 
been shown to be biodegraded under nitrate-reducing conditions (Aronson and Howard, 1987). 

Gibson and Suflita (1986) evaluated the biodegradation characteristics for phenoxyacetates and 
chlorinated phenols under methanogenic and sulfate-reducing conditions in groundwater.  The results 
of their study indicated that 2,4,5-trichlorophenol, 2,4-dichlorophenol, 4 chlorophenol, and 2-
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chlorophenol were biodegraded under methanogenic conditions via reductive dechlorination; 
however, insignificant biodegradation was observed under sulfate reducing conditions.  In addition, 
sediment samples were also shown to biodegrade 2,4,5-trichlorophenoxyacetate  to 2,4- and 2,5-
dichlorophenoxyacetic acids, which were then converted to the corresponding dichloro- and 
monochlorophenols under methanogenic conditions.   

Evidence of methanogenesis occurring at the RP property and the decreasing concentrations of 
chlorinated phenols downgradient from source areas (Appendix H  Figure H-10) indicate that phenols 
may be undergoing biodegradation.  As with chlorobenzenes, although chlorinated phenols may be 
amenable to biodegradation, the high concentrations of these compounds in the HA and the LADD 
would likely limit the effectiveness of biodegradation as a remedial tool in these source areas.  Further 
investigation during the FS will be required to determine whether biodegradation can be part of the 
remedial design for chlorinated phenols detected downgradient of the HA and LADD. 

8.3.4.7 PAHs 

Most studies have shown that naphthalene and phenanthrene biodegradation in groundwater occurs 
most rapidly under aerobic conditions.  Degradation of naphthalene and phenanthrene under 
anaerobic conditions has been shown in certain sediments (Coates et al., 1997).  Intermediates of 
naphthalene biodegradation may include 1,2-dihydroxynaphthalene and benzoic acid (Gao et al., 
2010; Mrozick et al., 2003).  

Phenanthrene is a fairly recalcitrant compound in anaerobic groundwater.  However, Ward et al. 
(1986) established a first order biodegradation rate constant of 0.354 per day for phenanthrene under 
relatively low dissolved oxygen concentrations (1.8 mg/L) in groundwater.  Phenanthrene 
biodegradation proceeds through numerous and varied pathways, and some easily identifiable 
intermediates or products are generated (e.g., 1,2-dihydroxynaphthalene, 1-methoxyphenanthrene, 
and phthalate) (Gao et al., 2010).  Many areas have DO concentrations near the 1.8 mg/L level, so 
naphthalene and phenanthrene biodegradation is a distinct possibility.   

8.3.4.8 OCIs 

Microbes usually biodegrade DDT via two major pathways: 1) reductive dechlorination, which occurs 
under anaerobic conditions or 2) dehydrodechlorination to dichlorodiphenyldichloroethylene (DDE), 
which occurs under aerobic conditions (Kumar et al., 1996; Lal and Saxena, 1982).  Biodegradation of 
DDT normally involves a cometabolic process in which the microbes do not derive nutrient or energy 
from the transformation of DDT, but is biodegraded by an enzyme that is fortuitously produced.  DDT 
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has been shown to be biodegraded under both aerobic and anaerobic conditions.  Under anaerobic 
conditions, DDT can be metabolized by several commonly found bacteria. 

Lindane is rapidly biodegraded under anaerobic conditions and is considered more persistent under 
aerobic conditions.  Degradation byproducts for lindane and related BHC include hydroquinone, 
dichlorophenol, chlorobenzene, dichlorobenzene, trichlorobenzene, and benzene (Badea et al., 2009; 
Quintero et al., 2005).  Strains of Sphingomonas have been shown to utilize lindane as a sole source 
of carbon and energy under aerobic conditions (Nagata et al., 2007).   

Dieldrin and endrin have been shown to be biodegraded under both aerobic and anaerobic conditions 
by a wide variety of microorganisms (Matsumoto et al., 2009).  Anaerobic microbial populations have 
been shown to biodegrade dieldrin to mono-dechlorinated products including syn- and anti-
monodechlorodieldrin and aldrin.  Biodegradation of dieldrin to aldrin through epoxide reduction has 
been observed in anaerobic studies (Matsumoto et al., 2009).  Although aerobic degradation of 
dieldrin and endrin has been observed, the aerobic biodegradation pathways for these compounds 
have not been established.  

The data indicate that lindane and the other BHC isomers, as well as DDT, aldrin, endrin, and dieldrin 
are present at or near non-detect levels (Appendix H, Figures H-18 through H-23).  The presence of 
several putative byproducts of insecticide degradation and biodegradation (e.g., 
dichlorodiphenyldichloroethane [DDD], DDE, and trichlorobenzene) may support the premise that 
these compounds can be biodegraded under various dissolved oxygen and ORP conditions found at 
the RP property vicinity.  

8.3.4.9 PCDDs/PCDFs 

When evaluating the biodegradability of PCDDs/PCDFs, it is necessary to consider the bioavailability 
of each compound as the microbially-mediated biodegradation processes occur in the aqueous 
phase.  Since hydrophobic contaminants, such as PCDD, have soil/water partitioning coefficients (Kd) 
of approximately 104 to 106 liter/kg, they will usually be strongly associated with the aquifer sediment 
or soil matrix, depending on the organic matter content.  Therefore, the bioavailability of these 
compounds will be dependent on the mass transfer limited desorption rate from the sediments or soil 
(Adriaens et al., 1997).   

Both aerobic and anaerobic biodegradation of 2,3,7,8-TCDD have been documented (Ha et al., 2004).  
There are many different microbes that are capable of biodegrading PCDDs and PCDFs, including 
aerobic and anaerobic bacteria, Actinomycetes, and filamentous fungi.  The aerobic degradation of 
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2,3,7,8-TCDD by Pseuodomas sp EE41 reportedly was enhanced when the microbes were grown on 
the cometabolic substrate 1,2-dichlorobenzene (Du et al., 2001). 

An anaerobic microbial consortium was able to biodegrade 118 pg TEQ/ml 2,3,7,8-TCDD after 133 
days under sulfate-reducing conditions.  After 9 days of aerobic treatment, 85.6% of the initial 
concentration of 164.45 pg TEQ/ml 2,3,7,8-TCDD was biodegraded.  This compound was also 
biodegraded by filamentous fungi, but at a slower rate of 43.45 pg TEQ/ml (59% removal) per two 
week period under aerobic conditions.  A major byproduct of 2,3,7,8-TCDD biodegradation in the 
presence of hydrogen is 2-monoCDD (Ha et al., 2004).  Dehalococcoides (Dhc) ethenogenes strain 
195 has been shown to reductively dechlorinate 1,2,3,4-tetrachlorodibenzo-p-dioxin to a mixture of 
1,2,4-trichlorodibenzo-p-dioxin and 1,3- dichlorodibenzo-p-dioxin (Fennell et al., 2004).  The Dhc 
ethenogenes strain CBDB1 has been shown to sequentially perform reductive dechlorination of 
1,2,3,7,8-pentachlorodibenzo-p-dioxin to 2,3,7,8-TCDD to 2,3,7-trichlorodibenzo-p-dioxin to 2,7- and 
2,8-dichlorodibenzo-p-dioxins (Bunge et al., 2003).   

First order half-life times have been obtained for various PCDD congeners from field data (Segstro et 
al., 1995).  Additional half-life times were calculated based on environmental analysis.  Kjeller and 
Rappe (1995) estimated half-life times for PCDDs in sediments at longer than 10 years.  The half-life 
times for 2,3,7,8 TCDD in water and soil for the Baltic Proper site were estimated to be about 0.5 year 
and greater than 100 years, respectively (Sinkkonen and Paasivirta, 2000). 

Geochemical controls, such as iron oxide precipitation, are more likely to limit PCDDs/PCDF transport 
at the RP and vicinity properties than natural biodegradation (Section 8.3.2).  Therefore, natural non-
stimulated biodegradation is anticipated to be only a minor component of any future remedy for 
PCDDs/PCDFs at the RP and vicinity properties. 

8.3.4.10 PCBs 

PCBs have been shown to be biodegraded under various environmental conditions.  Two major 
biological systems have been identified for degradation of PCBs: aerobic-oxidative and anaerobic-
reductive processes.  Numerous aerobes have been identified that can preferentially degrade the less 
chlorinated congeners in PCB mixtures, often congeners with five or fewer chlorine substitutions and 
with two adjacent unsubstituted carbon atoms (Abramowicz, 1990; Quensen et al., 1990).  PCBs are 
known to be broken down by the four-step enzymatic “biphenyl pathway” that transforms biphenyl into 
benzoic acid and 2-hydroxy-penta-2,4-dienoic acid (EPA, 2004).  PCBs with up to three chlorines 
have been shown to be susceptible to degradation via the biphenyl pathway.  
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Reductive dechlorination is an anaerobic degradation mechanism that appears to be used to attack 
the more highly chlorinated PCB congeners.  Usually the microbes prefer to attack the meta- and 
para-chlorines, which results in lower chlorinated ortho-substituted PCB congeners.  PCB-
dechlorinating bacteria have been found in a variety of sites, suggesting that PCB dechlorination 
activity may be part of a common reductive pathway present in many different anaerobic microbes 
(Abramowicz, 1990).  Research has shown that the various products of the anaerobic degradation in 
sediment can be correlated with varying temperatures, suggesting that temperature influences the 
type and sequencing of dechlorination reactions, and that multiple microorganism species may play a 
role in the sediment microbial consortium that biodegrades the PCBs (Wu et al., 1997).  More 
recently, Dhc ethenogenes strain 195 has been shown to reductively dechlorinate 2,3,4,5,6-
pentachlorobiphenyl to 2,3,4,6- and/or 2,3,5,6-tetrachlorobiphenyl and 2,4,6-trichlorobiphenyl (Fennell 
et al., 2004).  This Dhc ethenogenes strain is also able to dechlorinate chlorobenzenes, various 
dioxins and furans, and chloroethenes, all constituents found at the RP property vicinity. 

Penta- and tetrachlorinated PCBs have been shown to be degraded with half-life times of 
approximately 10 years (Brown et al., 1984).  In aerobic sediments, the following coplanar PCB 
congeners were shown to have a half-life time of about nine years: PCB 105, PCB 126, PCB 156, and 
PCB 169 (Beurskens et al., 1993). 

PCB congeners are present at very low concentrations in RP and vicinity property groundwater.  In 
most cases, the proportional congener compositions do not match closely with known Aroclor PCB 
congener compositions (Frame, 1997), indicating that microbes may be actively degrading PCBs.  
Geochemical controls, such as iron oxide precipitation, are more likely to limit PCB transport at the RP 
and vicinity properties than biodegradation (Section 8.3.2). 

8.3.5 Summary 
The ability of natural attenuation processes to limit or eliminate transport of constituents present in 
environmental media at the RP property vicinity, and to ultimately reduce the concentrations of many 
of those constituents to concentrations below levels of potential concern, is well documented in the 
literature.  RP property and vicinity geochemical and historical soil and groundwater chemistry data 
indicate that natural attenuation, including natural biodegradation of organic constituents and 
sequestration of non-volatile organics within iron/manganese precipitates, is occurring.  These 
processes represent an important control on fate and distribution of organic constituents in 
groundwater and surface water.  Some specific evidence of natural attenuation processes in the RP 
property vicinity includes: 
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1.  Chlorinated phenols and chlorophenoxy acetic acid herbicides in groundwater attenuate 
within a short distance from source areas, consistent with the known high level of 
biodegradability of these constituents; 

2. Trichloroethene is degraded to vinyl chloride in the former Doane Lake area, with no 
evidence of increasing concentrations of cis-1,2-dichloroethene, consistent with 
anaerobic biodegradation of chlorinated ethenes; 

3.  PCDDs/PCDFs in groundwater that are related to RP source areas are generally 
confined to the immediate vicinity of those source areas, consistent with sequestration of 
the PCDDs/PCDFs through adsorption to organic matter and precipitated 
iron/manganese solids; and 

4.  Areas in groundwater where metals are detected at higher concentrations are spatially 
isolated, with no clear concentration gradient away from the higher concentration area, 
and no identifiable pattern in the overall distribution of the individual elements, consistent 
with conditions where formation of iron/manganese precipitates control transport of the 
metals. 

It is likely that natural attenuation of other constituents and constituent classes is also occurring in 
groundwater in the RP property vicinity, and these processes will be evaluated as part of any future 
feasibility study or remedial design activities for those constituents for which historical RP operations 
are primarily responsible. 

8.4 VOLATILE ORGANIC COMPOUNDS 

VOCs have been detected in all media sampled at the RP property vicinity, and there are a number of 
potential sources of VOCs at the RP property and in the vicinity.  VOCs are widely used in a variety of 
industrial applications including degreasing, paint removal, dry cleaning, and in the manufacture of 
insecticides, herbicides, pharmaceuticals, synthetic fibers, lubricants, dyes, coatings, and cleansers.  
BTEX are VOCs that occur naturally in crude oil and are generated during the process of making 
gasoline and other fuels from crude oil and in making coke from coal. 

For the purpose of discussion, VOCs have been subdivided into four subgroups based on common 
physicochemical properties:  (1) halogenated benzenes (e.g., 1,2-dichlorobenzene), (2) halogenated 
alkenes and alkanes (e.g., trichloroethene, tetrachloroethene, methylene chloride, vinyl chloride), (3) 
benzene and alkyl benzenes (e.g., BTEX and trimethylbenzenes), and (4) other VOCs detected in the 
RI data set (acetone, 2-butanone [MEK], isobutyl alcohol, and methyl tert-butyl ether [MTBE]).  
Naphthalene is not discussed with the VOCs in Section 8.4; it is discussed with SVOCs in Section 8.5. 
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Sections 8.4.1 and 8.4.2 provide summaries of the conclusions for the VOC constituent class, 
including conclusions specific to each VOC subgroup.  Sections 8.4.3 through 8.4.6 provide a detailed 
presentation and analysis for each VOC subgroup.   

8.4.1 Overall Conclusions Regarding VOCs 
The RP source areas for VOCs are located in the vicinity of known tank farms, waste management 
areas, and manufacturing operations in the HA and in areas where NAPL is known to be present.  
The exception to this is benzene, which appears to have isolated source areas distributed in both the 
HA and IA.  Several VOCs historically were used in formulation and manufacturing operations in the 
HA and IA (Section 2, Table 2B), including 1,2-dichlorobenzene, benzene, acetone, methylene 
chloride (dichloromethane), toluene, xylenes, trichloroethene, tetrachloroethene, and isobutyl alcohol.   

Other sources of VOCs in the RP property vicinity include DDT manufacturing and other processes at 
the Arkema facility (e.g., chlorobenzene, trichloroethene, tetrachloroethene), historical MGP waste 
disposal at the Gasco, BNSF, and Siltronic properties (e.g., BTEX), the trichloroethene releases at the 
Siltronic manufacturing facility, the Kinder Morgan/Santa Fe Pacific Pump Station and Pipeline (e.g., 
BTEX), runoff from Highway 30 (e.g., BTEX, MTBE), and the general industrial use of VOCs as 
solvents, in fuels, and in chemical manufacturing (Section 3.2 and Appendix L). 

The distribution of VOCs related to the RP source areas is controlled by subsurface conditions and 
associated groundwater flow.  In the northern half of the HA and in the NAPL area, releases of VOCs 
to soil and groundwater migrate to the north and northeast, obliquely toward the River, following the 
path of the buried side channel around the bedrock ridge that controls the direction of groundwater 
flow from this part of the RP property.  In the southern portion of the HA and in the IA, releases of 
VOCs to soil and groundwater migrate primarily to the northeast, following a flow path that is more 
perpendicular to the River where the buried side channel has less influence on groundwater flow 
direction.   

The distribution of VOCs in groundwater related to RP operations is consistent with the 
hydrogeological CSM as presented in Section 6.  The distribution of all VOCs associated with RP 
sources occur within the areas where 1,2-dichlorobenzene and vinyl chloride are detected.  
Collectively, these two COIs define the extent of RP-related COIs in groundwater. 

The distribution of VOCs related to RP operations also provides evidence that natural attenuation 
processes are occurring and causing decreases in VOC concentrations in groundwater.  The specific 
environmental fate processes vary among the different types of VOCs, but the data indicate some 
level of degradation for each VOC subgroup, such as decreases in parent constituent concentrations 
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and the presence of associated biodegradation progeny.  In some locations, the data show the 
absence of both parent and progeny where biodegradation may have completed its full cycle.  For 
example, there is a significant decrease in VOC concentrations in groundwater on the ESCO Site, 
with some VOC concentrations decreasing to below detection limits.  This decrease in VOC 
concentrations is likely related to changes in geochemical conditions associated with materials 
deposited in the ESCO landfill or with activities conducted as part of the NL/Gould remedy that 
enhanced biodegradation and/or dilution of VOCs.  The data also show that biodegradation in 
groundwater under multi-source former Doane Lake appears to serve as an important control on VOC 
transport. 

The VOC data also suggests that the multi-source former Doane Lake itself does not serve as a 
significant source of VOCs to groundwater because many VOCs in the Artificial Fill and upper part of 
the Fine-Grained Alluvium are often below conservative screening levels or are not detected across 
much of the multi-source former Doane Lake area.  One secondary area of higher concentrations of 
RP-related VOCs was identified near the City pump station at N.W. Front Avenue.  The vertical 
distribution of VOCs in the pump station area does not indicate that it is a significant source to 
groundwater.  The reason for higher concentrations of VOCs in this area is not known.  This area is 
within the former Doane Lake boundary and may be an area where conditions were not as conducive 
to natural attenuation of VOCs as the rest of former Doane Lake.   

Historical investigations have identified VOC releases on the RP property and surrounding properties 
that have occurred throughout their industrial history.  VOC releases at the RP property have a 
distribution that is distinct from releases of VOCs at vicinity properties.  VOCs attributable to the RP 
property do not overlap with the release of trichloroethene on Siltronic Site in their manufacturing 
area, with releases of BTEX related to MGP wastes on Siltronic property, or with fuel-related product 
releases on Kinder Morgan/Willbridge Site.  Questions concerning distribution of VOCs on Arkema 
Site remain because investigations performed at the Arkema Site to date have not been designed to 
evaluate the distribution of VOCs at depth or between the Arkema source area on Lots 3 and 4, and 
VOC detections at depth at the riverbank and Arkema Lot 2 and Tract A. 

8.4.2 Overall Conclusions Regarding Specific Analyte Classes 
Conclusions specific to the four VOC subgroups are presented below. 

8.4.2.1 Halogenated benzenes (e.g., chlorinated benzenes) 

The relevant chlorinated benzenes that define the extent of this VOC subgroup are 1,2-
dichlorobenzene and chlorobenzene.  1,2-Dichlorobenzene was used in the MCPA manufacturing 
process at the RP property between 1960 and 1966, and is present in NAPL, soil, and groundwater in 
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source areas.  Chlorobenzene, 1,3-dichlorobenzene, and 1,4-dichlorobenzene were present as minor 
components in the 1,2-dichlorobenzene used in RP operations; however, chlorobenzene also likely 
forms in some areas as a byproduct of reductive dechlorination of DCBs.  Chlorobenzene also was 
used at the Arkema Site in the DDT manufacturing process, and other chlorinated benzenes are 
known byproducts of chlorine manufacturing using graphite electrodes (Section 3.2 and Appendix L).   

Chlorinated benzenes are found as dissolved-phase constituents in groundwater near source areas at 
the RP property (the HA and the LADD area) and at depth in the stratigraphic units within the buried 
side channel between the RP property and the River.  The distribution of chlorinated benzenes in 
groundwater is consistent with groundwater flow paths away from RP source areas.  As discussed 
above, chlorinated benzenes that originate in the northern half of the HA follow groundwater along the 
buried side channel toward the railroad bridge and the River.  Chlorinated benzenes that originate in 
the southern half of the HA follow groundwater in a more perpendicular flow path toward the River 
where the buried side channel has less influence on groundwater flow direction.   

1,2-Dichlorobenzene is continuously present in groundwater in the Alluvial-Colluvial Gravel and 
CRBG between the RP plant area and the River.  The DCBs do not reach the River in groundwater in 
the Artificial Fill or Fine-Grained Alluvium.  Dichlorobenzene concentrations in groundwater 
discharging to the River in the RP property vicinity are less than the SLVs by a factor of 100, with the 
exception of 1,4-dichlorobenzene, which has a very low SLV (4.0E-04 mg/L).  Dichlorobenzenes also 
are detected in transition zone water at concentrations exceeding the SLVs in the offshore areas 
sampled by the LWG.  Dichlorobenzene groundwater concentrations are at steady state and are not 
increasing.  

Chlorobenzene in groundwater from RP source areas does not reach the River in the Artificial Fill or 
the Fine-Grained Alluvium.  Chlorobenzene from RP source areas in the Alluvial-Colluvial Gravel and 
CRBG is present at the River within the same area as the dichlorobenzene distribution.  The 
chlorobenzene detection closest to the River is below 10 times the SLV.  A chlorobenzene source 
area is present on Arkema Lots 3 and 4 near the DDT production area, and NAPL containing 
chlorobenzene is present in this area (Section 3.2 and Appendix L).  Production wastes at the Arkema 
Site were discharged to onsite trenches immediately adjacent to the River, and were discharged 
directly to the River.  Groundwater flow at Arkema Site ranges from northeast to north, suggesting that 
halogenated benzenes from the Arkema source area could be migrating northward along the River 
(Stratus, 2009).  The lack of adequate deep monitoring wells at Arkema Lot 3 prevents differentiating 
between Arkema halogenated benzenes and RP halogenated benzenes along a portion of the 
riverbank in front of the Arkema Site.   
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Chlorinated benzenes were detected in NDL sediment at concentrations less than the RSLs, but 
greater than the SLVs.  In surface water, only 1,4-dichlorobenzene exceeded the RSL and SLV, 
demonstrating that chlorinated benzenes are not readily available to partition to surface water.  
Chlorinated benzene concentrations in NDL surface water have decreased over time, and are not 
detected in City Outfall 22C discharge at concentrations that exceed SLVs, demonstrating that 
chlorinated benzenes are not being transported to the River at concentrations of concern via City 
Outfall 22C. 

Chlorinated benzene concentrations detected in non-stormwater at City Outfall 22B do not exceed the 
SLVs, except for 1,4-dichlorobenzene which has a very low SLV (4.0E-04 mg/L). 

8.4.2.2 Halogenated alkenes and alkanes (e.g., trichloroethene, cis 1,2-dichloroethene, 
and vinyl chloride)  

Halogenated alkenes and alkanes have a distribution similar to chlorinated benzenes in the RP 
property vicinity.  The relevant halogenated alkenes and alkanes that define the extent of this VOC 
subgroup are trichloroethene near source areas and vinyl chloride in areas away from sources.  
Trichloroethene historically was purchased for operations in the HA. 

The sources for these VOCs are co-located with source areas for the chlorinated benzenes in the HA 
and the LADD area; however, concentrations of halogenated alkenes and alkanes are typically much 
lower than the chlorinated benzene concentrations, both at the RP property and at downgradient 
locations.  The distribution of halogenated alkenes and alkanes is consistent with groundwater flow 
patterns away from RP sources areas. 

The distribution of halogenated alkanes and alkenes in groundwater is being affected by natural 
attenuation processes.  Natural attenuation of halogenated alkenes and alkanes occurring at RP 
source areas is evident based on the distribution and concentrations of trichloroethene, cis 1,2-
dichloroethene, and vinyl chloride in groundwater.  The biodegradation of trichloroethene is most 
prevalent in the multi-source former Doane Lake area, where geochemical conditions in groundwater 
and active bioremediation efforts by RP in the 1970s created an environment conducive to reductive 
dechlorination of trichloroethene.  Trichloroethene biodegrades to cis 1,2-dichloroethene, which in turn 
biodegrades to vinyl chloride (Section 8.3).  Both cis 1,2-dichloroethene and vinyl chloride 
distributions in groundwater are consistent with the distribution of trichloroethene in conditions 
conducive to anaerobic biodegradation via reductive dechlorination.  As a result: 

1.  Trichloroethene is not continuously present between the RP plant area and the River; 
however, a remnant of trichloroethene in groundwater is present near the River.  
Trichloroethene does not reach the River in the Artificial Fill.  Trichloroethene exceeds its 



 

AMEC Earth & Environmental, Inc. 
150 Project No.:  0-61M-107030/Phase 0104/T6 
 K:\10000\10700\10703\0100 RI-FS-ROD\0104 RI Report\Draft RI\RI-SCE Report.Docx 

SLV at the River in the Fine-Grained Alluvium (but only at one location; RP-14-11), the 
Alluvial-Colluvial Gravel, and the CRBG. 

2.  Cis 1,2-Dichloroethene is mostly absent in source areas, and is present at very low 
concentrations further downgradient, as is typical in conditions conducive to anaerobic 
biodegradation.  Cis 1,2-Dichloroethene is not detected at concentrations above its SLV 
in any stratigraphic unit, except at Siltronic Site near the Siltronic trichloroethene release; 
and 

3.  Vinyl chloride is detected over a greater area than either trichloroethene or cis 1,2-
dichloroethene because vinyl chloride is not biodegradable under anaerobic conditions.  
Vinyl chloride does not reach the River in the Artificial Fill.  Vinyl chloride exceeds its SLV 
at the River in the Fine-Grained Alluvium (but only at two locations; RP-13-22 and PR-
02-49), the Alluvial-Colluvial Gravel, and the CRBG.  The overall distribution of vinyl 
chloride in groundwater is consistent with distribution of chlorinated benzenes, which 
also are more persistent in the environment. 

Complete degradation of trichloroethene is evident on the ESCO Site where trichloroethene 
breakdown product concentrations are generally below published screening values, or are not 
detected at all.  Biodegradation of trichloroethene continues to occur from on-going natural 
attenuation processes. 

Concentrations of halogenated alkenes and alkanes in deep groundwater within the CRBG (greater 
than 100 feet bgs) at the riverbank do not exceed SLVs, and are not entering the regional basalt 
groundwater flow system. 

Other sources of halogenated alkenes and alkanes to groundwater in the RP property vicinity include 
releases of trichloroethene at the Siltronic Site (associated with their manufacturing area) and at 
Arkema on Lot 3 and 4.  Trichloroethene and degradation progeny related to the Siltronic source 
areas is spatially distinct from halogenated alkene and alkane releases related to RP operations.  The 
data for the Arkema Site are insufficient to fully evaluate the extent of halogenated alkenes (including 
tetrachloroethene, trichloroethene and vinyl chloride attributable to Arkema) in groundwater on 
Arkema Lot 2 and Tract A, where tetrachloroethene, trichloroethene and vinyl chloride from Arkema 
and RP sources could be co-mingled near the River.  This statement is based on isolated detections 
of tetrachloroethene, trichloroethene and vinyl chloride on Arkema Lot 2 and Tract A that lie outside 
the groundwater flowpath of RP-related COIs, which suggests a local source related to Arkema. 

Halogenated alkene and alkane benzenes were detected in NDL sediment and surface water, but 
always at concentrations less than the RSLs or SLVs.  Halogenated alkene and alkane concentrations 
in the discharge from City Outfall 22C also are less than SCE SLVs. 
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Halogenated alkene and alkane concentrations detected in non-stormwater at City Outfall 22B do not 
exceed the SLVs, except for tetrachloroethene. 

8.4.2.3 Benzene and alkyl benzenes (e.g., BTEX and trimethylbenzenes) 

The distribution of benzene and alkyl benzenes in groundwater related to RP operations in 
groundwater occurs entirely within the extent of 1,2-dichlorobenzene and vinyl chloride in 
groundwater.  Benzene and the xylenes are the most prevalent members of this VOC subgroup in 
groundwater at the RP property vicinity, and the distributions of other alkyl benzenes are more limited 
in extent. 

These constituents were used in RP operations, but documented sources of these materials occur at 
the Kinder Morgan/Willbridge Site, at the Siltronic Site from possible releases associated with a buried 
petroleum pipeline and associated with MGP waste disposed of on Siltronic property from Gasco 
operations, and at the Jinkz service station located across N.W. St. Helens Road (Highway 30) from 
the RP property (Section 3.2 and Appendix L).  Although aromatic hydrocarbons and alkyl benzenes 
were detected in groundwater downgradient of the RP property, they were rarely detected above 
SLVs in the most recent groundwater samples from riverbank wells.  Benzene was not detected in 
riverbank monitoring wells completed in the Artificial Fill or Fine-Grained Alluvium.  Benzene is not 
detected in the most recent results from wells completed in the Alluvial-Colluvial Gravel, and was 
detected only one time in groundwater collected from RP-24-85 at the corner of Siltronic property near 
the BNSF railroad embankment. 

The downgradient distribution of benzene in groundwater is not consistent with the RP property as the 
only source of benzene in all stratigraphic units.  Benzene is detected in the Artificial Fill in 
widespread locations, but this distribution is not consistent with migration of benzene in groundwater 
away from an RP source area to all the locations in the Artificial Fill where benzene is detected.  For 
example, benzene detected in the Artificial Fill in portions of multi-source former Doane Lake on 
ESCO Site is potentially attributable to foundry sands, and benzene detected in the Artificial Fill on 
Siltronic property is associated with MGP wastes. 

Xylenes related to RP operations are present in RP source areas and are associated with operations 
in the HA.  Xylenes in groundwater in the vicinity of the RP property are also related to sources at the 
Kinder Morgan/Willbridge facility, historical fuel-related sources upgradient of the RP property, and 
contributions from Gasco MGP waste disposal and likely leaks from the Olympic Pipeline on Siltronic 
property.  The extent of xylenes in groundwater is limited, attenuates as it moves away from source 
areas, and does not reach the River.  There is an isolated detection at RP-01-51 that is not consistent 
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with the distribution of xylenes related to former RP operations, and is more likely attributable to 
releases from leaking pipelines. 

Other alkyl benzenes related to RP operations also attenuate rapidly, are largely present only in the 
vicinity of known source areas, and do not reach the River in groundwater. 

Benzene and alkyl benzenes were detected in NDL sediment, but only 1,2,4-trimethylbenzene and 
m,p-xylenes exceeded the SLV.  Benzene and alkyl benzene were detected in surface water, but only 
benzene exceeded the SLV.  Only benzene exceeded its SCE SLV in non-stormwater from City 
Outfall 22C, but benzene in believed to be associated groundwater impacted by MGP waste that is 
infiltrating the City Outfall 22C storm sewer system because the concentrations of benzene at the 
outfall discharge point are greater than those observed in NDL or NDP. 

Benzene and alkyl benzenes were detected in non-stormwater and storm sewer cleanout sediment 
samples from the City Outfall 22B storm sewer.  Benzene and alkyl benzene concentrations detected 
in non-stormwater at the outfall do not exceed the SCE SLVs, except for benzene.   

8.4.2.4 Other VOCs 

Other VOCs detected in the RP property vicinity include MEK, 2-ethyl-1-hexanol, 5-methyl-2-heptanol, 
2-hexanone, acetone, carbon disulfide, isobutyl alcohol, and MTBE.  The detection of these VOCs at 
the RP property and at vicinity properties were sporadic and isolated, and do not represent areas of 
continuous detections between the RP property and the River.  Acetone and carbon disulfide were the 
only other VOCs detected in groundwater samples from riverbank wells, and both are byproducts of 
degradation of organic matter.  Acetone and carbon disulfide concentrations in groundwater at the 
riverbank did not exceed SCE SLVs.  MTBE was detected in groundwater north of the railroad 
embankment and is not related to an RP source. 

Other VOCs were detected very sporadically in media other than soil and groundwater.  Other VOCs 
in City Outfall 22B or 22C discharge, if detected, did not exceed SLVs. 

More detailed information concerning nature, extent, fate, and transport of the VOCs in these 
subgroups is presented the following sections.  

8.4.3 Halogenated Benzenes  
Halogenated benzenes are benzene molecules with the addition of a chlorine, bromine, fluorine, 
iodine, or astatine substituent.  Chlorinated benzenes were the only halogenated benzenes detected 
consistently and at significant concentrations in the RI data set; therefore the discussion of 
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halogenated benzenes in this section is limited to chlorinated benzenes.  Chlorinated benzene 
compounds detected at the RP property and in the vicinity include chlorobenzene, 1,2-
dichlorobenzene, 1,3-dichlorobenzene, 1,4-dichlorobenzene, 1,2,3-trichlorobenzene, and 1,2,4-
trichlorobenzene. 

8.4.3.1 Physical Properties/Environmental Fate of Halogenated Benzenes 

Volatilization, sorption, biodegradation, and bioaccumulation are potential transformation processes 
for chlorinated benzenes, dependent on local environmental conditions (ATSDR, 2006).  Chlorinated 
benzenes are volatile and will readily partition to air from surface water or shallow soil unless 
volatilization is inhibited by adsorption to organic matter.  Chlorinated benzenes are moderately 
soluble in water, with typical solubilities ranging from 80 to 150 mg/L.  Typical soil organic carbon 
partition coefficients for chlorinated benzenes range from 275 to 1,833 dependent on soil type, 
resulting in moderate adsorption to organic matter in soil and sediment (ATSDR, 2006). 

Chlorinated benzenes are moderately persistent in the environment and degrade principally by 
biological processes.  Transformation of chlorinated benzenes in water is expected under aerobic 
conditions but not under anaerobic conditions.  

8.4.3.2 Data 

Soil, groundwater, sediment, surface water, pore water, stormwater, NAPL, and non-stormwater at the 
RP property and vicinity were sampled and analyzed for VOCs.  A total of 448 soil samples, 1,328 
groundwater (monitoring well) samples, 226 groundwater (boring) samples, 91 lake sediment 
samples, 7 storm sewer cleanout sediment samples, 13 NAPL samples, 29 surface water samples, 6 
pore water samples, 1 stormwater sample, and 34 non-stormwater samples, including field duplicates, 
have been analyzed for VOCs. 

Data Sets 

VOC analytical results are presented in Appendix C, in tables, and in Appendix F, in distribution 
figures, as indicated below. 

● Soil:  Table C1-2; Figures F-0040 to F-0093 

● Groundwater (from monitoring wells):  Table C3-2; Figures F-0368 to F-0439 

● Groundwater (grab samples from borings):  Table C2-1; Figures F-0742 to F-0759 

● Lake Sediment:  Table C7-1; Figures F-1014 to F-1031 

● Pore Water:  Table C6-1; Figures F-0975 to F-0992 
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● Surface Water: Table C5-2; Figures F-0892 to F-0909 

● Stormwater and Non-Stormwater:  Table C8-1; Figures F-1102 to F-1119 

● NAPL:  Table C4-1; F-0826 to F-0843 

● Storm Sewer Cleanout Sediment:: Table C10-2 

Halogenated benzene data in the RI data set are generally considered reliable.  The methods used for 
halogenated benzene analysis on groundwater samples were EPA Methods:  602, 624, 8020, 8240, 
and 8260.  Soil samples collected from the RP property and vicinity were analyzed using EPA 
Methods 8020, 8240, and 8260. 

Data Usability 

EPA Methods 602 and 8020 use either a non-selective PID or ECD to detect VOCs.  Analyte 
identification is based solely on a target analyte’s retention time.  All of these methods are prone to 
coelution of target and non-target analytes.  The majority of the data collected from the RP property 
and vicinity and analyzed using 602 and 8020 were not validated, leading to greater uncertainty in 
analyte identification and quantification. 

In the standard EPA Method 624, 8240, and 8260 analysis, the GC/MS is run in full scan mode, 
monitoring a range of mass to charge ratios.  These mass spectra can then be compared to a library 
of mass spectra to determine an analyte’s identity.  Full scan analysis is useful for identifying and 
quantifying a large range of analytes, but is prone to interference from unwanted ions that may 
obscure an analyte’s mass spectra.  

Results were consistent with the CSM and the chlorinated benzene data are considered to be usable 
for purposes of the RI.  

8.4.3.3 Sources of Halogenated Benzenes in the RP Property Vicinity 

Dichlorobenzene was used in formulation and manufacturing operations on the RP property.  1,2-
Dichlorobenzene was used in production of MCPA in the HA from 1960 to 1966.  

Chlorobenzene was used for DDT manufacturing on the Arkema Site from approximately 1947 until 
operations ceased in 1954.  Crude DDT was formed in a batch reaction process by reacting chloral 
with chlorobenzene and oleum (anhydrous sulfuric acid).  Waste acid from the reaction was drained 
and the remaining crude DDT-chlorobenzene mixture was water-washed.  The waste stream from the 
wash process contained chlorobenzene and 1,4-dichlorobenzene.  The DDT plant operated without 
chlorobenzene recovery facilities from 1947 until late 1950.  During this period, these wastes were 
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discharged either to the River or to a disposal pond, or both (Appendix L).  ERM (2005) described the 
Arkema DDT manufacturing process residues as having been discharged untreated to the River and 
to a pond located between the DDT process building and the River.  Chlorobenzene and DCBs 
commonly occur in groundwater at former DDT manufacturing sites (EPA, 1990a).   

8.4.3.4 Nature and Extent of Halogenated Benzenes in Environmental Media in the RP 
Property Vicinity 

Halogenated benzenes source areas are located on RP property in the HA and in LADD area, and at 
the Arkema Site.  Chlorinated benzenes were detected in all environmental media at the RP property 
and vicinity.   

Soil 

Chlorinated benzenes were analyzed in NAPL samples from the northern end of the HA, the LADD 
area, and near former WDL, and are a primary component of NAPL.  Chlorinated benzenes were 
detected in NAPL samples from RP-04 located in the LADD area and in MW-05, MW-08, and P-07 
located in the northern portion of the HA.  Chlorinated benzenes were not detected in the MGP NAPL 
sample from PZ-03-40W located near NDP. 

Source Area Soil 

The chlorinated benzene detected at the greatest concentration in NAPL is 1,2-dichlorobenzene.  The 
maximum detection was 21% weight per volume (w/v) from RP-04-41 in the LADD area.  1,2-
Dichlorobenzene concentrations in NAPL samples collected from the HA typically were lower than 
1,2-dichlorobenzene concentrations in NAPL samples from the LADD area.  1,3-Dichlorobenzene and 
1,4-dichlorobenzene were detected at lower concentrations than 1,2-dichlorobenzene in NAPL 
samples from the HA and the LADD area.  Chlorobenzene concentrations typically were one to two 
orders of magnitude lower than dichlorobenzene concentrations in NAPL samples. 

The detection of chlorinated benzenes in NAPL at the HA and LADD area is consistent with 
detections in soil in these areas.  Chlorinated benzene detections in soil associated with RP property 
operations extend into areas of the ESCO property near former WDL and to NL/Gould property near 
the HA.  Chlorinated benzenes were detected sporadically and at low concentrations at the HDD, on 
Schnitzer property, and at the Riverbank on the Arkema property.    

The only halogenated benzene detected above its industrial soil RSL of 12 mg/kg was 1,4-
dichlorobenzene.  1,4-Dichlorobenzene was detected above the RSL in soil at the HA, the LADD 
area, former Doane Lake area, and the NL/Gould property.  RSL exceedances was localized to one 
location within the multi-source former Doane Lake (TR8-D), located near the border of the HA, the 
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NPA, and the NL/Gould property.  1,4-Dichlorobenzene detections were less than the RSL in all off-
property soil samples.     

1,2-Dichlorobenzene concentrations did not exceed the RSL of 9,800 mg/kg in any soil samples.  The 
highest 1,2-dichlorobenzene concentrations were detected in locations associated with NAPL present 
under the HA and in the LADD area near the southern end of former WDL.  1,2-Dichlorobenzene 
concentrations decreased to less than 6 mg/kg in soil samples collected outside of the HA, the LADD 
area, and one sample collected in the multi-source former Doane Lake area (BTB-5-20).   

The distribution of chlorobenzene and trichlorobenzenes in soil mirrors the distribution of DCBs, but 
chlorobenzene and trichlorobenzenes typically were detected at lower concentrations than DCBs.  
Therefore, the remainder of this section focuses on the distribution of DCBs in soil.  

HA:  Chlorinated benzene concentrations were highest in samples collected within 20 feet of the 
ground surface located between the western railroad spur and the western boundary of the HA, and at 
the northern end of the HA.  Chlorinated benzenes were detected in HA soil samples collected near 
the boundary of the NL/Gould property.  Chlorinated benzene in soil samples collected along the 
boundary between the HA and the Metro property, and along the southern property boundary with the 
IA, typically were below detection limits.   

1,2-Dichlorobenzene and 1,3-dichlorobenzene were not detected in HA soil above their RSL of 9,800 
mg/kg.  1,4-Dichlorobenzene was detected above the RSL of 12 mg/kg in samples collected from five 
borings in the HA.  The maximum historical 1,2-dichlorobenzene detection was 4,280 mg/kg, detected 
in 1989 in sample T-19 collected from 12.5 to 13.5 feet bgs near the northern end of the western 
railroad spur in the HA.  The maximum historical 1,3-dichlorobenzene detection was 165 mg/kg, 
detected in 2001 in sample HA-218 collected from 8 feet bgs near the western railroad spur.  The 
maximum historical 1,4-dichlorobenzene detection was 1,300 mg/kg, detected in December 2000 in 
sample HA-14 collected from 8.5 to 10 feet bgs located at the western HA property boundary.  

LADD Area:  1,4-Dichlorobenzene was the only chlorinated benzene detected above the RSL (12 
mg/kg) in the LADD area.  The 1,4-dichlorobenzene RSL exceedances were concentrated near the 
LADD.  The maximum 1,4-dichlorobenzene concentration detected in the LADD area was 643 mg/kg 
at 26 feet bgs (sample collected below the water table) in NB-19. 

The distribution of 1,2-dichlorobenzene detections matched that of 1,4-dichlorobenzene detections.  
The maximum 1,2-dichlorobenzene detection was 1,490 mg/kg at 26 feet bgs (sample collected below 
the water table) in NB-19 located in the LADD area. 
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IA:  Halogenated benzenes were not detected above RSLs in the IA.  The maximum chlorinated 
benzene detection in the IA was 1,2-dichlorobenzene at 2.5 mg/kg, at 4 to 5 feet bgs in ITB-06 located 
near the western edge of the IA.  The maximum 1,4-dichlorobenzene, 1,3-dichlorobenzene, and 
chlorobenzene concentrations in the IA also were detected in the sample from ITB-06.  Chlorinated 
benzene detections in the IA other than at ITB-06 ranged from 0.014 mg/kg to 0.41 mg/kg, and were 
concentrated in the central area of the IA near the former dust plant building and near the western 
railroad spur.  Chlorinated benzenes were not detected in soil samples along the southern or eastern 
IA property boundaries. 

Non Source Area Soil 

Former Doane Lake Area and Other Properties:  1,4-Dichlorobenzene was the only chlorinated 
benzene detected above the RSL of 12 mg/kg in the former Doane Lake area, and was detected 
above the RSL in just one location (TR8-D).  One sample was collected at TR8-D, located near the 
NL/Gould property boundary, and contained 1,4-dichlorobenzene at a concentration of 31 mg/kg at 
approximately 10 feet bgs. 

The greatest chlorinated benzene concentrations beyond the boundaries of the RP property were 
detected at the NL/Gould property.  The highest chlorinated benzene concentration at the NL/Gould 
property was detected at B-05, located near the northern corner of the HA.  Chlorinated benzene 
detections at B-05 ranged from 0.003 mg/kg (12.5 feet bgs in 1992) to 960 mg/kg (32 feet bgs in 
1992; sample collected below the water table).  Chlorinated benzene detections at NL/Gould locations 
other than B-05 were much lower, ranging from 0.003 mg/kg at B-02 (18 feet bgs in 1992) to 4.1 
mg/kg at B-06 (15.5 feet bgs in 1992).   

Chlorinated benzenes were detected at levels significantly below the RSLs on other vicinity 
properties.   

Groundwater data from monitoring wells are discussed in this section because they are the most 
representative of groundwater conditions.  Groundwater sample results from borings followed similar 
trends to those observed from the monitoring well results and are not discussed further. 

Groundwater 

The detection of chlorinated benzenes in groundwater in the HA and the LADD area is consistent with 
detections in NAPL and soil in these areas.  Chlorinated benzenes were detected above RSLs on the 
RP property and in the vicinity consistent with proximity to source areas.  The highest source area 
chlorinated benzene concentrations in groundwater were detected in samples from the HA and the 
LADD area.  Chlorinated benzenes occur primarily in the Artificial Fill and the Fine-Grained Alluvium 
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near the RP property, but are more widespread in the lower portions of Fine-Grained Alluvium, the 
Alluvial-Colluvial Gravel, and CRBG in locations distal to sources areas and with increasing proximity 
to the riverbank.  Concentrations typically decrease with distance downgradient of the HA.  
Concentrations also decrease at depth.  This distribution is consistent with RP source areas and 
groundwater pathways described in the CSM (Section 6).  Chlorinated benzenes were detected 
continuously in groundwater between the RP source areas and the River, but concentrations at the 
riverbank are less than those detected at the source areas.  Chlorinated benzene concentrations in 
groundwater did not exceed the SCE SLVs by more than a factor of 100 at the riverbank during the 
most recent groundwater sampling events conducted between 2007 through 2010 (except for 1,4-
dichlorobenzene, which has a very low SLV). 

HA:  Chlorinated benzenes have been detected in HA groundwater at concentrations above RSLs 
during groundwater sampling events since March 2000.  The highest chlorinated benzene 
concentrations in HA groundwater typically occurred in the Artificial Fill and the Fine-Grained Alluvium 
in the far northern portion of the HA and along the eastern HA property boundary.  Chlorinated 
benzenes generally were not detected or were detected at concentrations below RSLs upgradient of 
the source area and near the western HA property boundary.   

Source Area Groundwater 

The chlorinated benzene detected at the greatest concentration in each stratigraphic unit in the HA 
was 1,2-dichlorobenzene.  Chlorobenzene, 1,3-dichlorobenzene, and 1,4-dichlorobenzene distribution 
in HA groundwater was similar to that of 1,2-dichlorobenzene; however, these constituents typically 
were detected at lower concentrations.  The RSL for 1,4-dichlorobenzene is very low (4.0E-04 mg/L), 
resulting in a wider distribution of RSL exceedances in the groundwater, despite the low 
concentrations relative to 1,2-dichlorobenzene.  The maximum 1,2-dichlorobenzene detections in 
each stratigraphic unit in samples collected from the HA since March 2000 were 28.2 mg/L in the 
Artificial Fill (MW-05-24), 10.7 mg/L in the Fine-Grained Alluvium (MW-04-27), and 0.81 mg/L in the 
CRBG (MW-05-70).   

LADD Area: Chlorinated benzenes were detected in groundwater samples collected in most 
monitoring wells in the LADD area.  Chlorinated benzenes were widely distributed throughout the 
LADD area in the Alluvial-Colluvial Gravel and CRBG.   

1,2-Dichlorobenzene was detected above the RSL of 0.37 mg/L in each stratigraphic unit in the LADD 
area, although typically at lower concentrations than in the HA.  The maximum 1,2-dichlorobenzene 
concentrations in the Artificial Fill (3.8 mg/L at PP-08), Fine-Grained Alluvium (20 mg/L at RP-15-53), 
and CRBG (21 mg/L at RP-15-65) were detected at wells in the LADD area near the southern end 
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former WDL.  1,2-Dichlorobenzene in this area typically decreased away from the LADD area.  The 
distribution of chlorobenzene, 1,3-dichlorobenzene, and 1,4-dichlorobenzene in groundwater in this 
area was similar to 1,2-dichlorobenzene; however, the RSL for 1,4-dichlorobenzene is very low (4.0E-
04 mg/L), resulting in a wider distribution of RSL exceedances in the groundwater. 

IA:  1,4-Dichlorobenzene was the only chlorinated benzene detected above the RSL in the IA.  1,4-
Dichlorobenzene detections in the IA were limited to the Fine-Grained Alluvium in three monitoring 
wells (MW-10-24, RPW-02(38), and MW-11-24) and one location in the CRBG (MW-11-79).  The 
maximum 1,4-dichlorobenzene concentration detected was 0.015 mg/L in the Fine-Grained Alluvium 
at RPW-02(38), located near the former dust plant building.  No other chlorinated benzenes were 
detected above RSLs in the IA, and dichlorobenzene detections were all below 0.1 mg/L. 

Non Source Area Groundwater 

Former Doane Lake and Other Properties:  Chlorinated benzenes were detected in groundwater 
samples collected in most monitoring wells in the multi-source former Doane Lake area.  1,2-
Dichlorobenzene was detected above the RSL (0.37 mg/L) in each stratigraphic unit in the multi-
source former Doane Lake area.  The maximum 1,2-dichlorobenzene detections in the Artificial Fill, 
Fine-Grained Alluvium, and the Alluvial-Colluvial Gravel occur at a single monitoring well cluster 
(AL2/BST2S-61) located in the NPA near the NL/Gould property boundary.  The maximum 1,2-
dichlorobenzene detection at this well cluster for the Artificial Fill, Fine-Grained Alluvium, and the 
Alluvial-Colluvial Gravel are 1.6 mg/L, 11.3 mg/L, and 7.9 mg/L, respectively.  The distribution of 
chlorobenzene, 1,3-dichlorobenzene, and 1,4-dichlorobenzene in groundwater in this area was similar 
to 1,2-dichlorobenzene; however, the RSL for 1,4-dichlorobenzene is very low (4.0E-04 mg/L), 
resulting in a wider distribution of RSL exceedances in the groundwater. 

Chlorinated benzenes were detected in groundwater samples from other properties in the vicinity of 
the RP property.  Concentrations typically decrease downgradient of the RP property.  Chlorinated 
benzenes were less than 100 times the SCE SLVs in monitoring wells at the riverbank during the 
most recent sampling events conducted in 2007 through 2010 (except for 1,4-dichlorobenzene, which 
has a very low SLV).  The extent of chlorinated benzenes downgradient of RP source areas in the 
Alluvial-Colluvial Gravel and CRBG has been defined by significantly lower concentrations to the north 
on Siltronic property and to the south at NL/Gould and Metro properties and by non-detections or J-
qualified results on Arkema Lot 2.  This distribution is consistent with groundwater flow (Section 6).    

Chlorinated benzene concentrations from properties immediately downgradient of the RP property 
(ESCO, NL/Gould, and Metro) were significantly lower than RP property concentrations.  The highest 
chlorinated benzene detections on these downgradient properties from 2007 through 2010 sampling 
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events occurred in the Alluvial-Colluvial Gravel and CRBG at the ESCO property.  Typical chlorinated 
benzene detections at ESCO during this time period ranged from at 0.735 mg/L for chlorobenzene in 
the CRBG at the northeastern corner of the property to 1.4E-04 mg/L for 1,4-dichlorobenzene in the 
Fine-Grained Alluvium at the eastern edge of the property.  Maximum detections between 2007 
through 2010 at the NL/Gould and Metro properties were much lower, at 0.214 mg/L (1,2-
dichlorobenzene in the Fine-Grained Alluvium in W-15-D(62) at Metro) and 0.0047 mg/L (1,2-
dichlorobenzene in the Fine-Grained Alluvium in W-03-I(41) at NL/Gould).  

1,2-Dichlorobenzene detections near the northern end of N.W. Front Avenue were elevated above 
detections on the upgradient ESCO property, and may indicate the presence of a local source 
originating near the Guilds Lake pump station or on Arkema Lot 1.  The 1,2-dichlorobenzene 
concentration on ESCO property at upgradient well RP-18-30 (6.3 E-4 mg/L) was one order of 
magnitude less than 1,2-dichlorobenzene concentrations at PM-01-18 (0.00159 mg/L, estimated) and 
PM-05-24 (0.00825 mg/L) at the northern end of N.W. Front Avenue.      

Chlorinated benzene concentrations, specifically chlorobenzene, indicate there is a local source of 
chlorinated benzenes at the Arkema Site on Lots 3 and 4 at the River that are not associated with RP 
source areas.  Historical operations at Arkema resulted in a chlorinated benzene waste stream that 
was discharged to the Arkema Site and the River in the late 1940s (Section 3.2 and Appendix L).  
Chlorobenzene concentrations at the Arkema Site on Lots 3 and 4 are typically between 1 and 100 
mg/L in this source area (ERM, 2010).  This area of chlorobenzene does not appear to be connected 
to the chlorobenzene detections at the River in monitoring wells RP-02 and RP-13, but there are very 
few monitoring wells completed at an adequate depth at the Arkema Site on Lots 3 and 4 to confirm or 
refute a potential link.  Groundwater flow directions at the Arkema Site range from northeast to north 
(Stratus, 2009) and suggest that chlorinated benzenes from the Arkema source could be moving 
northward along the River.  

The 1,2-dichlorobenzene distribution in groundwater indicates clear sources in the HA and LADD 
area.  1,2-Dichlorobenzene is detected in the Artificial Fill on RP property only proximal to the HA and 
LADD sources areas because the dominant groundwater flow direction in the Artificial Fill is 
downward to the Fine-Grained Alluvium.  1,2-dichlorobenzene moves away from the HA and LADD 
area sources, following groundwater flow horizontally through the lower part of the Fine-Grained 
Alluvium, the Alluvial-Colluvial Gravel, and the upper part of the CRBG, following the buried bedrock 
channel toward the River.  The approximate extent of the area over which 1,2-dichlorobenzene could 
discharge to the River is between RP-02 and RP-07.  Other chlorinated benzenes follow the same 
distribution pattern in groundwater between RP source areas and the River. 
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There is also another source for chlorobenzene within the RP property vicinity located at the Arkema 
Site on Lots 3 and 4.  This chlorobenzene source area is distinct from the chlorinated benzenes from 
the RP source areas, but it is unknown if these two plumes co-mingle near the River because there 
are a limited number of adequately deep monitoring wells on Arkema Lot 3 to address this question. 

The lake sediment and surface water data include samples from former WDL, NDL, and NDP.  
Halogenated benzenes were detected in surface water and sediment at NDL, and in sediment from 
former WDL.  Multiple sources have likely contributed these constituents to NDL; the primary source 
of halogenated benzenes to former WDL was RP facility operations. 

Lake Sediment/Surface Water 

WDL is discussed separately from NDL because of the lack of current significant hydrologic 
connection between the two water bodies (Section 6.2.4.2).  Although there was likely an historical 
connection, water elevation in NDL has risen since completion of the northern railroad embankment 
and the presence of a long-standing beaver dam at the lake outlet (Sections 6.2.4.3 and 7.2.3.1).  
Former WDL and NDL also have distinct fill histories and potential constituent sources. 

Chlorinated benzenes were detected above SCE SLVs in former WDL sediment samples collected 
since November 2005.  The highest chlorinated benzene concentrations in former WDL sediment 
were detected in samples collected from the southern end of former WDL near the LADD area, with 
decreasing concentrations toward the north.  The maximum halogenated benzene detected in 
sediment from former WDL was 1,2-dichlorobenzene at 5,400 mg/kg at 5 to 8 feet bgs in sample 
W002, located at the southern end of former WDL.   

Former WDL 

Halogenated benzenes were not detected in surface water samples from former WDL.  Halogenated 
benzenes in former WDL were addressed by the WDL IRAM, as discussed in Section 5.   

The chlorinated benzene detected at the highest concentrations in sediment was chlorobenzene in 
samples along the southeastern side of NDL near former WDL: NDL-101-S, NDL-103-S, NDL-105-S, 
and NDL-1 (Appendix F Figure F-1021).  The maximum chlorobenzene concentration in sediment 
from NDL was at 31.7 mg/kg detected in a 2003 sample from NDL-105-S (0 to 1 foot bswi) located 
near the southern corner of NDL.  The lowest concentrations and non-detected results occurred in 
sediment samples collected along the western side of NDL, away from former WDL: NDL-104-S, 
NDL-102-S, and NDL-106-S.  The maximum chlorobenzene concentration detected in these three 

NDL 
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samples was 0.645 mg/kg in NDL-104-S (1 to 5 feet bswi).  Chlorinated benzenes were not detected 
in NDL-106-S located at the western edge of NDL.   

Chlorobenzene was detected in each of the three NDL surface water samples collected in 1995, at 
concentrations ranging from 8.0E-04 mg/L to 0.003 mg/L.  Chlorobenzene was detected in six of 
seven NDL surface water samples collected in 2003, at concentrations ranging from 1.6E-04 mg/L to 
0.00231 mg/L, demonstrating a decrease in concentrations over time. 

The spatial distribution of 1,4-dichlorobenzene in NDL sediment is similar to that of chlorobenzene; 
however, 1,4-dichlorobenzene was not detected in NDL-107-S and NDL-3 located in the central and 
northern portions of NDL where chlorobenzene was detected.  1,4-Dichlorobenzene was detected at 
lower concentrations than chlorobenzene, but at higher concentrations than 1,3-dichlorobenzene and 
1,2-dichlorobenzene.  The maximum 1,4-dichlorobenzene detection was 0.66 mg/L in NDL-105-S (5 
to 9 feet bswi) located near the southern corner of NDL.  1,4-Dichlorobenzene was detected in three 
NDL surface water samples collected in 1995 at concentrations up to 0.003 mg/L.  1,4-
Dichlorobenzene was not detected above the MDL of 1.87E-04 mg/L in the six surface water samples 
collected in 2003. 

1,3-Dichlorobenzene was detected in more samples and at greater concentrations than 1,2-
dichlorobenzene.  1,3-Dichlorobenzene and 1,2-dichlorobenzene detections in surface water were 
located along the eastern side of NDL closest to former WDL.  The maximum 1,3-dichlorobenzene 
detection was 0.176 mg/L in NDL-105-S (0 to 1 foot bswi) located at the eastern edge of NDL.  The 
maximum 1,2-dichlorobenzene detection was 0.858 mg/L in NDL-101-S (7 to 10 feet bswi) located at 
the eastern edge of NDL.  1,3-Dichlorobenzene was not detected in NDL surface water samples.  1,2-
Dichlorobenzene was detected in three NDL surface water samples collected in 1995.  1,2-
Dichlorobenzene was not detected above the MDL of 8.6E-05 mg/L in surface water samples 
collected in 2003.  The low concentrations in surface water demonstrate that constituents in NDL 
sediments are not readily available to partition to surface water.  

Historical documentation and aerial photographs suggest that there was some hydraulic connection 
between former Doane Lake and early configurations of NDL through the railroad embankment in and 
prior to the 1960s.  This connection also is suggested by detection of some RP-related constituents in 
NDL sediment along the south arm of the lake during a 2003 sampling event.   

Since 1995 a beaver dam was constructed which allowed the surface water elevation in NDL to rise, 
suggesting a change in hydrology that would limit flow of groundwater from the NPA to NDL.  A 
beaver dam is still present near the discharge culvert from NDL to NDP.  The degree to which 
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seepage occurs through lake bottom sediments is expected to be low, as vertical conductivity of lake 
sediments has allowed NDL to form as a water body.   

The only halogenated benzene detected in sediment from NDP was 1,2-dichlorobenzene detected in 
one sample, at 0.048 mg/kg.  Halogenated benzenes were not detected in NDP surface water 
samples.  1,4-Dichlorobenzene and chlorobenzene were detected in NDP seep samples.  

NDP 

Six pore water samples from NDL and NDP were collected for analysis of VOCs.  Chlorinated 
benzenes were detected in only two pore water samples from NDL, NDL-101-PW and NDL-105-PW, 
both of which are located at the eastern edge of NDL near the RP property.  This is consistent with 
detections of chlorinated benzenes in NDL sediment.  The maximum detection was chlorobenzene at 
0.766 mg/L in NDL-101-PW.  Chlorinated benzenes were not detected in the NDP pore water 
samples. 

Pore Water 

Non-stormwater from City Outfall 22B (from manholes and the outfall), and stormwater and non-
stormwater from City Outfall 22C, were sampled for the RP RI.  Sediment cleaned out of the City 
Outfall 22B storm sewer system was also sampled.  The results are discussed below. 

Stormwater/Non-Stormwater and Storm Sewer Sediment Samples 

The City Outfall 22B IRAM effectively eliminates infiltration of groundwater into the City Outfall 22B 
storm sewer system and, therefore, eliminates potential discharge of RP-related constituents to the 
outfall.  Halogenated benzenes detected in non-stormwater prior to IRAM implementation are likely 
from infiltration of groundwater as well as from non-RP-related sources.  Halogenated benzenes 
detected in storm sewer cleanout sediment suggest overland transport from non-RP-related sources 
and only limited transport and deposition associated with infiltrating groundwater.  

City Outfall 22B 

Historical detections of halogenated benzenes in non-stormwater from the storm sewer system were 
generally consistent with shallow groundwater detections in monitoring wells located near N.W. Front 
Avenue and likely represented infiltrating groundwater.  1,2-Dichlorobenzene, 1,3-dichlorobenzene, 
and 1,4-dichlorobenzene were detected in one or more non-stormwater samples at maximum 
concentrations of 0.001 mg/L (MH-07), 2.0E-04 mg/L (estimated) (MH-05 and Outfall 22B), and 0.001 
mg/L (Outfall 22B), respectively.  There was no discernable trend between dichlorobenzene 
detections and their location within the storm sewer system.  Chlorobenzene was detected in multiple 
non-stormwater samples, at concentrations ranging from 2.3E-04 mg/L to 0.009 mg/L.  
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Chlorobenzene concentrations were generally greatest at the outfall.  1,2,3-Trichlorobenzene and 
1,2,4-trichlorobenzene were only detected in one non-stormwater sample (MH-5, September 1996) at 
estimated concentrations of 2.6E-04 mg/L and 2.3E-04 mg/L, respectively.   

No halogenated benzenes were detected in samples from 2008 of a water seep and infiltration flowing 
into catch basins ANF217 and ANF220 located along N.W. Front Avenue. 

No halogenated benzenes were detected in either of the two City Outfall 22B storm sewer cleanout 
sediment samples collected in 2006.  1,2,3-Trichlorobenzene and 1,2,4-trichlorobenzene were the 
only halogenated benzenes detected in the storm sewer cleanout sediment in 2009.  1,2,3-
Trichlorobenzene and 1,2,4-trichlorobenzene were only detected in sample IDW-338 collected from 
the Metro storm sewer line on the Schnitzer property, at estimated concentrations of 0.012 mg/kg and 
0.01 mg/kg, respectively. 

Chlorobenzene was the only halogenated benzene detected at City Outfall 22C.  Chlorobenzene was 
detected in 2002, 2003, and 2004 non-stormwater samples at concentrations ranging from 2.9E-4 
mg/L to 6.05E-4 mg/L.   

City Outfall 22C 

8.4.3.5 Fate and Transport of Halogenated Benzenes in Environmental Media in the RP 
Property Vicinity 

Historical sources of chlorinated benzenes in the RP property vicinity include the use of 
dichlorobenzene in formulation and manufacturing operations on the RP property, use of 
chlorobenzene at the Arkema Site in DDT manufacturing operations, and generation of a waste 
stream containing chlorinated benzenes at the Arkema Site. 

Chlorinated benzenes historically have been used on the RP property and surrounding industrial sites.  
These substances are widely used for a variety of industrial operations, and are common 
contaminants in soil and groundwater at industrial properties.  Analytical data suggest there is a 
source of chlorinated benzenes in the Artificial Fill at the northern end of N.W. Front Avenue near the 
Guild’s Lake pump station and on Arkema Lot 1.  1,2-Dichlorobenzene detections near the pump 
station (PM-01 and PM-05) and on Arkema Lot 1 (ARK-03) are greater than 1,2-dichlorobenzene 
detections at the nearest upgradient wells on the ESCO Site (RP-18-30).  The source of the 
chlorinated benzenes near the pump station is unknown. 

Halogenated benzene concentrations were greatest where NAPL is present in the northern end of the 
HA and in the LADD area.  Concentrations decreased rapidly in downgradient monitoring wells with 
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increasing distance from the HA.  The distribution of DCBs in groundwater is consistent with 
groundwater gradients and flow direction, and extends from the RP source areas to the River, 
primarily within the Alluvial-Colluvial Gravel and CRBG.   

Halogenated benzenes were detected in surface water and sediment at NDL, and in sediment from 
former WDL.  Multiple sources have likely contributed the constituents to NDL; the primary source of 
halogenated benzenes to former WDL was RP facility operations.  Halogenated benzenes in former 
WDL have been addressed, along with other constituents, by the WDL IRAM as discussed in Section 
5.  Halogenated benzenes in sediments were relatively higher in the southern end of former WDL.  
This is consistent with historical waste handling practices and correlates with VOC distribution in soil 
and groundwater.  The low concentrations in NDL surface water relative to higher concentrations of 
chlorobenzene and 1,2-dichlorobenzene detected in RP source areas indicates a lack of ongoing 
connection between RP source areas and NDL.  Low concentrations in NDL surface water also 
indicate that constituents in NDL sediments are not readily available to partition to surface water.  

8.4.3.6 Summary of Transport Pathways 

Areas where halogenated benzenes enter the groundwater system are identified based on 
concentrations found in soil and groundwater, expected association with other compounds in source 
areas, and information on RP vicinity properties source composition (Appendix L).  Historical RP 
releases to soil occurred in the HA and in the LADD area.  Constituents are transported through 
groundwater from the source areas toward the River.  Some halogenated benzenes reach the River 
above SLVs.  Of those halogenated benzenes that reach the River, some are known to be present in 
a separate source area on Arkema Lots 3 and 4, and exceed their SLVs at multiple monitoring well 
locations.  Groundwater flow at Arkema Site ranges from northeast to north, suggesting that 
halogenated benzenes from the Arkema source area could be migrating northward along the River.  
The lack of adequate deep monitoring wells at Arkema Lot 3 prevents differentiating between Arkema 
halogenated benzenes and RP halogenated benzenes along a portion of the riverbank in front of the 
Arkema Site.   

Groundwater 

The groundwater pathway historically transported halogenated benzenes to the City Outfall 22B storm 
sewer system and to NDL.  The groundwater pathway also carried halogenated benzenes to the City 
Outfall 22B system from other sources. 

Former Doane Lake/Former WDL: Multi-source former Doane Lake is an historical constituent 
migration pathway that received wastes from multiple facilities.  Former Doane Lake and former WDL 

Stormwater, Surface Water, and Sediment 
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are not current pathways for constituent migration or receptor exposure.  Because former Doane Lake 
is filled and former WDL is remediated, there are no transport mechanisms available and no surface 
water remains for direct contact by receptors.  The only potential transport of halogenated benzenes 
from former Doane Lake or from former WDL would occur through the groundwater pathway.  

NDL: NDL media (sediment, pore water, and surface water) are affected by constituents from RP and 
other sources.  The surface water pathway from the RP property to NDL is not complete.  This is 
supported by limited and low concentrations of halogenated benzenes in NDL surface water samples.  
Halogenated benzenes have been detected in NDL sediments but low concentrations in surface water 
demonstrate that constituents in NDL sediments are not readily available to partition to surface water.  
Sediments are an exposure pathway.   

HDD: Halogenated benzenes detected in soil samples from the HDD and its immediate vicinity could 
have historically migrated from the multi-source former Doane Lake to the HDD.  However, the lack of 
flow through the HDD, the low concentrations and sporadic presence of these compounds, and the 
lack of groundwater concentrations that would identify the HDD as a source, demonstrate that the 
HDD is not a current migration pathway to groundwater or the River. 

Stormwater/Non-stormwater, City Outfall 22B:  The City Outfall 22B storm sewer system is an 
historically complete pathway for transport of RP-related constituents in groundwater to the River, but 
is not considered a current or future pathway.  Halogenated benzenes have been detected at low 
levels in non-stormwater within the City Outfall 22B storm sewer system at concentrations fairly 
consistent with shallow groundwater.  Shallow groundwater in the vicinity of the City Outfall 22B storm 
sewer contains COIs from multiple sources.  Sources of sediment to City Outfall 22B include overland 
flow not related to the RP property because there is no overland flow from RP sources to the City 
Outfall 22B storm sewer system.  Chlorinated benzene concentrations detected in non-stormwater at 
the outfall do not exceed the SCE SLVs.   

Stormwater/Non-stormwater, City Outfall 22C:  The City Outfall 22C storm sewer system is not a 
complete pathway for transport of RP-related constituents from NDL to NDP to the River because 
groundwater from RP sources that contains halogenated benzenes does not intercept the City Outfall 
22C storm sewer (Sections 6 and 7), and because concentrations of RP-related halogenated 
benzenes in the discharge from City Outfall 22C are less than SCE SLVs. 

8.4.4 Halogenated Alkenes and Alkanes 
Alkenes are unsaturated aliphatic hydrocarbons containing at least one carbon-to-carbon double 
bond.  Alkanes are aliphatic hydrocarbons in which a carbon atom has four bonds (either C-H or C-C 
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bonds), and each hydrogen atom is joined to a carbon atom (H-C bonds).  Halogenation refers to 
replacing one or more hydrogen atom with a halogen group atom (e.g., chlorine) in petrochemical 
precursors such as methane, ethane, ethene, and propane (Cohen and Mercer, 1993).  Halogenated 
benzenes, a subset of halogenated alkenes, are discussed separately in Section 8.4.3. 

There are numerous potential sources of the halogenated alkene and alkane detections in the RI data 
set.  Potential sources on the RP property include the historical use and storage of trichloroethene, 
tetrachloroethene, and methylene chloride for herbicide manufacturing and formulation operations in 
the HA, and potential use of chlorinated solvents for degreasing.  Methylene chloride historically was 
used in the formulation of 2,4-DB and MCPA in the HA from 1966 to 1975.  Investigations provide 
evidence of halogenated alkene use and releases on the surrounding properties, including two distinct 
trichloroethene plumes originating on the Siltronic Site and from the generation of chlorinated 
hydrocarbon-containing waste on the Arkema Site (Section 3.2 and Appendix L). 

Halogenated alkenes detected at concentrations greater than RSLs in the RI data set include but are 
not limited to tetrachloroethene, trichloroethene, dichloroethenes, hexachlorobutadiene, and vinyl 
chloride.  Trichloroethene was the alkene detected most frequently in the RI data set.   

Halogenated alkanes consistently detected in samples in the RI data set include methylene chloride, 
chloroform, and chloromethane.  A wider range of alkanes was observed in NAPL samples (Section 
8.2.3).   

8.4.4.1 Physical Properties/Environmental Fate of Halogenated Alkenes and Alkanes 

Halogenated alkenes and alkanes typically have high vapor pressures, and will readily partition to the 
atmosphere from surface water and dry soil.  Typical atmospheric half-lives range from 7 hours for 
trichloroethene to 119 days for methylene chloride (HSDB, 2010j and 2010i).  Halogenated alkenes 
and alkanes in surface water and dry surface soil are primarily degraded by volatilization to the 
atmosphere.  However, these constituents are typically highly mobile in soil and may migrate deeper 
into the subsurface where volatilization will not play a significant role in degradation (HSDB, 2010j and 
2010i).   

Halogenated alkenes and alkanes typically have low to moderate solubilities in water.  Some 
chlorinated solvents, including trichloroethene and tetrachloroethene, are heavier than water.  A 
sufficient volume of these constituents released to water will act as dense nonaqueous phase liquids 
(DNAPL) and will migrate downward under the effect of gravity until they encounter a sufficiently 
impervious surface (EPA, 2010c).   
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Degradation of halogenated alkenes and alkanes in groundwater and subsurface soil will be slower 
than in surface water and shallow soil due to the decreased potential for volatilization to the 
atmosphere Constituents at depth may be more persistent.  Biodegradation can occur; however, 
degradation rates vary within the halogenated alkene and alkane groups and can be complicated by 
compound toxicity to microbes at high concentrations, interference from other compounds, and 
varying degrees of aerobic or anaerobic conditions (ATSDR, 2010a; various toxicological profiles).  

Typical bioconcentration factors (BCF) for VOCs indicate a low tendency of these compounds to 
concentrate in fatty tissues of aquatic organisms (ATSDR, 2010a; various toxicological profiles).  

8.4.4.2 Data 

Soil, groundwater, lake sediment, surface water, pore water, stormwater, NAPL and non-stormwater 
were sampled and analyzed for VOCs.  A total of 448 soil samples, 1,328 groundwater (monitoring 
well) samples, 226 groundwater (boring) samples, 91 lake sediment samples, 29 surface water 
samples, 6 pore water samples, 1 stormwater sample, 34 non-stormwater samples, 7 storm sewer 
cleanout sediment samples, and 13 NAPL samples, including field duplicates, have been analyzed for 
VOCs. 

Data Sets 

VOC analytical results are presented in Appendix C, in tables, and in Appendix F, in distribution 
figures, as indicated below. 

● Soil:  Table C1-2; Figures F-0040 to F-0093 

● NAPL:  Table C4-1; F-0826 to F-0843 

● Groundwater (Monitoring Wells):  Table C3-2; Figures F-0368 to F-0439 

● Groundwater (From Borings):  Table C2-1; Figures F-0742 to F-0759 

● Lake Sediment:  Table C7-1; Figures F-1014 to F-1031 

● Pore Water:  Table C6-1; Figures F-0975 to F-0992 

● Surface Water: Table C5-2; Figures F-0892 to F-0909 

● Stormwater and Non-Stormwater:  Table C8-1; Figures F-1102 to F-1119 

● Storm Sewer Cleanout Sediment: Table C10-2 
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Halogenated alkene and alkane data in the RI data set are generally considered reliable.  The 
methods used for halogenated alkene and alkane analysis on groundwater samples collected from 
the RP property and vicinity were EPA Methods 602, 624, 8020, 8240, and 8260.  Soil samples 
collected from the RP property and vicinity were analyzed by EPA Methods 8020, 8240, and 8260. 

Data Usability 

EPA Methods 602 and 8020 use either a non-selective PID or ECD to detect VOCs.  Analyte 
identification is based solely on a target analyte’s retention time.  All of these methods are prone to 
coelution of target and non-target analytes.  The majority of the data collected from the RP property 
and vicinity and analyzed using 602 and 8020 were not validated, leading to greater uncertainty in 
analyte identification and quantification. 

In the standard EPA Method 624, 8240, and 8260 analysis, the GC/MS is run in full scan mode, 
monitoring a range of mass to charge ratios.  These mass spectra can then be compared to a library 
of mass spectra to determine an analyte’s identity.  Full scan analysis is useful for identifying and 
quantifying a large range of analytes, but is prone to interference from unwanted ions that may 
obscure an analyte’s mass spectra.  

Methylene chloride is a known laboratory contaminant, and low-level detections are commonly 
attributed to laboratory contamination (EPA, 1996c).  At DEQ’s directive, all methylene chloride data is 
included in this evaluation, including those results that were not validated.   

Results were consistent with the CSM and the halogenated alkane and alkene data are considered to 
be usable for purposes of the RI.  

8.4.4.3 Sources in the RP Property Vicinity 

Halogenated alkenes are widely used in a variety of industrial applications, and are common 
contaminants at industrial properties.  Trichloroethene and tetrachloroethene have been detected in 
environmental samples from approximately half of the EPA National Priorities List (NPL) sites 
identified throughout the United States (ATSDR, 1997a and 1997b).  

The halogenated alkenes tetrachloroethene and trichloroethene, and the halogenated alkane 
methylene chloride, historically were purchased for operations in the HA (Section 2.2; Table 2-B).  
Methylene chloride was used in the HA for the formulation of 2,4-DB from 1963 to 1982 and MCPA 
from 1961 to 1975.  1,2-Dichloroethane was used in the formulation of bromophenol in the HA from 
1971 to 1990. 



 

AMEC Earth & Environmental, Inc. 
170 Project No.:  0-61M-107030/Phase 0104/T6 
 K:\10000\10700\10703\0100 RI-FS-ROD\0104 RI Report\Draft RI\RI-SCE Report.Docx 

Historical operations at facilities in the RP property vicinity are potential sources of halogenated 
alkene and alkane releases.  The historical manufacturing of chlor-alkali products at the Arkema Site 
generated chlorinated hydrocarbon wastes that were a potential source of chloroform, among other 
VOCs.  Arkema also is a likely source of trichloroethene contamination based on trichloroethene 
detections on Arkema Lot 2 and Tract A (Section 3.2 and Appendix L).  

Subsurface releases related to Siltronic’s use of trichloroethene in the early 1980s were discovered in 
2002.  Trichloroethene was stored at Siltronic in a UST system from 1980 until 1983.  The USTs were 
cleaned and decommissioned in place in 1985.  Following closure of the USTs, trichloroethene was 
stored at the site in an above-ground system until the use of trichloroethene was discontinued in 1989 
(MFA, 2007).   

Siltronic has identified two separate plumes of trichloroethene and its degradation products: one 
begins upland near the former UST system and extends to the River.  It exhibits degradation in the 
downgradient direction.  The other is near the River and the Gasco property boundary and appears to 
be related to a private stormwater outfall.  These Siltronic trichloroethene and degradation product 
plumes are commingled, and the commingled plume extends approximately 1,000 feet to the north of 
the former UST area and deepens with distance from the source area towards the River (MFA, 2007). 

It is likely that frequent, smaller, undocumented releases of halogenated alkenes have occurred 
throughout the industrial history of the RP property vicinity, given varied industrial applications and 
widespread use of these products (Section 3.2 and Appendix L). 

8.4.4.4 Nature and Extent of Halogenated Alkenes and Alkanes in Environmental 
Media in the RP Property Vicinity 

Halogenated alkenes and alkanes were released to the environment as a result of former operations 
in the HA (releases to soil and groundwater), waste handling practices affecting the multi-source 
former Doane Lake area and LADD area (releases to soil and former Doane Lake), former operations 
at the Arkema Site (releases to soil, groundwater, and the River), and former operations at the 
Siltronic Site (releases to soil, groundwater, and potentially to the River).  Halogenated alkenes and 
alkanes were detected in all environmental media at the RP property and vicinity.        

The greatest halogenated alkene and alkane detections in soil samples were in the northern part of 
the HA and in the LADD area.  Halogenated alkenes and alkanes were detected at much lower 
concentrations in soil at the IA and in the RP property vicinity.  Halogenated alkene and alkane 
concentrations in groundwater are generally greatest near areas where NAPL is present in the 
northern part of the HA and in the LADD area, with concentrations decreasing with distance from 
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these areas and with depth.  Halogenated alkenes and alkanes were detected continuously between 
the RP source areas and the River.  Concentrations of halogenated alkenes and alkanes decrease 
downgradient of the RP property.  Concentrations of halogenated alkenes and alkanes in groundwater 
discharging to the River in the RP property vicinity are less than 10 times the SCE SLVs, with the 
exception of vinyl chloride which has a very low SLV of 1.6E-05 mg/L.   

Halogenated alkene and alkane concentrations in NDL surface water were low relative to 
concentrations detected in RP source areas, indicating a lack of current connection between RP 
source areas and NDL.     

Soil 

NAPL samples were collected between 1999 and 2007 in wells in the HA, LADD area, and near NDP.  
Halogenated alkene and alkane detections in NAPL were limited to samples from the HA; they were 
not detected in NAPL from the LADD area or near NDP.  Methylene chloride, trichloroethene, 
tetrachloroethene, cis-1,3-dichloropropene, and bromoform were detected in NAPL samples collected 
in the northern portion of the HA.  

Source Area Soil 

NAPL monitoring and removal began in 2003.  NAPL was removed from MW-05-34, MW-08-27, and 
MW-08-46 in the northern portion of the HA, and from RP-04-41 near the southern end of former 
WDL.  NAPL was removed during annual monitoring when present in a measurable thickness in a 
monitoring well (Section 8.2).  Trichloroethene detections prior to NAPL removal activities ranged from 
111 mg/kg (P-07 in 1999) to 25,400 mg/kg (MW-08-27 in 2000).  Trichloroethene was detected at 
6,840 mg/kg in MW-08-27 in 2003.   

The detection of methylene chloride, trichloroethene, and tetrachloroethene in the HA is consistent in 
NAPL, soil, and groundwater.  Methylene chloride, trichloroethene, and tetrachloroethene were also 
detected in groundwater samples from properties between the RP property and the River.  
Concentrations of halogenated alkenes and alkanes in groundwater discharging to the River in the RP 
property vicinity are at or below 10 times SCE SLVs, with the exception of vinyl chloride which has a 
very low SLV of 1.6E-05 mg/L.   

The halogenated alkene detections at the RP property are generally low-level and do not represent an 
area of significant or continuous release.  Trichloroethene (detected in approximately 7% of soil 
samples) was the only halogenated alkene in the RI soil data set detected at a greater than 5% 
frequency.  The majority of the trichloroethene detections, as well as the greatest concentrations, 
were localized in areas near observations of NAPL in the HA.  Halogenated alkene detections were 
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sporadic and low-level in soil at off-property locations, and no halogenated alkenes in off-property soil 
samples were detected above RSLs.   

Methylene chloride was the only halogenated alkane in the RI soil data set detected at a greater than 
5% frequency (detected in approximately 19% of the soil samples).  Halogenated alkanes were not 
detected in the majority of soil samples analyzed, and detected concentrations were less than the 
respective RSLs with the exception of four samples in the HA.  Halogenated alkane detections in soil 
were isolated, infrequent, and low-level; therefore, aside from methylene chloride and the two RSL 
exceedances for other halogenated alkanes in the HA, their distribution in soil is not discussed. 

HA: The methylene chloride and trichloroethene detections in soil samples from the HA are likely 
associated with historical releases near former use and storage areas.  Halogenated alkene 
detections in the HA generally were low level.   

Isolated detections of trichloroethene and tetrachloroethene above RSLs occurred at the northern end 
of the HA where NAPL has been observed: 

● Trichloroethene was detected at concentrations greater than the RSL of 14 mg/kg in 
samples HA-04, HA-08, and HE-15.    

● Tetrachloroethene was detected at 8.6 mg/kg at the ground surface in HE-15 located in the 
northern portion of the HA, above the RSL of 2.6 mg/kg.  Tetrachloroethene was only 
detected in 2.2% of the soil samples. 

Very few halogenated alkanes were detected in soil samples from the HA.  Methylene chloride was 
detected above the RSL of 53 mg/kg in sample HA-01, located in the far northern corner of the HA 
near former use and storage areas.  Bromodichloromethane was detected at 2 mg/kg, above the RSL 
of 1.4 mg/kg, in HA-08 located near areas of residual NAPL and the former 2,4-D building in the 
northern portion of the HA.  Dibromochloromethane also was detected in HA-08 at 5.3 mg/kg, above 
the RSL of 3.3 mg/kg.  No other halogenated alkanes were detected above RSLs in soil samples in 
the RI data set. 

LADD Area:  Halogenated alkenes and alkanes were not detected above RSLs in LADD area soil.  
There is no evidence of significant widespread halogenated alkene or alkane releases to soil in the 
LADD area. 

IA: Halogenated alkenes and alkanes were not detected above RSLs in IA soil.  There is no evidence 
of significant widespread halogenated alkene or alkane releases to soil in the IA. 

Non Source Area Soil 
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Former Doane Lake and Other Properties: Halogenated alkenes in the multi-source former Doane 
Lake area were detected primarily in fill material within 10 feet of the ground surface near the HA and 
the NL/Gould property boundaries.  The only alkene detected above the RSL (2.6 mg/kg) in soil was 
tetrachloroethene at 3 mg/kg in TR8-D in a sample collected in 1994.  This sample was collected at 
10 feet bgs in fill material approximately 150 feet north of the northern corner of the HA. 

Halogenated alkenes and alkanes were not detected above RSLs in soil at off-property locations.  The 
discontinuity of halogenated alkene and alkane detections on vicinity properties indicates the RP 
property is not a source of these constituents in off-property soil. 

Groundwater data from monitoring wells are discussed in this section because they are the most 
representative of groundwater conditions.  Groundwater sample results from borings followed similar 
trends to those observed from the monitoring well results and are not discussed further. 

Groundwater 

Halogenated alkene and alkane detections in groundwater at the RP property historically have been 
greatest near areas where NAPL is present.  Concentrations typically decrease with downgradient 
distance from the HA toward the River.  Halogenated alkene and alkane detections in the Artificial Fill 
were primarily limited to the RP property, with the exception of very isolated and low concentrations 
on properties in the vicinity.  Concentrations of halogenated alkenes and alkanes in groundwater 
discharging to the River in the RP property vicinity are at or below 10 times the SCE SLVs, with the 
exception of vinyl chloride which has a very low SLV of 1.6E-05 mg/L. 

HA:  The halogenated alkenes tetrachloroethene, trichloroethene, vinyl chloride, and 1,1-
dichloropropene were detected above the RSLs in most groundwater samples in the northern portion 
of the HA where NAPL is present.  The RSL exceedances are limited to samples from the Artificial Fill 
and the Fine-Grained Alluvium, with the exception of tetrachloroethene, trichloroethene, and vinyl 
chloride detected in CRBG samples from MW-05-70, located in the far northeastern corner of the HA, 
where the bedrock surface is within approximately 60 feet of the ground surface.  Alkenes detected in 
groundwater are similar to those detected in NAPL, indicating that NAPL is acting as a source of 
alkenes to local groundwater in the HA. 

Source Area Groundwater 

Trichloroethene was detected above the RSL of 0.002 mg/L in HA wells near areas where NAPL is 
present.  The maximum historical trichloroethene detection in the HA was 5.2 mg/L in a sample 
collected in 1996 from the Fine-Grained Alluvium in groundwater extraction well E.  Extraction well E 
was not sampled after NAPL recovery activities began in 2003.  However, data from the nearby MW-
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05-52 demonstrates a decline in trichloroethene concentrations in HA groundwater over time; 
trichloroethene was detected at 0.51 mg/L in MW-05-52 in 1991, and had decreased to 0.035 mg/L in 
2007.       

Vinyl chloride and tetrachloroethene also were detected above RSLs in multiple samples collected 
from the Fine-Grained Alluvium.  The RSLs for vinyl chloride (2.0E-05 mg/L) and tetrachloroethene 
(1.0E-04 mg/L) are near the standard laboratory limits of detection for these constituents; therefore, 
any detection is likely to result in an RSL exceedance.  Tetrachloroethene and vinyl chloride 
concentrations have decreased over time, similar to trichloroethene.  Tetrachloroethene was not 
detected in the Artificial Fill, and was detected only once in the CRBG, at 4.0E-04 mg/L in MW-05-70 
in March 2000.  Tetrachloroethene was not detected in MW-05-70 in six additional sampling events 
between September 2000 and September 2007.  Vinyl chloride was detected only once in the Artificial 
Fill, at 0.014 mg/L in P-103 in 1995, and only once in the CRBG, at 8.1E-04 mg/L in MW-05-70 in 
2000.  As with tetrachloroethene, vinyl chloride was not detected in MW-05-70 in six subsequent 
sampling events between September 2000 and September 2007.   

Alkanes were detected less frequently and typically at far lower concentrations than alkenes.  
Methylene chloride and chloroform were two halogenated alkanes detected frequently and at the 
greatest concentrations in groundwater from the HA.  Most methylene chloride detections in the HA 
exceeded the RSL of 0.005 mg/L.  The maximum historical methylene chloride detection in 
groundwater was 779 mg/L in a 1989 sample from the Fine-Grained Alluvium in MW-03-49 located 
near the NAPL area at the HA.  Methylene chloride concentrations in MW-03-49 have decreased 
steadily over the four monitoring events since February 1989, to a concentration of 77 mg/L in the 
most recent sample collected from that well in September 2000.  The maximum methylene chloride 
detection in HA groundwater during the two most recent sampling events in September 2007 and 
April/May 2009 was 0.230 mg/L in the Fine-Grained Alluvium in MW-05-34.  Methylene chloride has 
not been detected in CRBG samples from the HA. 

Chloroform was detected at a maximum concentration of 0.9 mg/L, above the RSL of 2.0E-04 mg/L, in 
the Fine-Grained Alluvium in MW-02-26 located near the western rail spur in the HA.  Chloroform 
concentrations have remained stable over time.  The spatial distribution of alkanes in the HA is similar 
to that of alkenes, with the greatest concentrations detected in the Fine-Grained Alluvium in the 
northern part of the property.  In the Artificial Fill, chloroform was detected at 0.012 mg/L in P-103 in 
1995, above the RSL, and dibromochloromethane was detected at 0.085 mg/L in P-103 in 1995, 
above the RSL of 2.0E-04 mg/L.  No halogenated alkanes were detected in the CRBG in the HA. 
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LADD Area:  Halogenated alkenes and alkanes have not been consistently detected above RSLs in 
LADD area monitoring wells.  Hexachlorobutadiene, methylene chloride, and tetrachloroethene were 
each historically detected above the RSLs in one LADD area well.  Trichloroethene, vinyl chloride, 
and 1,2-dichlroroethane were each historically detected above the RSLs in two LADD area wells.  
Chloroform was historically detected above the RSL in three LADD area wells.  The maximum 
detection of a halogenated alkene or alkane in the LADD area was methylene chloride at 0.61 mg/L in 
the CRBG in RP-15-65.  The RSLs for these constituents are low (ranging from 1.6E-05 mg/L for vinyl 
chloride to 0.0048 mg/L for methylene chloride); therefore, any detection is likely to result in an 
exceedance.   

IA: The only halogenated alkene detected in the IA was tetrachloroethene at 0.0042 mg/L in a single 
1982 sample from the Fine-Grained Alluvium in RPW-02(38), located near the northern end of the 
western rail spur within the IA.  Tetrachloroethene was not detected in five subsequent sampling 
events at this well. 

Non Source Area Groundwater 

The only halogenated alkanes detected in groundwater from the IA were 1,1,2-trichloroethane and 
1,2-dichloroethane.  1,1,2-Trichloroethane was detected in one sample in the IA, at a concentration of 
0.0024 mg/L in the Fine-Grained Alluvium in 1993 in MW-10-24.  1,2-Dichloroethane was detected in 
three 1993 samples from the Fine-Grained Alluvium in MW-10-44, at concentrations of 0.0017 mg/L, 
0.0018 mg/L, and 0.002 mg/L.  MW-10 is located near the northern boundary of the IA, east of the 
container warehouse.    

Former Doane Lake and Other Properties: The greatest halogenated alkene detections in the multi-
source former Doane Lake area were localized in monitoring wells near the HA and NL/Gould 
property boundaries.  Groundwater detections are likely associated with historical pesticide 
manufacturing operations in the HA.  Trichloroethene, tetrachloroethene, and vinyl chloride historically 
have been detected at concentrations above the RSLs.   

The greatest detection of trichloroethene in the multi-source former Doane Lake area was 3.2 mg/L 
(2000) in the Alluvial-Colluvial Gravel in BST2W-61.  Trichloroethene concentrations in this well 
steadily decreased to 0.69 mg/L by 2006.  A decreasing trichloroethene trend also occurred in 
Alluvial-Colluvial Gravel well AL5-62 to the northwest of BST2W-61, with a detection of 0.05 mg/L in 
2000 and 0.004 mg/L in 2006.  The maximum historical trichloroethene concentration in the multi-
source former Doane Lake area Fine-Grained Alluvium was 0.99 mg/L in a sample collected in 2000 
from AL2-46, located near the HA and NL/Gould Site.  Trichloroethene concentrations in AL2-46 have 
remained fairly stable, with concentrations ranging from 0.26 mg/L in 1995, increasing to the 
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maximum detection of 0.99 mg/L in 2000, then fluctuating to 0.84 mg/L in 2006.  Trichloroethene 
concentrations in the Fine-Grained Alluvium in downgradient multi-source former Doane Lake area 
well W-09-116 have are below those in AL2-46, and have decreased over time, from 0.023 mg/L in 
2000 to 0.009 mg/L in 2009. 

Vinyl chloride was detected at a maximum concentration of 0.06 mg/L in the Fine-Grained Alluvium in 
a 2005 sample collected from AL2-46.  Detections of vinyl chloride in the Alluvial-Colluvial Gravel and 
the CRBG were spatially and temporally sporadic, and ranged from 3.0E-04 mg/L to 0.06 mg/L in the 
Alluvial-Colluvial Gravel and 9.0E-04 mg/L to 0.039 mg/L in the CRBG.  Vinyl chloride was not 
detected in this area in the Artificial Fill. 

Tetrachloroethene has been detected only twice in the multi-source former Doane Lake area, at 0.008 
mg/L (1995) and 0.005 mg/L (2006) in BST2W-61 in the Alluvial-Colluvial Gravel. 

Halogenated alkanes detected above RSLs in the former Doane Lake area and LADD area may 
originate at the HA.  However, alkanes, with the exception of methylene chloride, were detected at 
much lower concentrations in the former Doane Lake area, and the detections do not represent a 
continuous area of significant release.  Methylene chloride is the exception because it was used in the 
herbicide manufacturing process and occurs over an area similar to the halogenated alkenes 
described above. 

The greatest historical concentration of methylene chloride was 6.3 mg/L in a 1995 sample collected 
from the Alluvial-Colluvial Gravel in BST2W-61, located near the HA and NL/Gould Site.  Methylene 
chloride decreased to 0.045 mg/L at the same location in 2006.  Methylene chloride was not detected 
in the Artificial Fill in the former Doane Lake or LADD areas, but it was detected in several wells in the 
Fine-Grained Alluvium, ranging from 0.003 mg/L (GM-1-S) to 1.2 mg/L (W-07-I(54)).  The most recent 
detections in the Fine-Grained Alluvium were in 2009 and ranged from 0.026 mg/L (RP-15-53) to 
0.029 mg/L (W-09-86).  Methylene chloride concentrations consistently decreased at AL2-46 in the 
Fine-Grained Alluvium, from 0.13 mg/L in 1995 to 0.025 mg/L in 2006.  This decreasing trend was not 
observed in analytical results from AL2-32 (located in the same well cluster as AL2-46) between 1995 
and 2006, where the concentrations varied over time.  Methylene chloride was detected several times 
in the CRBG, ranging from 2.0E-4 mg/L in RP-20-110 (2006) to 0.61 mg/L in RP-15-65 (2009).  This 
indicates that methylene chloride is not being transported toward the River in the CRBG.  

The halogenated alkanes chloroform, 1,2-dichloroethane, and methylene chloride were detected at 
concentrations greater than RSLs in the Artificial Fill.  The halogenated alkanes chloroform, 
iodomethane, and 1,2-dichloroethane were detected above RSLs in the Fine-Grained Alluvium in the 
former Doane Lake area.  Chloroform, bromomethane, and iodomethane were detected above RSLs 
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in the Alluvial-Colluvial Gravel.  The only alkane detected above the RSL in the CRBG was 1,2-
dichloroethane.   

At the NL/Gould Site, trichloroethene and vinyl chloride were the only halogenated alkenes detected 
above RSLs.  Although these compounds exceeded RSLs, they were detected at significantly lower 
concentrations than those detected in the upgradient HA.  The maximum trichloroethene detection 
was 0.049 mg/L (1992) in the Fine-Grained Alluvium at W-01-I(50), located in the southwestern 
portion of NL/Gould Site.  The maximum vinyl chloride detection was 0.0187 mg/L (1999) in the Fine-
Grained Alluvium at AL1-45, located in the western portion of the NL/Gould Site.  Trichloroethene and 
vinyl chloride were not detected in any stratigraphic unit in W-03, located in the far northeastern 
corner of the NL/Gould Site at N.W. Front Avenue.  No halogenated alkanes were detected above 
RSLs in groundwater samples collected from the NL/Gould Site. 

At the Metro Site, halogenated alkanes and alkenes were detected at greater depths in groundwater.  
Methylene chloride, hexachlorobutadiene, tetrachloroethene, and vinyl chloride were detected above 
RSLs.  However, both halogenated alkenes and alkanes were typically detected in groundwater at 
concentrations up to three orders of magnitude less than on the RP property.  For example, the 
maximum trichloroethene and methylene chloride concentrations detected at the RP property in 
samples collected since March 2000 were 4.67 mg/L and 0.779 mg/L, respectively.  Both samples 
were collected from monitoring wells completed in the Fine-Grained Alluvium in the HA.  The 
maximum trichloroethene detection at the Metro Site in samples collected since March 2000 was 
0.001 mg/L at W-16-D(62) in the Fine-Grained Alluvium.  The maximum methylene chloride detection 
at the Metro Site in samples collected since March 2000 was 0.006 mg/L at ASW-06(17) in the Fine-
Grained Alluvium.  

At the ESCO Site, halogenated alkanes and alkenes also were detected at greater depths in 
groundwater.  Trichloroethene, vinyl chloride, 1,2-dichlorothane, bromomethane, chloroform, and 
iodomethane were detected above RSL.  However, both halogenated alkenes and alkanes were 
typically up to three orders of magnitude less than on the RP property.  For example, the maximum 
trichloroethene and methylene chloride concentrations detected at the RP property in samples 
collected since March 2000 were 4.67 mg/L and 0.779 mg/L, respectively.  Both samples were 
collected from the Fine-Grained Alluvium in the HA.  The maximum trichloroethene detection at the 
ESCO Site in samples collected since March 2000 was 0.005 mg/L in the CRBG.  The maximum 
methylene chloride detection at the ESCO Site in samples collected since March 2000 was 0.028 
mg/L in the Fine-Grained Alluvium.  
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Trichloroethene and vinyl chloride were the only halogenated alkenes detected above RSLs at the 
ESCO Site.  The maximum trichloroethene concentration (0.031 mg/L in 1990) and vinyl chloride 
concentration (0.039 mg/L in 2000) at ESCO occurred at W-11-D(91) in the Fine-Grained Alluvium, 
located at the northern boundary of the property at N.W. Front Avenue.  Trichloroethene and vinyl 
chloride were either not detected or were detected at lower concentrations in cross gradient and 
upgradient monitoring wells completed in the Fine-Grained Alluvium at the ESCO Site (W-12-I(58)) 
and the multi-source former Doane Lake area (multiple locations).  Trichloroethene and vinyl chloride 
also were detected in the Artificial Fill in W-12-S(20).  These COIs were not detected in the Artificial 
Fill in the upgradient former Doane Lake area or at the NL/Gould Site.  The detection of lower 
trichloroethene and vinyl chloride concentrations between the RP property and downgradient well W-
11D(91) indicate that a non-RP source of trichloroethene and vinyl chloride may be present near the 
northern edge of the ESCO Site.  The halogenated alkanes 1,2-dichloroethane, bromomethane, 
chloroform, and iodomethane were detected above RSLs in ESCO groundwater samples, but the 
detections were sporadic and low level, and do not indicate a continuous area of significant release.  

Near the Guild’s Lake pump station, methylene chloride, chloroform, trichloroethene, and vinyl 
chloride were detected above RSLs.  Methylene chloride was continuously present between RP 
source areas and the pump station area; however, concentrations decreased significantly with 
distance from the HA.  Methylene chloride concentrations in wells near the pump station ranged from 
0.026 mg/L in the Fine-Grained Alluvium in PM-02-091 to 0.044 mg/L in the CRBG in PM-03-107 in 
2008.  Methylene chloride was not detected in samples collected near the pump station in 2009.  
Chloroform was detected downgradient of the pump station at concentrations greater than RSLs in 
the Fine-Grained Alluvium at W-10-D(71), PM-04-56, and RP-12-11, and in the CRBG at RP-01-56.  
Chloroform was not detected above the RSL in the Fine-Grained Alluvium at RP-01-51 in the most 
recent sampling event at that well in March 2006.  Low levels of chloroform in this area may be 
associated with leaking drinking-water distribution and sewer pipes (Zogorski et al., 2006).  Vinyl 
chloride and trichloroethene were detected above the RSLs consistently in wells located near and 
downgradient of the pump station, with the greatest concentrations detected at PM-03-107 and RP-
01-65.  The maximum vinyl chloride detection was 0.021 mg/L in the CRBG in RP-01-65 in March 
2006.  The maximum trichloroethene detection was 0.0174 mg/L in the CRBG in RP-01-65 in June 
2001.  Trichloroethene and vinyl chloride concentrations in wells located near and downgradient of the 
pump station have fluctuated over time.  Concentrations of methylene chloride, trichloroethene, and 
vinyl chloride are higher in wells at and downgradient of the pump station than at those wells on 
upgradient properties, suggesting a possible source located near the pump station.  Other 
halogenated alkenes and alkanes were not detected consistently or at significant concentrations in 
groundwater samples on City property. 
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At the Arkema Site, the halogenated alkenes tetrachloroethene, trichloroethene, and vinyl chloride 
were detected above RSLs.  The distribution of halogenated alkenes at Arkema demonstrates the 
likelihood of a localized source.  K073 waste is defined as chlorinated hydrocarbon waste from the 
purification step of the diaphragm cell process using graphite anodes in chlorine production.  Arkema 
is known to have used this process (see Section 3.2 for details).  The chemical constituents of K073 
waste are chloroform, carbon tetrachloride, hexachloroethane, pentachloroethane, 1,1,1-
trichloroethane, tetrachloroethene, dichloroethene, 1,1,2,2-tetrachloroethane, chlorinated propane 
derivatives, trichloroethene, and dissolved chlorine (EPA, 1990b).  Tetrachloroethene, trichloroethene 
and vinyl chloride were detected at monitoring wells on Arkema Lot 2 (RP-02, RP-09) and Tract A 
(RP-14) at concentrations that are not consistent with the distribution of these COIs in groundwater 
from an RP source area.  Tetrachloroethene was detected at RP-02-49, RP-02-66, RP-09-64, RP-14-
11, and RP-14-39 at concentrations exceeding the SLV, but was not detected at other monitoring 
wells completed on Arkema Lots 1 and 2, or on Tract A.  This distribution suggests a local source 
likely related to historical disposal practices.  The detections of trichloroethene and vinyl chloride at 
the RP-02, RP-09, and RP-14 well clusters also are expected to be related to a local source, based 
on historical operations and disposal practices at the Arkema Site. 

Chloroform and methylene chloride were the only alkanes detected above RSLs in groundwater at 
Arkema Site.  Chloral, used in the production of DDT, forms chloroform by reacting with sodium 
hydroxide.  The maximum chloroform detection was 0.12 mg/L in a 2007 sample from the Fine-
Grained Alluvium in RP-14-11, located at the riverbank on Tract A near Lot 3.  Chloroform has not 
been detected in groundwater samples from the NL/Gould, ESCO, or Front Avenue monitoring wells 
located between the RP property and the riverbank at the Arkema Site, with the exception of a J-
qualified result of 2.3E-04 mg/L in RP-19-90 on the ESCO Site.  The non-detected chloroform results 
in samples collected between the RP property and the Arkema Site demonstrates that chloroform in 
groundwater at the RP property is not migrating to downgradient sites, and indicates the likelihood of 
a chloroform source at the Arkema Site.  

At the Siltronic Site, halogenated alkene detections in groundwater are associated with two 
trichloroethene releases from the Siltronic manufacturing facility at the northern end of property near 
the riverbank.  The Siltronic RI Report identifies two distinct plumes of trichloroethene and its 
degradation products (MFA, 2007).  One plume extends from a former UST system to the River.  This 
plume exhibits evidence of degradation as it progresses downgradient toward the River.  The other 
trichloroethene plume is located closer to the River near the Gasco property boundary, and appears 
to be related to a private stormwater outfall (MFA, 2007).  Vinyl chloride (2.2 mg/L) and 
trichloroethene (0.35 mg/L) were detected in WS-11-125 at the northern end of the Siltronic Site near 
the River at concentrations greater than in wells location in upgradient positions, consistent with the 
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documented release of trichloroethene from Siltronic operations.  The distribution of vinyl chloride and 
trichloroethene in groundwater associated with the Siltronic trichloroethene release is distinct from the 
distribution of vinyl chloride and trichloroethene in groundwater associated with RP source areas, as 
demonstrated by low and non-detected values at monitoring wells on Siltronic Site, between the 
Siltronic manufacturing area and the BNSF embankment, that vertically and laterally distinguish the 
source areas (Appendix F, Figures F-432 through F-435 for trichloroethene and F-436 through F-439 
for vinyl chloride).  The maximum vinyl chloride concentration in groundwater outside of the Siltronic 
trichloroethene release area was 0.0163 mg/L at RP-07-84 located at the River near the BNSF 
embankment more than 1,000 feet upstream of the Siltronic trichloroethene release area.  The 
maximum trichloroethene concentration was 0.021 mg/L at RP-23-125, located centrally on the 
eastern half of the Siltronic Site.   

Overall, the greatest halogenated alkene and alkane concentrations at the RP property typically were 
detected in the Artificial Fill and the Fine-Grained Alluvium.  Halogenated alkenes and alkanes were 
detected in groundwater samples from properties downgradient of the RP property to the River, but at 
lower concentrations than on the RP property, and at greater depths than on RP property.  The 
exception to this is trichloroethene and associated breakdown products in the Siltronic trichloroethene 
release areas on the northern portion of their property near the River.  This area of release is 
distinguished from RP source areas by low to non-detected concentrations of trichloroethene and 
associated breakdown products in monitoring wells that laterally and vertically distinguish these two 
sources.  The concentrations of halogenated alkenes and alkanes in groundwater from RP source 
areas at the riverbank do not exceed the SCE SLVs by more than a factor of 10, with the exception of 
vinyl chloride which has a very low SLV.  There also is likely a localized source area for 
tetrachloroethene, trichloroethene, and vinyl chloride near Arkema Lot 2 and Tract A, where 
tetrachloroethene concentrations at RP-02, RP-09, and RP-14 are not consistent with groundwater 
transport from an RP source area, and where historical disposal practices by Arkema likely contribute 
to the distribution of these halogenated alkenes at the River. 

The lake sediment and surface water data include samples from former WDL, NDL, and NDP.  
Halogenated alkenes were detected in sediment from former WDL, NDL, and NDP.  No halogenated 
alkenes were detected in surface water.  Halogenated alkanes were detected in sediment and surface 
water from NDL and NDP, and in sediment from former WDL.  Multiple sources have likely contributed 
these constituents to NDL; the primary source of alkenes and alkanes to former WDL was RP facility 
operations.  

Lake Sediment and Surface Water 
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WDL is discussed separately from NDL because of the lack of current significant hydrologic 
connection between the two water bodies (Section 6.2.4.2).  Although there was likely an historical 
connection, water elevation in NDL has risen since completion of the northern railroad embankment 
and the existence of a long-standing beaver dam at the lake outlet (Sections 6.2.4.3 and 7.2.3.1).  
Former WDL and NDL also have distinct fill histories and potential constituent sources. 

Halogenated alkenes and alkanes in former WDL have been addressed, along with other 
constituents, by the WDL IRAM as discussed in Section 5.  The maximum halogenated alkene 
detected in WDL sediment was trichloroethene at a concentration of 0.57 mg/kg in W006 (6-7 feet 
bswi) near the southern end of former WDL.  Alkenes were not detected in WDL surface water.  The 
maximum alkane concentration detected in WDL sediment was iodomethane at 1.5 mg/kg in W011 
(3-4 feet bswi) located in the central portion of WDL.  Alkanes were not detected in surface water 
samples.  Halogenated alkenes in sediments were relatively higher in the southern end of former 
WDL.  This is consistent with historical waste handling practices and correlates with VOC distribution 
in soil and groundwater. 

Former WDL 

The only halogenated alkene detected in NDL sediment was trichloroethene.  Trichloroethene was 
detected in one sample (NDL-102-S, 0-1 feet bswi) at a concentration of 0.0329 mg/kg.  This 
concentration is below the RSL of 14 mg/kg and the SLV of 0.140 mg/kg.  No halogenated alkenes 
were detected in NDL surface water samples, indicating that NDL sediments effectively trap 
constituents and prevent their release to surface water. 

NDL 

Two halogenated alkanes were detected in NDL sediment:  chloromethane and methylene chloride.  
The maximum chloromethane concentration detected in sediment (0.0306 mg/kg at NDL-101-S, 1-5 
feet bswi) was less than the RSL of 500 mg/kg and the SLV of 0.08 mg/kg.  The maximum methylene 
chloride concentration (0.0201 mg/kg at NDL-102-S, 0-1 feet bswi) was less than the RSL of 53 mg/kg 
and the SLV of 0.93 mg/kg.  Chloromethane was detected in four surface water samples from NDL, at 
a maximum concentration of 5.7E-04 mg/L at NDL-107-W located near the center of NDL.  The 
maximum chloromethane concentration did not exceed the RSL and SLV of 0.190 mg/L.  The lack of 
halogenated alkene detections and the low halogenated alkane detections in surface water, relative to 
higher concentrations in RP source areas, indicates a lack of ongoing connection between RP source 
areas and NDL.   

Historical documentation and aerial photographs suggest that there was some hydraulic connection 
between the former Doane Lake and early configurations of NDL through the railroad embankment in 
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and prior to the 1960s.  This connection also is suggested by detection of some RP-related 
constituents in NDL sediment along the south arm of the lake during a 2003 sampling event.   

Since 1995, a beaver dam was constructed which allowed the surface water elevation in NDL to rise, 
suggesting a change in hydrology that would limit flow of groundwater from the NPA to NDL.  A 
beaver dam is still present near the discharge culvert from NDL to NDP.  The degree to which 
seepage occurs through lake bottom sediments is expected to be low, as vertical conductivity of lake 
sediments has allowed NDL to form as a water body. 

No halogenated alkenes were detected in sediment, surface water, or seep samples from NDP. 

NDP 

The alkanes bromomethane and iodomethane were detected in sediment samples from NDP at 
maximum concentrations of 0.035 mg/kg and 0.726 mg/kg, respectively.  These alkanes exceeded 
the SLV for both of 0.004 mg/kg.  Bromomethane did not exceed the SLV by more than a factor of 10.  
The maximum iodomethane concentration exceeded the SLV by a factor of 182.  Neither exceeded 
the RSL of 32 mg/kg.  The only alkane detected in NDP surface water was chloromethane at a 
concentration of 2.7E-04 mg/L, less than the RSL and SLV of 0.190 mg/L. 

Bromomethane and iodomethane were not detected in NDL sediment or surface water.  NDP receives 
flow from Doane Creek and there are other potential sources of VOCs upstream from NDP and 
Doane Creek.   

Four pore water samples from NDL and two from NDP were analyzed for VOCs.  No halogenated 
alkenes were detected in the pore water samples.  The only halogenated alkane detected in NDL pore 
water was chloromethane (2.0E-04 mg/L at NDL-102-PW and 2.7E-04 mg/L at NDL-106-PW), 
consistent with sediment data.  Chloromethane was detected in one sample from NDP (3.0E-04 mg/L 
at NDP-101-PW).  Chloromethane was detected in surface water samples from NDP, but not in 
sediment samples.  The chloromethane concentrations in pore water did not exceed the RSL and SLV 
of 0.190 mg/L.   

Pore Water 

Non-stormwater from City Outfall 22B (from manholes and the outfall) and stormwater and non-
stormwater from City Outfall 22C were sampled for the RP RI.  Sediment cleaned out of the City 
Outfall 22B storm sewer system was also sampled.  Non-stormwater and stormwater from City Outfall 

Stormwater/Non-Stormwater and Storm Sewer Sediment Samples 
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22C are screened against SLVs (human health and ecological) as part of the SCE in Sections 16.7 
and 16.8. 

The City Outfall 22B IRAM effectively eliminates infiltration of groundwater into the City Outfall 22B 
storm sewer system and, therefore, eliminates potential discharge of RP-related constituents to the 
outfall.  Halogenated alkenes and alkanes detected in non-stormwater prior to IRAM implementation 
were likely from infiltration of groundwater as well as non-RP-related overland sources.  Halogenated 
alkenes and alkanes detected in storm sewer cleanout sediment suggest non-RP-related overland 
sources and limited transport and deposition with infiltrating groundwater.  

City Outfall 22B 

Halogenated alkenes and alkanes were detected very infrequently and at concentrations less than 
0.001 mg/L in non-stormwater samples collected from the City Outfall 22B storm sewer system.  The 
detections of halogenated alkenes and alkanes in the storm sewer system were generally consistent 
with surrounding groundwater detections and likely represented infiltrating groundwater.  
Tetrachloroethene was only detected in samples collected from MH-3, MH-4, and the outfall in the 
September 2004 sampling event, at a maximum concentration of 6.4E-04 mg/L.  Trichloroethene was 
only detected in the September 2004 sample collected at the outfall at 3.4E-04 mg/L.  Methylene 
chloride was only detected in the August 2002 sample collected from the outfall at 5.32E-04 mg/L.  

1,1-Dichloroethene was only detected in one sample collected from MH-10, in September 2006 at an 
estimated concentration of 2.5E-04 mg/L.  Chloromethane was only detected in the 2006 sample 
event at the outfall, at 4.3E-04 mg/L.  No other halogenated alkenes or alkanes were detected in non-
stormwater samples. 

All three detections of tetrachloroethene exceeded the EPA tap water RSL of 1.1E-04 mg/L.  None of 
the other detected halogenated alkenes or alkanes exceeded their respective EPA tap water RSLs.   

No halogenated alkenes or alkanes were detected in the February 2008 ANF217 and ANF220 
samples collected from a water seep and infiltration flowing into two catch basins along N.W. Front 
Avenue associated with the City Outfall 22B storm sewer system. 

No halogenated alkenes or alkanes were detected in either of the two City Outfall 22B storm sewer 
cleanout sediment samples collected in 2006.  Hexachlorobutadiene was the only chlorinated alkene 
or alkane detected in the storm sewer cleanout sediment samples collected in 2009.  
Hexachlorobutadiene was only detected in sample IDW-338 collected from the Metro storm sewer line 
on the Schnitzer property. 
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Halogenated alkenes and alkanes detected at Outfall 22C are very limited.  Chloromethane was the 
only halogenated alkene or alkane detected in samples collected from Outfall 22C.  Chloromethane 
was only detected in the November 2003 non-stormwater sample and in the December 2003 
stormwater sample, both at 2.4E-04 mg/L.  This concentration is less than half the maximum detection 
in historical NDL surface water samples. 

City Outfall 22C 

The infrequent and low-level detections of halogenated alkenes and alkanes in City storm sewer 
systems reflect their volatility and demonstrate that stormwater is not a significant mode of migration 
for these constituents in the RP property vicinity. 

8.4.4.5 Fate and Transport of Halogenated Alkenes and Alkanes in Environmental 
Media in the RP Property Vicinity 

Historical sources of halogenated alkenes and alkanes at the RP property include the use of 
tetrachloroethene, trichloroethene, and methylene chloride for operations in the HA (Section 2.2, 
Table 2-B).  Methylene chloride also was used in the HA for the formulation of 2,4-DB.  Historical 
sources in the RP property vicinity include the generation of chloroform-containing waste at the 
Arkema Site (Section 3.2 and Appendix L).  Arkema also is a likely source of tetrachloroethene in 
groundwater, based on the isolated downgradient tetrachloroethene detections on Arkema Lot 2 and 
Tract A.  Historical trichloroethene releases at the Siltronic Site have resulted in two plumes of 
trichloroethene and its degradation products associated with the Siltronic manufacturing area (Section 
3.2 and Appendix L).   

The limited migration of halogenated alkenes and alkanes from RP property source areas is evident 
from the significant reduction in concentrations with downgradient distance from the RP property, and 
with depth within the RP property.  The greatest detections in groundwater and soil on the RP 
property were in known historical source areas, including storage and manufacturing areas and 
locations near residual NAPL at the northern end of the HA.  The distribution of halogenated alkenes 
and alkanes in groundwater is consistent with groundwater gradients and flow direction, and extends 
from the RP source areas to the River, primarily within the Alluvial-Colluvial Gravel and CRBG. 

Natural attenuation of halogenated alkenes and alkanes at RP source areas is evident in the dramatic 
reduction in concentrations over time.  The maximum historical methylene chloride detection in the HA 
Fine-Grained Alluvium was 779 mg/L in detected in 1989 at MW-03-49.  Methylene chloride 
decreased to 77.1 mg/L in the most recent sample collected from the same location in 2000.  Similar 
decreases have been observed for other halogenated alkenes detected in the HA.   
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Data show higher concentrations of halogenated alkenes and alkanes in downgradient Siltronic, 
Arkema, and City wells relative to upgradient wells, demonstrating the presence of source areas 
downgradient of the RP property.  Historical operations and waste streams at downgradient facilities 
have resulted in documented releases that are likely the sources of those increased concentrations.    

8.4.4.6 Summary of Transport Pathways 

Areas where halogenated alkenes and alkanes enter the groundwater system are identified based on 
concentrations found in soil and groundwater, expected association with other compounds in source 
areas, and information on RP vicinity properties source composition (Appendix L).  Historical RP 
releases to soil occurred in the HA and in the LADD area.  Constituents are transported through 
groundwater from the source areas toward the River.  Some halogenated alkenes and alkanes reach 
the River above SLVs.  Of those halogenated alkenes and alkanes that reach the River, some are 
known to be present in a separate source area on Arkema Lots 3 and 4, and exceed their SLVs at 
multiple monitoring well locations.  Groundwater flow at Arkema Site ranges from northeast to north, 
suggesting that halogenated alkenes from the Arkema source area could be migrating northward 
along the River.  The lack of adequate deep monitoring wells at Arkema Lot 3 prevents differentiating 
between Arkema halogenated alkenes and RP halogenated alkenes along a portion of the riverbank 
in front of the Arkema Site.  Concentrations of halogenated alkenes and alkanes in groundwater 
discharging to the River in the RP property vicinity are at or below 10 times the SCE SLVs, with the 
exception of vinyl chloride which has a very low SLV of 1.6E-05 mg/L. 

Groundwater 

The groundwater pathway historically transported halogenated alkenes and alkanes to the City Outfall 
22B storm sewer system and to NDL.  The groundwater pathway also carried halogenated alkenes 
and alkanes to the City Outfall 22B system from other sources. 

Former Doane Lake/Former WDL:  Multi-source former Doane Lake is an historical constituent 
migration pathway that received wastes from multiple facilities.  Former Doane Lake and former WDL 
are not current pathways for constituent migration or receptor exposure.  Because former Doane Lake 
is filled and former WDL is remediated, there are no transport mechanisms available and no surface 
water remains for direct contact by receptors.  The only potential transport of halogenated alkenes 
and alkanes from former Doane Lake or from former WDL would occur through the groundwater 
pathway. 

Stormwater, Surface Water, and Sediment 

NDL:  NDL media (sediment, pore water, and surface water) are affected by constituents from RP and 
other sources.  The surface water pathway from the RP property to NDL is not complete.  This is 
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supported by limited and low concentrations of halogenated alkenes and alkanes in NDL surface 
water samples.  Halogenated alkenes and alkanes have been detected in NDL sediments, but low 
concentrations in surface water demonstrate that constituents in NDL sediments are not readily 
available to partition to surface water.  Sediments are an exposure pathway. 

HDD:  Halogenated alkenes and alkanes detected in soil samples from the HDD and its immediate 
vicinity could have historically migrated from the multi-source former Doane Lake to the HDD.  
However, the lack of flow through the HDD, the low concentrations and sporadic presence of these 
compounds, and the lack of groundwater concentrations that would identify the HDD as a source, 
demonstrate that the HDD is not a current migration pathway to groundwater or the River. 

Stormwater/Non-stormwater, City Outfall 22B:  The City Outfall 22B storm sewer system is an 
historically complete pathway for transport of RP-related constituents in groundwater to the River, but 
is not considered a current or future pathway.  Halogenated alkenes and alkanes have been detected 
at low levels in non-stormwater within the City Outfall 22B storm sewer system at concentrations fairly 
consistent with shallow groundwater.  Shallow groundwater in the vicinity of the City Outfall 22B storm 
sewer contains COIs from multiple sources.  Sources of sediment to City Outfall 22B include overland 
flow not related to the RP property, because there is no overland flow from RP sources to the City 
Outfall 22B storm sewer system.  Tetrachloroethene is the only halogenated alkene or alkane 
detected in non-stormwater at the outfall at a concentration exceeding the SCE SLVs. 

Stormwater/Non-stormwater, City Outfall 22C:  The City Outfall 22C storm sewer system is not a 
complete pathway for transport of RP-related constituents from NDL to NDP to the River because 
groundwater from RP sources that contains halogenated alkenes or alkanes does not intercept the 
City Outfall 22C storm sewer (Sections 6 and 7), and because concentrations of RP-related 
halogenated alkenes and alkanes in the discharge from City Outfall 22C are less than SCE SLVs. 

8.4.5 Benzene and Alkyl Benzenes 
BTEX are present in coal tar, petroleum products, and various organic chemical product formulations 
(USGS, 2010).  Trimethylbenzenes, propylbenzenes, and butylbenzenes are constituents of crude oil 
and refined oil, and are used in products such as coatings and cleaners (EPA, 1994a).  

Volatile aromatic hydrocarbons including BTEX, isopropyltoluene, styrene trimethylbenzenes, 
propylbenzenes, and butylbenzenes also were detected in the RP RI data set.  Naphthalene was 
detected in the dataset and will be discussed in the SVOC section (Section 8.5). 
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There are numerous potential sources of benzene and alkyl benzene detections in the RP RI data set.  
Benzene and toluene were purchased for operations in the HA, and aromatic hydrocarbons were 
likely used for fueling and other applications at the RP property.  Benzenes and alkyl benzenes also 
were used and stored on the surrounding properties, and documented releases of these materials 
have occurred at facilities both upgradient and downgradient of the RP property (Section 3.2 and 
Appendix L).   

8.4.5.1 Physical Properties/Environmental Fate of Benzene and Alkyl Benzenes 

Benzene and alkyl benzenes will readily partition to the atmosphere from surface water and dry soil.  
The primary degradation process for benzenes in surface water and dry surface soil is volatilization to 
the atmosphere, where they will degrade rapidly.  VOCs released to soil surfaces partition to the 
atmosphere through volatilization, to surface water through runoff, and to groundwater as a result of 
leaching.  Benzenes generally are highly mobile in soil and readily leach into groundwater.  
Environmental parameters such as the soil type (e.g., sand versus clay), amount of rainfall, depth to 
groundwater, and extent of degradation impact constituent leachability.  Benzenes in water may 
adsorb to solid particles, and adsorption is more likely with increasing organic matter content (Uchrin 
and Mangels, 1987).  

Benzene and alkyl benzenes will readily biodegrade in soil and water and are not expected to 
bioaccumulate (ATSDR, 2010a). 

8.4.5.2 Data 

Soil, groundwater, lake sediment, surface water, pore water, stormwater, NAPL, non-stormwater, and 
storm sewer cleanout sediment at the RP property and vicinity were sampled and analyzed for VOCs.  
A total of 448 soil samples, 1,328 groundwater (monitoring well) samples, 226 groundwater (boring) 
samples, 91 lake sediment samples, 29 surface water samples, 6 pore water samples, 1 stormwater 
sample, 34 non-stormwater samples, 7 storm sewer cleanout samples, and 13 NAPL samples, 
including field duplicates, have been analyzed for VOCs. 

Data Sets 

VOC analytical results are presented in Appendix C, in tables, and in Appendix F, in distribution 
figures, as indicated below. 

● Soil:  Table C1-2; Figures F-0040 to F-0093 

● NAPL:  Table C4-1; F-0826 to F-0843 

● Groundwater (Monitoring Wells):  Table C3-2; Figures F-0368 to F-0439 
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● Groundwater (From Borings):  Table C2-1; Figures F-0742 to F-0759 

● Lake Sediment:  Table C7-1; Figures F-1014 to F-1031 

● Pore Water:  Table C6-1; Figures F-0975 to F-0992 

● Surface Water: Table C5-2; Figures F-0892 to F-0909 

● Stormwater and Non-Stormwater:  Table C8-1; Figures F-1102 to F-1119 

● Storm Sewer Cleanout Sediment: Table C10-2 

The benzene and alkyl benzene data in the RI data set generally are considered reliable.  The 
methods used for volatile analysis on groundwater samples collected from the RP property and 
vicinity were EPA Methods 602, 624, 8010, 8015, 8020, 8240, and 8260.  Soil samples collected from 
the RP property and vicinity were analyzed by EPA Methods 8010, 8020, 8240, and 8260. 

Data Usability 

EPA Methods 602, 8010, 8015, and 8020 use either a non-selective non-selective flame-ionization 
detector (FID), PID or ECD to detect VOCs.  Analyte identification is based solely on a target analyte’s 
retention time.  All of these methods are prone to coelution of target and non-target analytes.  The 
majority of the data collected from the RP property and vicinity and analyzed using 602, 8010, 8015, 
and 8020 were not validated, leading to greater uncertainty in analyte identification and quantification. 

In the standard EPA Method 624, 8240, and 8260 analysis, the GC/MS is run in full scan mode, 
monitoring a range of mass to charge ratios.  These mass spectra can then be compared to a library 
of mass spectra to determine an analyte’s identity.  Full scan analysis is useful for identifying and 
quantifying a large range of analytes, but is prone to interference from unwanted ions that may 
obscure an analyte’s mass spectra. 

Results were consistent with the CSM and the benzene and alkyl benzene data are considered 
usable for purposes of the RI.  

8.4.5.3 Sources of Benzene and Alkyl Benzenes in the RP Property Vicinity 

Multiple sources of benzenes and alkyl benzenes have been present at the RP property and 
surrounding properties throughout their industrial history.  Benzene and toluene were purchased for 
use in herbicide formulation and manufacturing at the RP property.  Toluene was used in MCPP 
formulation, and xylenes were used in bromoxynil formulation.  Benzenes also were likely used for 
fueling and other applications.  Benzenes and alkyl benzenes also were used and stored on the 
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surrounding properties, and documented releases of these materials have occurred at facilities both 
upgradient and downgradient of the RP property (Section 3.2 and Appendix L).  

Jinkz service station is located at 6215 N.W. St. Helens Road (Highway 30), upgradient of the RP 
property.  An active leaking underground storage tank (LUST) record for this facility indicates that a 
petroleum release was discovered in 1989, and DEQ issued the facility LUST ID 26-89-0213.  DEQ 
also has records of a complaint of improper disposal of used oil, antifreeze, and brake fluid into drains 
at the Jinkz facility (DEQ, 2009e).  DEQ records indicate an 8,000-gallon gasoline UST and an 8,000-
gallon diesel UST currently located at the Jinkz facility. 

DEQ records document discovery of petroleum-contaminated soil in 2000 during sewer construction 
along Highway 30, upgradient of the RP property (DEQ, 2010i).  Approximately 500 cubic yards of 
petroleum-contaminated soil (PCS) were removed, and PAHs, TPHs, diesel, heavy oil, gasoline, and 
BTEX were detected in groundwater.  DEQ records state it is likely that significant soil contamination 
above health-based screening levels remains beneath and adjacent to Highway 30.  

Former Gasco MGP waste disposal on Siltronic property have resulted in releases of benzenes.  The 
DEQ ECSI database lists oil gasification wastes, including tars, oil, creosote, phenols, PAHs, BTEX, 
and lead, as hazardous substances associated with the Gasco site (DEQ, 2010c).  

Operations at the Kinder Morgan/Willbridge facility southeast of the RP property have resulted in 
documented releases of BTEX and other VOCs (DEQ, 2010h). 

8.4.5.4 Nature and Extent  of Benzene and Alkyl Benzenes in the RP Property Vicinity 

Benzene and alkyl benzene source areas are located on RP property in the HA, IA, and LADD area, 
and at the Siltronic (e.g., BTEX) and Kinder Morgan (e.g., BTEX) properties.  Benzenes and alkyl 
benzenes were detected in all environmental media at the RP property and vicinity.  

Soil 

Benzene and alkyl benzenes were analyzed in NAPL samples from the north end of the HA, the 
LADD area, and near former WDL.  Benzene and alkyl benzenes were detected in NAPL samples 
from RP-04 near former WDL in the LADD area, and in MW-05, MW-08, and P-07 located in the 
northern portion of the HA.  Benzenes and alkyl benzenes were not detected in the MGP NAPL 
sample collected from PZ-03-40W located near NDP.   

Source Area Soil 
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The greatest benzene and alkyl benzene concentrations in NAPL were detected in the HA.  The 
maximum concentrations were m,p-xylenes at 439,000 mg/kg and ethylbenzene at 145,000 mg/kg, 
both in a 2003 sample from MW-08-27.  In the LADD area, the maximum concentration of benzenes 
and alkyl benzenes were m,p-xylenes (7,300 mg/kg, estimate) and 1,2,4-trimethylbenzene (11,000 
mg/kg) in samples from RP-04-41 collected in 2007.  Detections of m,p-xylenes,  ethylbenzene, and 
1,2,4-trimethylbenzene at concentrations higher than other alkyl benzenes in NAPL in these locations 
is consistent with detections in nearby soil and groundwater.  Other benzenes and alkyl benzenes 
detected in NAPL include 1,2,4-trimethylbenzene, 1,3,5-trimethylbenzene, isopropylbenzene, n-
propylbenzene, and toluene.  

Benzene, ethylbenzene, m,p-xylenes, and 1,2,4-trimethylbenzene were detected above the industrial 
soil RSLs in soil samples in the RP RI data set.  RSL exceedances in soil on the RP property were 
limited to the northern end of the HA and isolated locations in the IA and the former Doane Lake area.  
The benzenes and alkyl benzenes with the greatest detection frequency in the RI data set were 
xylenes, 1,2,4-trimethylbenzene, ethylbenzene, 1,3,5-trimethylbenzene, n-propylbenzene, and 
toluene.  Ethylbenzene was the only volatile hydrocarbon detected above RSLs in soil beyond the 
boundaries of the RP property; it was detected above the RSL in one sample on BNSF property near 
the LADD area (NB-19) and one sample on NL/Gould property near the HA boundary (B-05).  Both of 
these samples were collected from below the water table. 

HA:  The greatest benzene and alkyl benzene concentrations are limited to within 20 feet of the 
ground surface at the northern end of the HA.  Alkyl benzene detections in the HA reach the boundary 
with the NL/Gould Site, and appear to extend onto the NL/Gould Site.  1,2,3-Trimethylbenzene, 
benzene, ethylbenzene, and m,p-xylenes were detected in HA soils at concentrations greater than the 
industrial soil RSLs.  The alkyl benzene detected at the greatest concentration was m,p-xylenes at a 
concentration of 14,000 mg/kg, above the RSL of 2,700 mg/kg, at 13.5 to 18.5 feet bgs (sample 
collected below the water table) in boring DB-01 located at the northern end of the HA.  The greatest 
ethylbenzene detection was 3,960 mg/kg at 12.5 to 13.5 feet bgs in T-19, above the RSL of 27 mg/kg.  
Benzene and 1,2,4-trimethylbenzene were detected above RSLs in only three HA borings.   

IA: Ethylbenzene and m,p-xylenes were the only alkyl benzenes detected above RSLs in IA soil, and 
the detections were isolated to three locations.  The maximum m,p-xylenes concentration was 26,000 
mg/kg at 3 to 4 feet bgs in ITP-09C, located near the former dust plant building in the central portion 
of the IA.  Xylenes were detected above the RSL in only one other IA sample, collected from ITP-09A, 
also located near the former dust plant building.  Ethylbenzene was detected above RSLs in the same 
IA locations as xylenes, and at 6 to 7 feet bgs in IA-04, located south of the former dust plant building, 
in close proximity to the eastern railroad spur.  The maximum ethylbenzene detection in the IA was 
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5,400 mg/kg at 3 to 4 feet bgs in ITP-09C.  Alkyl benzenes were not detected in the majority of the 
remaining soil samples in the IA, with the exception of scattered detections below RSLs in the far 
eastern and western areas of the property.  

LADD Area:  Ethylbenzene was the only benzene or alkyl benzene detected above the RSL of 27 
mg/kg in the LADD area.  The maximum ethylbenzene concentration in the LADD area was 37.3 
mg/kg at 26 feet bgs (sample was collected below the water table) in NB-19. 

Former Doane Lake and Other Properties: Ethylbenzene was detected above the RSL in one sample 
from the multi-source former Doane Lake area, at 280 mg/kg at 8 to 10 feet bgs in LCB-02 located 
near the HA boundary.  m,p-Xylenes were detected at concentrations up to 850 mg/kg at the same 
location but did not exceed the RSL of 2,700 mg/kg.  No other benzenes or alkyl benzenes were 
detected above RSLs.    

Non Source Area Soil 

Alkyl benzenes were detected sporadically and at much lower concentrations at other properties as 
compared to concentrations found at the RP property.  The highest off-property detections were at the 
NL/Gould Site, where alkyl benzenes were detected above RSLs in borings near the HA boundary.  
Alkyl benzene detections in off-property samples occurred sporadically, with isolated detections at the 
Arkema, Siltronic, Schnitzer, and ESCO sites, and in the HDD.  No alkyl benzenes were detected 
above RSLs on properties other than the RP property and the NL/Gould Site.   

No other benzenes were detected above RSLs in soil samples from the off-site properties.  Toluene 
was detected at concentrations of 0.0012 mg/kg at 4 to 5 feet bgs in HDD-103 located near the north 
end of NW Front Avenue, and 7.5E-04 mg/kg at 0.5 to 1.5 feet bgs in HDD-101 located near Arkema 
Lot 1 in the HDD.  Toluene was not detected in three other HDD soil samples analyzed.   

Groundwater data from monitoring wells are discussed in this section because they are the most 
representative of groundwater conditions.  Groundwater sample results from borings followed similar 
trends to those observed from the monitoring well results and are not discussed further. 

Groundwater 

Benzene and alkyl benzene detections in groundwater at the RP property historically have been 
greatest in the HA near areas where NAPL is present.  Concentrations typically decrease with 
downgradient distance from the HA toward the River.  Benzene and alkyl benzenes were detected 
above RSLs in groundwater samples from the Artificial Fill at the RP property to upland areas of the 
Arkema Site.  The highest concentrations in the Artificial Fill and Fine-Grained Alluvium were detected 



 

AMEC Earth & Environmental, Inc. 
192 Project No.:  0-61M-107030/Phase 0104/T6 
 K:\10000\10700\10703\0100 RI-FS-ROD\0104 RI Report\Draft RI\RI-SCE Report.Docx 

at the HA, with concentrations up to two orders of magnitude lower at downgradient properties in the 
RP property vicinity.  Benzene and alkyl benzene concentrations detected at greater depths in 
groundwater on properties immediately downgradient of the RP property typically were two to three 
orders of magnitude less than on the RP property.  Benzene and alkyl benzenes were not detected in 
monitoring wells at the riverbank during the most recent sampling events from 2007 through 2010. 

HA: BTEX, trimethylbenzenes, and n-propylbenzene historically were detected above RSLs in 
groundwater samples from the HA.  The greatest concentrations were detected in the Fine-Grained 
Alluvium at the northern end of the HA.  Volatile hydrocarbon and alkyl benzene concentrations 
generally decrease with depth in the HA and have decreased or remained stable over time.   

Source Area Groundwater 

Benzene, ethylbenzene, xylenes, and trimethylbenzene concentrations in the Artificial Fill were 
greater than the respective RSL.  Groundwater samples from the Artificial Fill were collected in only 
four wells in the HA, three located near the NAPL area and PZ-1-11 located at the southern end of the 
HA.  Benzene, ethylbenzene, xylenes, and trimethylbenzene detections in Artificial Fill were limited to 
the wells in the northern area of the HA near the NAPL area.   

Benzene concentrations in the Artificial Fill exceeded the RSL of 4.0E-04 mg/L at the MW-05 well 
cluster and in P-102 and P-103, each located at the northern end of the HA.  Benzene concentrations 
in MW-05-34 have decreased steadily over time, from a maximum of 1.51 mg/L in 1989 to 0.24 mg/L 
in the most recent sampling event September 2007.  Ethylbenzene, xylenes, and trimethylbenzene 
concentrations in the Artificial Fill wells have fluctuated over time.  Each of these compounds was 
detected above the RSLs in MW-05-24 and MW-05-35 during the most recent sampling event in 
September 2007.   

BTEX and trimethylbenzenes were detected above RSLs in groundwater from the Fine-Grained 
Alluvium.  Toluene and 1,3,5-trimethylbenzene exceedances were limited to the northern area of the 
HA, near the NAPL area.  The greatest benzene concentrations (maximum of 2.6 mg/L, above the 
RSL of 4.0E-04 mg/L) were detected in MW-02-26 located near the western railroad spur.  The 
greatest ethylbenzene (77 mg/L, above the RSL of 0.0015 mg/L), xylenes (m,p-xylenes, at 334 mg/L, 
above the RSL of 0.2 mg/L), and 1,2,4-trimethylbenzene (34 mg/L, above the RSL of 0.015 mg/L) 
detections were in the recovery wells (A through H) and the MW-08 well cluster located in the 
northern part of the HA near the NAPL area.  N-propylbenzene was detected at 6.8 mg/L (above the 
RSL of 1.3 mg/L) in recovery well F.  Concentrations of benzene, ethylbenzene, m,p-xylenes, and 
trimethylbenzenes have remained fairly stable since NAPL removal activities began in 2003.  BTEX, 
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trimethylbenzenes, and n-propylbenzene generally were below RSLs or were not detected in the Fine-
Grained Alluvium in the southern half of the HA. 

Constituent concentrations decreased significantly in samples collected from the CRBG.  Benzene 
was detected above the RSL in the CRBG in MW-09-80 (maximum of 0.027 mg/L) and MW-05-70 
(maximum of 0.0065 mg/L).  Benzene concentrations in MW-05-70 have been consistently lower than 
in more shallow wells in this cluster, and have decreased steadily over time.  Benzene was not 
detected above the detection limit of 8.3E-05 mg/L in MW-05-70 during the most recent sampling 
event in September 2007.  Ethylbenzene, toluene, xylenes, trimethylbenzenes, and n-propylbenzene 
were not detected above RSLs in the CRBG, and detections of these COIs at concentrations below 
RSLs were limited to MW-09-80 and MW-05-70, with the exception of toluene and xylenes detections 
in MW-01-76.  MW-01-76 is located at the upgradient western boundary of the HA, near Highway 30.  
The presence of these constituents in a well upgradient of historical HA process and storage areas, 
and upgradient of the known area of NAPL, shows that they are migrating onto the RP property from 
an off-site source.  Toluene historically has been detected in monitoring well W-18-D(64) located 
across Highway 30 and upgradient of MW-01-76. 

IA: Groundwater samples have not been collected from the IA since April 1995, with the exception of 
samples from the MW-11 well cluster collected in August 2006 and May 2009.  Benzene, 
ethylbenzene, and m,p-xylenes were historically detected above RSLs in the Fine-Grained Alluvium in 
the IA.  The maximum historical detection in the Fine-Grained Alluvium was ethylbenzene at 0.6 mg/L 
in a 1982 sample from PP-03, located at the northeastern edge of the IA near the Metro property.  
Benzene was the only aromatic hydrocarbon historically detected above the RSL in the Fine-Grained 
Alluvium in the MW-11 well cluster in samples collected prior to 2006.  Benzene and alkyl benzenes 
were not detected in the MW-11 well cluster in samples collected in 2006 or 2009. 

Benzene, toluene, and ethylbenzene historically were detected above RSLs in IA samples collected in 
1993 from MW-11-79 and MW-12-79 in the CRBG.  The maximum historical benzene detection was 
0.39 mg/L in MW-12-79 located at the upgradient, western edge of the IA, near the railroad spur that 
crosses onto RP property near the MW-12 well cluster.  Toluene was detected above the RSL only 
once, at 3.4 mg/L in MW-12-79.  Ethylbenzene also was detected above the RSL only once, at 0.006 
mg/L in MW-12-79.  Benzene and alkyl benzenes were not detected in IA samples collected from the 
MW-11 well cluster in 2006 or 2009. 

LADD Area: Volatile hydrocarbon and alkyl benzene concentrations in the LADD area were greatest 
in well cluster RP-04.  The maximum detection was total xylenes at 5.32 mg/L in RP-04 in the Artificial 
Fill.  The greatest detection in the Fine-Grained Alluvium was total xylenes at 3.445 mg/L in RP-04.  
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Total xylenes in RP-04 decreased to 1.09 mg/L in the Alluvial-Colluvial Gravel and to 0.76 mg/L in the 
CRBG.  BTEX and alkyl benzene detections downgradient of the LADD area were typically near or 
below the RSLs.   

Former Doane Lake and Other Properties: Benzene, ethylbenzene, xylenes, and 1,2,4-
trimethylbenzene historically were detected above RSLs in groundwater samples from the multi-
source former Doane Lake area.  Only benzene and ethylbenzene have been detected above RSLs in 
the Artificial Fill in samples collected since 2006.  The maximum benzene detection in the Artificial Fill 
since 2006 was 0.021 mg/L in W-09-D(38) in a sample collected in April 2006.  Benzene 
concentrations in W-09-D(38) have decreased steadily, from a maximum detection of 0.075 mg/L in 
January 1982 to 0.0209 mg/L in a sample collected in June 2009.  The maximum ethylbenzene 
detection since 2006 was 0.006 mg/L in W-09-D(38) in a sample collected in April 2006.  
Ethylbenzene concentrations in W-09-D(38) have decreased fairly steadily, from a maximum 
detection of 0.025 mg/L in January 1982 to 0.004 mg/L in a sample collected in June 2009.   

Non Source Area Groundwater 

The maximum historical aromatic hydrocarbon detection in the Fine-Grained Alluvium was total 
xylenes at 5.09 mg/L in a sample collected in October 2000 from AL2-46, located in the multi-source 
former Doane Lake area near the NL/Gould property boundary.  Concentrations of total xylenes in 
AL2-46 have increased only slightly but steadily over time, from 2.7 mg/L in 1995 to 4.9 mg/L in 2006.  
Benzene and ethylbenzene concentrations in AL2-46 also have been increasing steadily over time. 

The maximum detection in the Alluvial Colluvial Gravel was m,p-xylenes at 19 mg/L in BST2W-61 
located in the multi-source former Doane Lake area near the NL/Gould property boundary. 

Volatile hydrocarbon and alkyl benzene concentrations in groundwater on properties downgradient of 
the RP property typically decrease with distance from the HA, and were not detected in riverbank 
wells.  Aromatic hydrocarbon concentrations greater than 1 mg/L were detected in samples from the 
Fine-Grained Alluvium in ASW-06(17) at the Metro property, in WS-14-125 on the Siltronic Site, and in 
MW-11 on the Kinder Morgan/Willbridge Site.  Alkyl benzenes were detected at greater than 1 mg/L 
only in the Artificial Fill near the LADD and the Fine-Grained Alluvium on the Kinder Morgan/Willbridge 
Site.  Detections on City, Arkema, ESCO, NW Front Avenue, and Schnitzer properties were lower 
than in upgradient locations. 

At the Kinder Morgan/Willbridge Site, the historical storage and use of gasoline and xylenes is likely a 
source of BTEX in groundwater, based on the distribution of BTEX in groundwater.  The maximum 
BTEX constituent detected at Kinder Morgan/Willbridge was m,p-xylenes, at 6.69 mg/L in the Fine-
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Grained Alluvium in MW-11 (5 to 20 feet bgs) located near N.W. 61st Avenue across from the 
Metro/Schnitzer property boundary. 

At the Metro Site, benzene and ethylbenzene were the only volatile hydrocarbons detected in 
groundwater.  BTEX concentrations detected on the Metro property may be associated with releases 
from the upgradient HA and the IA.  The greatest constituent concentrations detected on the Metro 
property were in the Fine-Grained Alluvium at ASW-06(17), located at the northwest corner of the 
property.  Benzene was detected at 7.6 mg/L and ethylbenzene was detected at 1.6 mg/L in ASW-
06(17).  Concentrations at the downgradient property boundary generally decreased to levels near or 
below RSLs. 

At the Siltronic Site, BTEX compounds detected in groundwater are associated with historical disposal 
of MGP waste and the operation of settling ponds on the property.  The greatest BTEX detections in 
groundwater samples from the Siltronic Site were from the Fine-Grained Alluvium in WS-14-125 
located in the far northeastern, downgradient corner of the property.  The maximum benzene 
concentration at Siltronic was 4.8 mg/L.  The maximum total xylenes and ethylbenzene detections 
were 0.62 mg/L and 0.51 mg/L, respectively.  BTEX was not detected or was below RSLs in the Fine-
Grained Alluvium upgradient of WS-14-125.  BTEX concentrations in samples from other stratigraphic 
units at Siltronic generally were lower than in WS-14-125.  The elevated BTEX concentrations in 
downgradient Siltronic wells relative to upgradient wells indicates that the source of the BTEX is likely 
located on Siltronic property. 

The lake sediment and surface water data include samples from former WDL, NDL, and NDP.  
Benzene and alkyl benzenes were detected in sediment and surface water from former WDL, NDL 
and NDP.  Multiple sources have likely contributed these constituents to NDL; the primary source of 
alkenes and alkanes to former WDL was RP facility operations. 

Lake Sediment and Surface Water 

Former WDL is discussed separately from NDL because of the lack of current significant hydrologic 
connection between the two water bodies (Section 6.2.4.2).  Although there was likely an historical 
connection, water elevation in NDL has risen since completion of the northern railroad embankment 
and the existence of a long-standing beaver dam at the lake outlet (Sections 6.2.4.3 and 7.2.3.1).  
Former WDL and NDL also have distinct fill histories and potential constituent sources. 

The constituents detected at the greatest concentrations in former WDL sediment were m,p-xylenes 
at a maximum concentration of 1,100 mg/kg, 1,2,4-trimethylbenzene at 990 mg/kg, 1,3,5-

Former WDL 



 

AMEC Earth & Environmental, Inc. 
196 Project No.:  0-61M-107030/Phase 0104/T6 
 K:\10000\10700\10703\0100 RI-FS-ROD\0104 RI Report\Draft RI\RI-SCE Report.Docx 

trimethylbenzene at 360 mg/kg, and ethylbenzene at 250 mg/kg.  Each of these was detected in 
sediment sample W002 at the southern end of former WDL.  Other volatile hydrocarbons in sediment 
were detected at lower concentrations. 

Benzene and alkyl benzenes in sediments were relatively higher in the southern end of former WDL.  
This is consistent with historical waste handling practices and correlates with VOC distribution in soil 
and groundwater. 

Toluene was the only aromatic hydrocarbon detected in surface water from former WDL.  Toluene 
was detected in WDLR1 at 0.001 mg/L.  Benzene and alkyl benzenes in former WDL have been 
addressed, along with other constituents, by the WDL IRAM as discussed in Section 5. 

The constituents detected at the greatest concentrations in NDL sediment (NDL-105-S or NDL-106-S) 
were benzene at a maximum concentration of 0.388 mg/kg, n-propylbenzene at 0.286 mg/kg, 1,2,4-
trimethylbenzene at 0.264 mg/kg, n-butylbenzene at 0.184 mg/kg, and m,p-xylenes at 0.102 mg/kg.  
None of these detections exceeded the respective RSL.  1,2,4-Trimethylbenzene and m,p-xylenes 
exceeded the SLV. 

NDL 

Benzene, m,p-xylenes, and toluene were detected at very low concentrations in NDL surface water 
samples, demonstrating that NDL sediments effectively trap constituents and prevent their discharge 
to NDL surface water.  Only benzene exceeded the RSL and SLV. 

The low concentrations in surface water relative to higher concentrations of benzene and toluene 
detected in RP source areas indicates a lack of ongoing connection between RP source areas and 
NDL.  Historical operations and releases at Koppers, Gasco, and the Kinder Morgan pump station 
located on Highway 30, as well as runoff from Highway 30, may have contributed VOCs to NDL.   

Historical documentation and aerial photographs suggest that there was some hydraulic connection 
between the former Doane Lake and early configurations of NDL through the railroad embankment in 
and prior to the 1960s.  This connection also is suggested by detection of some RP-related 
constituents in NDL sediment along the south arm of the lake during a 2003 sampling event.   

Since 1995, a beaver dam was constructed which allowed the surface water elevation in NDL to rise, 
suggesting a change in hydrology that would limit flow of groundwater from the NPA to NDL.  A 
beaver dam is still present near the discharge culvert from NDL to NDP.  The degree to which 
seepage occurs through lake bottom sediments is expected to be low, as vertical conductivity of lake 
sediments has allowed NDL to form as a water body. 
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The only volatile hydrocarbons detected in NDP sediment were styrene and toluene at concentrations 
of 0.0711 mg/kg and 0.0344 mg/kg, respectively.  Neither exceeded the RSL or SLV. 

NDP 

Aromatic hydrocarbons were detected in one surface water sample and two seep samples from NDP.  
Benzene and toluene were the only aromatic hydrocarbons detected in surface water samples from 
NDP, but only benzene exceeded its RSL and SLV.  The maximum constituent detected in surface 
water was benzene at 0.00147 mg/L.  A wider range of benzene and alkyl benzenes was detected in 
the seep samples from NDP, but only benzene exceeded its RSL and SLV.  The constituent detected 
at the highest concentration was isopropylbenzene at 0.00196 mg/L in NDP-101-SEEP. 

NDP receives flow from Doane Creek and there are other potential sources of VOCs upstream from 
NDP and Doane Creek.  The presence of benzene and alkyl benzenes in the NDP seep samples, 
which primarily consist of MGP-related constituents, suggests a non-RP source of these constituents. 

Six pore water samples from NDL and NDP were collected for analysis of VOCs.  BTEX, 1,2,4-
trimethylbenzene, n-propylbenzene, and isopropylbenzene were detected in pore water samples from 
NDL.  Benzene and 1,2,4-trimethylbenzene exceeded their RSLs.  The maximum detection in NDL 
samples was benzene at 0.0446 mg/L in NDL-101-PW.  Toluene (2.6E-04 mg/L) and 1,2,4-
trimethylbenzene (2.0E-04 mg/L) were detected in one sample (NDP-102-PW) from NDP, and did not 
exceed their RSLs.   

Pore Water 

Non-stormwater from City Outfall 22B (from manholes and the outfall) and stormwater and non-
stormwater from City Outfall 22C were sampled for the RP RI.  Sediment cleaned out of the City 
Outfall 22B storm sewer system was also sampled.  Non-stormwater and stormwater from City Outfall 
22C are screened against SLVs (human health and ecological) as part of the SCE in Sections 16.7 
and 16.8. 

Stormwater/Non-Stormwater and Storm Sewer Sediment Samples 

The City Outfall 22B IRAM effectively eliminates infiltration of groundwater into the City Outfall 22B 
storm sewer system and, therefore, eliminates potential discharge of RP-related constituents to the 
outfall.  Benzene and alkyl benzenes detected in non-stormwater prior to IRAM implementation are 
likely from infiltration of groundwater as well as non-RP-related overland sources.  Benzene and alkyl 
benzenes detected in storm sewer cleanout sediment suggest non-RP-related overland sources and 
limited transport and deposition with infiltrating groundwater.  

City Outfall 22B 
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Benzene and alkyl benzenes were detected in non-stormwater and storm sewer cleanout sediment 
samples from the City Outfall 22B storm sewer.  The detections of benzene and alkyl benzenes in 
non-stormwater in the storm sewer system were generally consistent with surrounding groundwater 
detections and likely represented infiltrating groundwater.   

Multiple benzenes were detected in one or more of the non-stormwater samples collected from the 
City Outfall 22B system.  Benzene was the constituent detected most frequently, but toluene, m,p-
xylenes, 1,2,4-trimethylbenzene, o-xylenes, ethylbenzene, 1,3,5-trimethylbenzene, n-butylbenzene, 
and 4-isopropyltoluene also were detected.  

Benzene was detected in multiple sample locations during the September 2004, September 2006, 
October 2007,and June 2008 sampling events at concentrations ranging from 0.0017 mg/L (MH-7, 
September 2006) to 0.0027 mg/L (MH-6, October 2007).  Benzene was the only aromatic 
hydrocarbon or alkyl benzene detected above EPA tap water RSLs in non-stormwater samples 
collected from the City Outfall 22B system.  Benzene detections exceeded the tap water RSL (4.1E-
04 mg/L) in samples collected from MH-4, MH-5, MH-6 and the outfall.  The greatest concentrations 
detected in each sampling event were typically at MH-6.   

Concentrations of the other benzenes detected in non-stormwater samples were low, ranging from n-
butylbenzene at 2.1E-04 mg/L to m,p-xylenes at 0.0018 mg/L.  The greatest concentrations detected 
in each sampling event were typically at MH-6.     

Toluene was the only aromatic hydrocarbon or alkyl benzene detected in the ANF217 and ANF220 
seep samples.  Toluene was only detected in sample ANF220, at an estimated concentration of 2.3E-
04 mg/L. 

No benzene or alkyl benzenes were detected in either of the two City Outfall 22B storm sewer 
cleanout sediment samples collected in 2006.   

Multiple benzenes were detected in cleanout sediment samples collected from the City Outfall 22B 
system in 2009.  Constituents were primarily detected in the samples collected from the Metro, 
Schnitzer, and Air Liquide portions of the system.  The greatest concentrations of each detected 
constituent occurred in the IDW-334 sample from the Metro portion of the system at the following 
estimated concentrations:  1,2,4-trimethylbenzene (0.28 mg/kg); 1,3,5-trimethylbenzene (0.12 mg/kg); 
ethylbenzene (1.4 mg/kg);  m,p-xylenes (0.4 mg/kg); o-xylenes (0.19 mg/kg); styrene (1.9 mg/kg); and 
toluene (0.16 mg/kg). 
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Benzene and alkyl benzenes detections at City Outfall 22C are very limited.  Benzene, 
isopropylbenzene, m,p-xylenes, and toluene were detected in one or more of the non-stormwater 
samples collected from City Outfall 22C.  Benzene was only detected in the August 2002 non-
stormwater sample, at 0.00315 mg/L. Toluene and m,p-xylenes were each only detected in the July 
2009 non-stormwater sample at 6.9E-04 mg/L and 3.1E-04 mg/L, respectively.  Isopropylbenzene 
was detected in the August 2002, November 2003, and September 2004 non-stormwater samples, at 
a maximum concentration of 5.77E-04 mg/L.  Only benzene was detected at a concentration 
exceeding its SLV.  Benzene and alkyl benzenes were not detected in the December 2003 
stormwater sample. 

City Outfall 22C 

8.4.5.5 Fate and Transport of Benzene and Alkyl Benzenes in Environmental Media in 
the RP Property Vicinity 

Multiple sources of benzenes have been present at the RP property and surrounding properties 
throughout their industrial history.  Benzene and toluene were purchased for use in herbicide 
formulation and manufacturing at the RP property.  Toluene was used in MCPP formulation, and 
xylenes were used in bromoxynil formulation.  Benzenes also were likely a component of various 
petroleum products possibly used for fueling and other applications.  Benzene and alkyl benzenes 
also were used and stored on the surrounding properties, and documented releases of these 
materials have occurred at the Jinkz service station located across Highway 30 from the RP property, 
at the Siltronic property from disposal of MGP wastes by Gasco, and at the Kinder Morgan/Willbridge 
Site.   

The limited migration of benzene and alkyl benzenes from RP property source areas is evident from 
the significant reduction in concentrations with downgradient distance from the RP property, and with 
depth within the RP property.  The greatest detections in groundwater and soil on the RP property 
were in known historical source areas, including storage and manufacturing areas and locations near 
residual NAPL at the northern end of the HA.  Benzene and alkyl benzenes were detected at 
properties downgradient of the RP property, but were not detected in groundwater samples from 
riverbank wells.   

VOCs are readily biodegradable, and concentrations in HA source areas have decreased consistently 
and significantly in sampling events from 1989 through 2007 (MW-02-26, MW-03-27, MW-08-46, and 
MW-05 well cluster).  VOCs are expected to continue to attenuate under current and future 
environmental conditions.  
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8.4.5.6 Summary of Transport Pathways 

Areas where benzenes and alkyl benzenes enter the groundwater system are identified based on 
concentrations found in soil and groundwater, expected association with other compounds in source 
areas, and information on RP vicinity properties source composition (Section 3.2 and Appendix L).  
Historical RP releases to soil occurred in the HA, IA, and in the LADD area.  Constituents are 
transported through groundwater from the source areas toward the River.  Some benzenes and alkyl 
benzenes reach the River above SLVs, but all exceedances are less than the SLV by a factor of 10.   

Groundwater   

The groundwater pathway historically transported benzenes and alkyl benzenes to the City Outfall 
22B storm sewer system and to NDL.  The groundwater pathway also carried benzenes and alkyl 
benzenes to the City Outfall 22B system from other sources.   

Former Doane Lake/Former WDL:  Multi-source former Doane Lake is an historical constituent 
migration pathway that received wastes from multiple facilities.  Former Doane Lake and former WDL 
are not current pathways for constituent migration or receptor exposure.  Because former Doane Lake 
is filled and former WDL is remediated, there are no transport mechanisms available and no surface 
water remains for direct contact by receptors.  The only potential transport of halogenated benzenes 
from former Doane Lake or former WDL would occur through the groundwater pathway. 

Stormwater, Surface Water, and Sediment 

NDL: NDL media (sediment, pore water, and surface water) are affected by constituents from RP and 
other sources.  The surface water pathway from the RP property to NDL is not complete.  This is 
supported by limited and low concentrations of benzenes in NDL surface water samples.  Benzenes 
are detected in NDL sediments, but low concentrations in surface water demonstrate that constituents 
in NDL sediments are not readily available to partition to surface water.  Sediments are an exposure 
pathway. 

HDD: Benzenes detected in soil samples from the HDD and its immediate vicinity could have 
historically migrated from the multi-source former Doane Lake to the HDD.  However, the lack of flow 
through the HDD, the low concentrations and sporadic presence of these compounds, and the lack of 
groundwater concentrations that would identify the HDD as a source, demonstrate that the HDD is not 
a current migration pathway to groundwater or the River. 

Stormwater/Non-stormwater: City Outfall 22B:  The City Outfall 22B storm sewer system is an 
historically complete pathway for transport of RP-related constituents in groundwater to the River, but 
is not considered a current or future pathway.  Benzenes have been detected at low levels in non-
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stormwater within the City Outfall 22B storm sewer system at concentrations fairly consistent with 
shallow groundwater.  Shallow groundwater in the vicinity of the City Outfall 22B storm sewer contains 
COIs from multiple sources.  Sources of sediment to City Outfall 22B include overland flow not related 
to the RP property because there is no overland flow from RP sources to the City Outfall 22B storm 
sewer system.  Benzene and alkyl benzene concentrations detected in non-stormwater at the outfall 
do not exceed the SCE SLVs, except for benzene.   

Stormwater/Non-stormwater, City Outfall 22C:  The City Outfall 22C storm sewer system is not a 
complete pathway for transport of RP-related constituents from NDL to NDP to the River because 
groundwater from RP sources that contains benzenes and alkyl benzenes do not intercept the City 
Outfall 22C storm sewer (Sections 6 and 7), and because concentrations of RP-related benzenes and 
alkyl benzenes in the discharge from City Outfall 22C are less than SCE SLVs. 

8.4.6 Other VOCs  
Several additional volatile constituents, including 2-butanone (MEK), 2-hexanone, acetone, carbon 
disulfide, isobutyl alcohol, and MTBE (henceforth referred to as other VOCs) were included in the 
VOC analytical suite for the RP RI but are not included in the subcategories described in the prior 
sections.   

Other VOCs were detected at the greatest concentrations in the Artificial Fill and the Fine-Grained 
Alluvium in the HA.  Other VOC detections at properties in the vicinity of the RP property were 
sporadic and isolated, and do not represent areas of continuous detections between the RP property 
and the River.  Acetone and carbon disulfide were the only other VOCs detected in groundwater 
samples from riverbank wells, and both are byproducts of degradation of organic matter.  Acetone and 
carbon disulfide were not detected above SCE SLVs in Riverbank wells. 

8.4.6.1 Physical Properties/Environmental Fate of Other VOCs 

Physical properties of VOCs depend on the number of carbons and the covalent bonding in the 
compound; the number and location of chlorine atoms; and the number, location, and type of alkyl 
groups.  VOCs typically will readily partition from surface water or dry soil to the atmosphere, where 
degradation can occur quickly.  VOCs generally are soluble in water and do not readily adsorb to 
particulates; therefore, they will readily move through subsurface soil and groundwater.  
Biodegradation of some compounds in the subsurface is possible.  VOCs are expected to have a low 
tendency to bioconcentrate in the fatty tissues of aquatic organisms (Howard, 1991).  



 

AMEC Earth & Environmental, Inc. 
202 Project No.:  0-61M-107030/Phase 0104/T6 
 K:\10000\10700\10703\0100 RI-FS-ROD\0104 RI Report\Draft RI\RI-SCE Report.Docx 

8.4.6.2 Data 

Soil, groundwater, lake sediment, surface water, pore water, stormwater, NAPL, non-stormwater, and 
storm sewer cleanout sediment at the RP property and vicinity were sampled and analyzed for VOCs.  
A total of 448 soil samples, 1,328 groundwater (monitoring well) samples, 226 groundwater (boring) 
samples, 91 lake sediment samples, 29 surface water samples, 6 pore water samples, 1 stormwater 
sample, 34 non-stormwater samples, 7 storm sewer cleanout sediment samples, and 13 NAPL 
samples, including field duplicates, have been analyzed for VOCs. 

Data Sets 

VOC analytical results are presented in Appendix C, in tables, and in Appendix F, in distribution 
figures, as indicated below. 

● Soil:  Table C1-2; Figures F-0040 to F-0093 

● NAPL:  Table C4-1; F-0826 to F-0843 

● Groundwater (Monitoring Wells):  Table C3-2; Figures F-0368 to F-0439 

● Groundwater (From Borings):  Table C2-1; Figures F-0742 to F-0759 

● Lake Sediment:  Table C7-1; Figures F-1014 to F-1031 

● Pore Water:  Table C6-1; Figures F-0975 to F-0992 

● Surface Water: Table C5-2; Figures F-0892 to F-0909 

● Stormwater and Non-Stormwater:  Table C8-1; Figures F-1102 to F-1119 

● Storm Sewer Cleanout Sediment: Table C10-2 

The methods used for volatile analysis on groundwater samples collected from the RP property and 
vicinity were EPA Methods:  602, 624, 8010, 8015, 8020, 8240, and 8260.  Soil samples collected 
from the RP property and vicinity were EPA Methods 8010, 8020, 8240, and 8260. 

Data Usability 

EPA Methods 602, 8010, 8015, and 8020 use a non-selective FID, PID or ECD to detect VOCs.  
Analyte identification is based solely on a target analyte’s retention time.  All of these methods are 
prone to coelution of target and non-target analytes.  The majority of the data collected from the RP 
property and vicinity and analyzed using 602, 8010, 8015, and 8020 were not validated, leading to 
greater uncertainty in analyte identification and quantification. 
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In the standard EPA Method 624, 8240, and 8260 analysis, the GC/MS is run in full scan mode, 
monitoring a range of mass to charge ratios.  These mass spectra can then be compared to a library 
of mass spectra to determine an analyte’s identity.  Full scan analysis is useful for identifying and 
quantifying a large range of analytes, but is prone to interference from unwanted ions that may 
obscure an analyte’s mass spectra. 

Some ketone compounds, especially acetone, are known laboratory contaminants.  Low-level ketone 
detections should be used with caution.  Additionally, the ketone compounds (acetone, 2-butanone, 2-
hexanone, and 4-methyl-2-pentanone) have poor purging efficiencies resulting in higher quantitation 
limits. 

Results were consistent with the CSM and the other VOC data are considered to be usable for 
purposes of the RI.  

8.4.6.3 Sources of Other VOCs in the RP Property Vicinity 

Acetone historically was used in the formulation of bromoxynil in the HA from 1971 to 1990.  2-Ethyl-
1-hexanol historically was purchased for use in manufacturing operations at the RP property from 
1971 to 1990.   

A chlorinated acetone defoliant product was manufactured at the Arkema Site for a few months in the 
early 1950s (Chemical Engineering, 1954).  Acetone has been detected in Arkema groundwater in the 
Acid Plant area.    

Acetone historically was used as a stabilizer during acetylene gas manufacture and bottling at the 
Schnitzer/Air Liquide Site, and was stored in a 350-gallon double-walled storage tank and a 1,500-
gallon single-wall UST (AGI, 1995).  Acetone and MEK were detected in soil and groundwater at the 
Schnitzer/Air Liquide Site after removal of the 1,500-gallon tank in 1993 (Kennedy/Jenks, 1994). 

8.4.6.4 Nature and Extent of Other VOCs in Environmental Media in the RP Property 
Vicinity 

Other VOC source areas are located on RP property in the HA and LADD area, and at Arkema 
(acetone) and Schnitzer/Air Liquide properties (e.g., acetone).  Other VOCs were detected in all 
environmental media at the RP property and vicinity, except in pore water. 
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Soils 

Other VOCs were analyzed in NAPL samples from the northern end of the HA, the LADD area, and 
near WDL.  Acetone was detected in one NAPL sample at 2.6% (w/v), MEK was detected in two 
NAPL samples at a maximum of 0.4% (w/v), and isobutyl alcohol was detected in four NAPL samples 
at a maximum concentration of 43.9% (w/v).  Each of the detections was in samples from the HA, with 
the exception of one acetone detection in a sample from the LADD area.  The maximum other VOC 
detection in NAPL was acetone in a sample from RP-04-41 in the LADD area.  Other VOCs were not 
detected in the MGP NAPL sample from PZ-03-40W located near NDP.  

Source Area Soil 

Other VOCs were detected at the greatest concentrations in soil at the northern end of the HA.  Other 
VOCs did not exceed their RSLs, and were not detected consistently or at significant concentrations 
at properties in the RP property vicinity. 

HA: Other VOCs in soil were detected at the greatest concentrations in the northern area of the HA.  
2-Ethyl-1-hexanol, 5-methyl-2-heptanol, and isobutyl alcohol were detected at concentrations greater 
than 100 mg/kg in HA soil.  The maximum detection was 5-methyl-2-heptanol, at a concentration of 
9,890 mg/kg in T-17 at 2-3 feet bgs.  No RSL has been published for 5-methyl-2-heptanol.   

LADD area: Acetone, 4-isopropyltoluene, and 2-chlorotoluene were detected at concentrations 
ranging from 1.2 mg/kg to 8.57 mg/kg in soil from the LADD area.  No other VOCs were detected in 
the LADD area at concentrations greater than 1 mg/kg. 

IA: Acetone, o-cymene, and MEK were detected at isolated locations within the IA.  There is no 
evidence of a significant release of other VOCs to IA soil. 

Non Source Area Soil 

Former Doane Lake and Other Properties: The maximum detection in soils was 2-ethyl-1-hexanol at 
370 mg/kg in LCB-02 located at the southern end of the former Doane Lake area near the boundary 
with the NL/Gould property.   

Other VOCs were detected sporadically and at low concentrations in soil samples from the Siltronic, 
Arkema, and ESCO sites.  4-Isopropyltoluene was detected at 2.9 mg/kg (sample was collected below 
the water table) in RP-11-216 at the Siltronic Site.  Other VOCs were not detected above 1 mg/kg in 
soils from properties in the vicinity of the RP property.  Carbon disulfide was the only other VOC 
detected in soil at the HDD.  Carbon disulfide was detected at 0.00409 mg/kg in HDD-103 in a sample 
collected in August 2002.   
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Acetone, MEK, and isobutyl alcohol were not detected in groundwater at the HA, and were detected 
at very limited locations in the LADD area and multi-source former Doane Lake area.  These 
constituents were detected on properties in the vicinity, including ESCO, Metro, Schnitzer, Siltronic, 
and NL/Gould.   

Groundwater data from monitoring wells are discussed in this section because they are the most 
representative of groundwater conditions.  Groundwater sample results from borings followed similar 
trends to those observed from the monitoring well results and are not discussed further. 

Groundwater 

HA: Other VOCs were detected at concentrations up to 250 mg/L (5-methyl-2-heptanol, also known 
as isooctyl alcohol) in the HA.  The greatest concentrations in the HA were detected in the Artificial Fill 
and the Fine-Grained Alluvium.  Other VOC concentrations in the HA did not exceed RSLs, except for 
isobutyl alcohol, which was detected as high as 148 mg/L at MW-05-34. 

Source Area Groundwater 

LADD Area: Other VOCs were detected in the LADD area at concentrations up to 1.2 mg/L (acetone).  
The greatest concentrations were detected in the Fine-Grained Alluvium in RP-15-53.  Other VOCs 
detections did not exceed their RSLs. 

IA:  Other VOCs were not detected in groundwater at the IA. 

Non Source Area Groundwater 

Former Doane Lake and Other Properties:  Other VOCs were detected in the multi-source former 
Doane Lake area at concentrations up to 7.55 mg/L (isobutyl alcohol).  The greatest concentrations 
were detected in the Fine-Grained Alluvium and the Alluvial-Colluvial Gravel.  Other VOCs detections 
at properties in the vicinity of the RP property were sporadic and isolated, and do not represent an 
area of continuous detections between the RP property and the River.  Other VOC detections 
decreased to low or non-detected levels with increasing distance downgradient of the RP property.  
Acetone and carbon disulfide were the only other VOCs detected in groundwater samples from 
riverbank wells.  Acetone was detected in the Fine-Grained Alluvium (0.012 mg/L) and the CRBG 
(0.0062 mg/L) in the RP-14 well cluster.  Carbon disulfide was detected at 3.6E-04 mg/L and 4.0E-04 
mg/L, both in the Fine-Grained Alluvium in the RP-13 well cluster.  Other VOCs did not exceed their 
RSLs or SLVs at the River, except for one detection of acetone at RP-07-84 in the Alluvial-Colluvial 
Gravel. 
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The lake sediment and surface water data include samples from former WDL, NDL, and NDP.  Other 
VOCs were detected in sediment and surface water from former WDL, and in surface water from 
NDP.  Other VOCs were not detected in sediment or surface water from NDL, or in sediment from 
NDP.  Multiple sources have likely contributed these constituents to NDL; the primary source of 
alkenes and alkanes to former WDL was RP facility operations. 

Lake Sediment and Surface Water 

WDL is discussed separately from NDL because of the lack of current significant hydrologic 
connection between the two water bodies (Section 6.2.4.2).  Although there was likely an historical 
connection, water elevation in NDL has risen since completion of the northern railroad embankment 
and the existence of a long-standing beaver dam at the lake outlet (Sections 6.2.4.3 and 7.2.3.1).  
Former WDL and NDL also have distinct fill histories and potential constituent sources. 

Acetone, MEK, carbon disulfide, and 2-chlorotoluene were detected in sediment samples from former 
WDL.  The maximum detection was carbon disulfide at 0.45 mg/kg in W004 located at the southern 
end of former WDL.  The maximum acetone detection was 0.29 mg/kg in W018 near the northern end 
of former WDL.  The maximum MEK detection was 0.094 mg/kg in W005 located at the southern end 
of WDL. 

Former WDL 

Other VOCs were not detected in WDL surface water samples, except for acetone.  Acetone was 
detected in three surface water samples, at a maximum concentration of 0.00726 mg/kg.  VOCs in 
sediments were relatively higher in the southern end of former WDL.  This is consistent with historical 
waste handling practices and correlates with VOC distribution in soil and groundwater.  VOCs in 
former WDL have been addressed, along with other constituents, by the WDL IRAM as discussed in 
Section 5.   

Other VOCs were not detected in NDL sediment or surface water.  The lack of detections of other 
VOCs in NDL surface water indicates a lack of ongoing connection between RP source areas and 
NDL.    

NDL 

Historical documentation and aerial photographs suggest that there was some hydraulic connection 
between former Doane Lake and early configurations of NDL through the railroad embankment in and 
prior to the 1960s.  This connection also is suggested by detection of some RP-related constituents in 
NDL sediment along the south arm of the lake during a 2003 sampling event.   
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Since 1995, a beaver dam was constructed which allowed the surface water elevation in NDL to rise, 
suggesting a change in hydrology that would limit flow of groundwater from the NPA to NDL.  A 
beaver dam is still present near the discharge culvert from NDL to NDP.  The degree to which 
seepage occurs through lake bottom sediments is expected to be low, as vertical conductivity of lake 
sediments has allowed NDL to form as a water body. 

Other VOCs were not detected in NDP sediment.  Other VOCs also were not detected at NDP surface 
water, except for acetone.  Acetone was detected at 0.00295 mg/L in surface water sample NDP-101-
W, and at 0.0012 mg/L in one seep sample from NDP. 

NDP 

NDP receives flow from Doane Creek and there are other potential sources of acetone upstream from 
NDP and Doane Creek.  The presence of acetone in the NDP seep sample, which primarily consists 
of MGP-related constituents, suggests a non-RP source of acetone, possibly as a laboratory 
contaminant. 

Other VOCs were not detected in pore water samples. 

Pore Water 

Non-stormwater from City Outfall 22B (from manholes and the outfall) and stormwater and non-
stormwater from City Outfall 22C were sampled for the RP RI.  Sediment cleaned out of the City 
Outfall 22B storm sewer system was also sampled.  Non-stormwater and stormwater from City Outfall 
22C are screened against SLVs (human health and ecological) as part of the SCE in Sections 16.7 
and 16.8. 

Stormwater/Non-Stormwater and Storm Sewer Sediment Samples 

The City Outfall 22B IRAM effectively eliminates infiltration of groundwater into the City Outfall 22B 
storm sewer system and, therefore, eliminates potential discharge of RP-related constituents to the 
outfall.  VOCs detected in non-stormwater prior to IRAM implementation are likely from infiltration of 
groundwater as well as non-RP-related overland sources.  VOCs detected in storm sewer cleanout 
sediment suggest non-RP-related overland sources, and limited transport and deposition with 
infiltrating groundwater.  

City Outfall 22B 

Acetone and carbon disulfide were detected in one or more non-stormwater samples collected from 
the City Outfall 22B storm sewer system, at maximum concentrations of 0.0082 mg/L and 3.2E-04 
mg/L, respectively.  MEK was only detected in the September 2006 non-stormwater sample from MH-
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8, at an estimated concentration of 0.00163 mg/L.  The detections of VOCs in the storm sewer system 
were generally consistent with surrounding groundwater detections and likely represented infiltrating 
groundwater.   

Acetone and toluene were the only other VOCs detected in the ANF217 and ANF220 seep samples.  
Acetone was only detected in sample ANF220 at an estimated concentration of 0.0045 mg/L.  
Toluene was detected in ANF220 at an estimated concentration of 2.3E-04. 

Other VOCs were not detected in either of the two City Outfall 22B storm sewer cleanout sediment 
samples collected in 2006.  Acetone, carbon disulfide, and MEK were detected in one or more 
sediment cleanout samples collected in 2009, at maximum concentrations of 0.091 mg/kg, 0.0066 
mg/kg, and 0.035 mg/kg, respectively.  The greatest concentrations of these constituents were 
detected in the sample collected from the Metro line on the Schnitzer Site (IDW-338).  Diethyl ether 
was only detected in the sediment cleanout sample collected from the NL/Gould Site (IDW-335), at an 
estimated concentration of 7.5E-04 mg/kg. 

Other VOCs were not detected in non-stormwater and stormwater samples collected at City Outfall 
22C.   

City Outfall 22C 

8.4.6.5 Fate and Transport of Other VOCs in Environmental Media in the RP Property 
Vicinity 

Other VOCs in the RP property vicinity were detected at the greatest concentrations in the northern 
end of the HA.  However, concentrations decreased rapidly in downgradient wells and at off-property 
locations with distance from the HA.  Detections in riverbank wells were limited to low levels of 
acetone and carbon disulfide.  Only acetone exceeded its SLV on one occasion, at RP-07-84 at the 
riverbank. 

8.4.6.6 Summary of Transport Pathways 

Areas where other VOCs enter the groundwater system are identified based on concentrations found 
in soil and groundwater, expected association with other compounds in source areas, and information 
on RP vicinity properties source composition (Section 3.2 and Appendix L).  Historical RP releases to 
soil occurred in the HA and in the LADD area.  Constituents are transported through groundwater 
from the source areas toward the River.  Other VOCs did not exceed their RSLs or SLVs at the River, 
except for one detection of acetone, at RP-07-84 in the Alluvial-Colluvial Gravel.  

Groundwater 
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The groundwater pathway historically transported other VOCs to the City Outfall 22B storm sewer 
system.  The groundwater pathway also carried other VOCs to the City Outfall 22B system from other 
sources. 

Former Doane Lake/Former WDL: Multi-source former Doane Lake is an historical constituent 
migration pathway that received wastes from multiple facilities.  Former Doane Lake and former WDL 
are not current pathways for constituent migration or receptor exposure.  Because former Doane Lake 
is filled and former WDL is remediated, there are no transport mechanisms available and no surface 
water remains for direct contact by receptors.  The only potential transport of halogenated benzenes 
from former Doane Lake or from former WDL would occur through the groundwater pathway. 

Stormwater, Surface Water, and Sediment 

NDL: Other VOCs were not detected in NDL sediment or surface water, and were not detected at 
Outfall 22C. 

HDD:  Other VOCs were not detected in soil samples from the HDD, except for carbon disulfide 
(detected in a single sample).  The low concentrations, sporadic presence of these compounds, and 
lack of groundwater concentrations that would identify the HDD as a source, demonstrate that the 
HDD is not a current migration pathway to groundwater or the River. 

Stormwater/Non-stormwater: City Outfall 22B:  The City Outfall 22B storm sewer system is an 
historically complete pathway for transport of RP-related constituents in groundwater to the River, but 
is not considered a current or future pathway.  Other VOCs have been detected at low levels in non-
stormwater within the City Outfall 22B storm sewer system at concentrations fairly consistent with 
shallow groundwater.  Shallow groundwater in the vicinity of the City Outfall 22B storm sewer contains 
COIs from multiple sources.  Sources of sediment to City Outfall 22B include overland flow not related 
to the RP property, because there is no overland flow from RP sources to the City Outfall 22B storm 
sewer system.  Other VOC concentrations detected in non-stormwater at the outfall do not exceed the 
SCE SLVs. 

Stormwater/Non-stormwater, City Outfall 22C:  Other VOCs were not detected in NDL or NDP media, 
except for one detection of acetone at NDP.  Other VOCs also were not detected in stormwater or 
non-stormwater at the City Outfall 22C storm sewer system discharge, except for one detection of 
acetone.  Acetone did not exceed the SLV, and City Outfall 22C is not a complete pathway for 
transport of RP-related constituents from NDL to NDP to the River. 
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8.5 SEMIVOLATILE ORGANIC COMPOUNDS 

SVOCs have been detected in all media sampled at the RP property vicinity.  Many SVOCs are 
ubiquitous in the environment, and there are multiple sources of SVOCs in the RP property vicinity.  
Very low SVOC screening levels necessitate considering not only exceedances of screening levels, 
but also the relative contributions of SVOCs from multiple sources including the RP property, vicinity 
properties, and other anthropogenic or natural sources.   

For the purpose of discussion, SVOCs have been divided into four subgroups based on common 
physiochemical properties: (1) PAHs (e.g., naphthalene, benzo[a]pyrene, and benzo[a]anthracene), 
(2) phenols (e.g., 2,4-dichlorophenol, 2,4,6-trichlorophenol, and phenol), (3) phthalates (e.g., bis[2-
ethylhexyl]phthalate), and (4) other SVOCs (e.g., isophorone, dibenzofuran, and benzoic acid).  
Although petroleum hydrocarbons contain certain PAHs, petroleum hydrocarbons measured as TPH, 
DRO or RRO are discussed separately in Section 8.11.  Sections 8.5.1 and 8.5.2 provide a summary 
of the conclusions for the SVOC constituent class, including conclusions specific to each SVOC 
subgroup.  The detailed presentation and analysis for the SVOC subgroups is presented in Sections 
8.5.3 through 8.5.6.   

8.5.1 Overall Conclusions Regarding SVOCs 
The only SVOCs used in historical manufacturing or formulation operations at the RP property that 
are considered in this discussion are phenol and chlorinated phenols.  Dichlorobenzenes are present 
on the target analyte list for SVOC analysis, and were used in RP operations, but are evaluated as 
VOCs in this report due to the greater consistency of physical properties of the DCBs with other 
VOCs.  Diesel was used as a solvent in early herbicide manufacture and is a potential source of 
certain lower molecular weight PAHs including naphthalene.  Other potential sources of SVOCs at the 
RP property are fuel storage, handling and use, vehicle maintenance activities, and the filling of 
former Doane Lake with imported soil and fill material including fill material deposited by surrounding 
industrial property owners.  Potential RP SVOC source areas are located in the vicinity of known tank 
farms, waste management areas, and manufacturing operations in the HA, and in areas where NAPL 
is known to be present.  Chlorinated phenols observed in samples collected at the RP property are 
consistent with the use of chlorinated phenols in herbicide manufacturing. 

The predominant source of SVOCs in the RP property vicinity involves PAHs associated with MGP 
waste from Gasco operations disposed on the Siltronic and BNSF properties.  Additional SVOC 
sources in the vicinity include fill material historically placed in areas of former Doane Lake; River 
dredge spoils used as fill at the Siltronic, BNSF, Gasco, NL/Gould, and Arkema properties; runoff from 
Highway 30 and BNSF railroad tracks; operations at the Metro Transfer Station; SVOCs from 
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NL/Gould battery recycling, including battery casings, battery casing tar sealant, and fuel oil; former 
operations at the Koppers, Kinder Morgan/Willbridge, Schnitzer, and McCormick and Baxter 
properties; and general use of SVOCs in fuels. 

There is no evidence of widespread distribution of significant SVOC impacts in the RP source areas 
with the exception of chlorinated phenols and possibly naphthalene.  The distribution of SVOCs 
related to historical RP operations in groundwater is consistent with the hydrogeological CSM 
presented in Section 6.  In general, the distribution of all SVOCs associated with RP sources fall 
within the areas where 2,4-dichlorophenol and 2,4,6-dichlorophenol are detected.  PAH detections on 
RP property are spatially isolated and do not appear to be migrating off property.  

Naphthalene detections that are located in areas where chlorinated phenols are present are 
considered suspect.  The monochlorinated phenols have retention times that are very close to the 
retention time for naphthalene on many gas chromatographic columns, and share several ions with 
naphthalene when analyzed using electron impact ionization in GC/MS analysis.  Specific interference 
from 2-chlorophenols and 3-chlorophenol with determination of naphthalene by GC/MS have been 
identified for samples from the RP property vicinity, but unfortunately this interference is not always 
identified by laboratories, and can only be identified when full scan GC/MS methods are used for 
analysis. 

The distribution of SVOCs related to historical RP operations also indicates that natural attenuation 
processes are occurring and positively impacting SVOC concentrations in groundwater.  Chlorinated 
phenol concentrations decrease significantly with distance from the HA as well as decrease in 
concentrations within the HA over time.  Chlorinated phenol detections in samples downgradient of 
the RP property boundary are sporadic and low level.  The area of continuous chlorinated phenol 
impact to groundwater is localized in the HA near areas where they were historically manufactured 
and handled, and slightly downgradient in the southern area of former Doane Lake.  No chlorinated 
phenols were detected in any of the Riverbank wells in any of the stratigraphic units.  

Phthalates and other SVOCs were not detected at significant frequency at the RP property, and 
detections of these constituents were sporadic and isolated.  There is no evidence that RP is a source 
of phthalates, benzoic acid, or isophorone to the River.   

8.5.2 Overall Conclusions Regarding Specific Analyte Classes 
Conclusions specific to the four SVOC subgroups are presented below. 
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PAHs (e.g., naphthalene, benzo(a)pyrene, and benzo(a)anthracene): The predominant source of 
PAHs in the RP property vicinity is MGP waste on the Siltronic and BNSF properties associated with 
former Gasco operations.  Data patterns indicate that PAHs in NAPL, soil, groundwater, lake 
sediment, and surface water in NDL and at the Siltronic property are associated with MGP waste and 
not with RP property sources.  PAHs were not used in historical manufacturing or formulation 
operations at the RP property with the possible exception of PAHs in diesel used as a solvent in early 
herbicide manufacture.  Other potential PAH sources from historical operations on the RP property 
may include fuel storage and handling, fuel use in boilers or furnaces, vehicle maintenance activities, 
or the use of certain petroleum-based solvents in pesticide formulation.   

There is no evidence of widespread distribution of significant concentrations of PAHs other than 
possibly naphthalene at the former RP property operations areas.  As described earlier, however, 
monochlorophenol isomers are known potential interferences in analysis of naphthalene even using 
GS/MS methods.  The degree to which reported naphthalene results for the RP property and former 
Doane Lake area are actually related to presence of monochlorophenols is currently not known, 
although the presence of the interference has been verified by laboratories in some samples. 

The historical placement of fill materials in former Doane Lake as well as operations on the ESCO, 
NL/Gould, and Schnitzer/Air Liquide sites likely contributed PAHs to the former Doane Lake area.  
PAH sources at the NL/Gould Site include battery casings, battery casing tar sealant, fuel oil, and 
combustion emissions.  Other potential sources of PAHs in the RP property vicinity include runoff from 
Highway 30 and BNSF property, and historical operations at the Koppers and Kinder 
Morgan/Willbridge sites.   

PAHs were detected below RSLs in soil throughout the RP property and vicinity in the HA, IA, and 
former Doane Lake area.  PAH concentrations above RSLs at the RP property were limited to three 
samples clustered around the former vehicle maintenance building.  The suite of PAHs detected in 
MGP waste disposal areas at the Siltronic property is significantly different from the PAHs detected in 
soil at the HA and IA on RP property.  PAHs detected at the highest concentrations in Siltronic, BNSF, 
and former Doane Lake soil included naphthalene, phenanthrene, fluoranthene, and acenaphthene.  
This is in contrast to the PAHs detected at the highest concentrations in the HA and IA which included 
benzo(b)fluoranthene, indeno(1,2,3-cd)pyrene, benzo(g,h,i)perylene, and benzo(a)pyrene.  PAH 
concentrations in Siltronic property soil were typically at least four times higher than in RP property 
soil, and the maximum naphthalene detection in Siltronic property soil was three orders of magnitude 
higher than the maximum detection at the RP property.   
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The groundwater data distribution shows that former MGP waste areas are the predominant source of 
PAHs in groundwater north of BNSF tracks.  Naphthalene was the only PAH detected in HA 
groundwater and benzo(g,h,i)perylene was the only PAH detected in IA groundwater.  A much wider 
range of PAHs was detected at the Siltronic property, near the BNSF railroad tracks, and in former 
Doane Lake.  PAH concentrations in these areas were up to four orders of magnitude higher than 
concentrations at the RP property and other vicinity properties.  The PAHs detected in HA and IA 
groundwater were limited to naphthalene, which could be a false positive result related to the 
presence of monochlorinated phenols, and benzo(g,h,i)perylene, in contrast to the wider range of 
PAHs detected at properties between RP and the River.  PAH concentrations at the RP property were 
similar to those at other vicinity properties with the exception of higher concentrations at Siltronic and 
BNSF, and are likely representative of local background industrial levels.   

Phenols (e.g., phenol, 2,4-dichlorophenol, and 2,4,6-trichlorophenol): The relevant phenol that defines 
the extent of this SVOC subgroup is 2,4-dichlorophenol.  Historically, 2,4-dichlorophenol, 2,4,5-
trichlorophenol, and 4-chloro-3-methylphenol were used in herbicide manufacturing processes 
conducted in the HA.  The chlorinated phenols within the RP source areas are associated with former 
herbicide manufacturing operations or management of herbicide manufacturing wastes.  Additional 
potential sources of phenols in the RP property vicinity include cresols and nonhalogenated phenols 
associated with historical Gasco MGP operations and waste disposal areas, ESCO phenolic resin 
binders from casting sands disposed in former Doane Lake, and the historical use of River dredge 
spoils as fill material in the RP vicinity.   

2,4-Dichlorophenol is found as a dissolved-phase constituent in groundwater near source areas at the 
RP property (the HA, IA, and LADD) and at depth in the stratigraphic units within the buried side 
channel and toward the River.  The distribution of phenols in groundwater is consistent with 
groundwater flow patterns away from RP source areas.  Phenols that originate in the northwestern 
half of the HA follow the groundwater along the buried side channel toward the railroad bridge and the 
River.  Constituents originating in the southeastern half of the HA and in the IA would follow 
groundwater in a more perpendicular flow path toward the River; however, phenols were detected 
only at very low levels in the southeastern half of the HA and in the IA and were not detected at the 
properties between these areas and the River.  2,4-dichlorophenol was continuously present in 
groundwater at the RP property and at former Doane Lake but does not appear to affect downgradient 
properties significantly outside the limits of former Doane Lake.  Phenols were not detected in any 
stratigraphic unit in wells at the Riverbank on the Arkema or Siltronic properties.   

Phenols were detected at very low concentrations in NDL surface water and are not migrating to the 
River via City Outfall 22C at concentrations that exceed SLVs. 
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Phthalates (e.g., bis(2-ethylhexylphthalate): Phthalates were not employed in any historical 
manufacturing or formulation process at the RP property.  Phthalates are ubiquitous in the 
environment due to their presence in plastics, and are known as a common laboratory contaminant.  
The most significant source of phthalates in the RP property vicinity is the Metro Transfer Station, 
where phthalates from household waste are likely released on a routine basis.  Recent data collected 
on the Metro Transfer Station property verify the presence of phthalates in environmental media on 
the property.  Additional sources of phthalates in the RP property vicinity are historical auto fluff 
disposal operations at the Schnitzer Site, burning of battery casings and cable sweating at the 
NL/Gould Site, and the use of River dredge spoils as fill material in the RP vicinity along the River.  
The presence of phthalates in marine sediments in Washington has been documented by the 
Washington Department of Ecology (Ecology, 2002).  Phthalates may have been deposited in upland 
areas as a result of the use of impacted dredge materials as fill. 

The maximum phthalate concentrations in groundwater were detected in the Artificial Fill on the 
Siltronic property.  Within the RP property, phthalates were only detected in groundwater samples 
from the portion of the property within the footprint of former Doane Lake.  The source of the 
phthalates identified in groundwater samples is not clear; however, the minimal and isolated 
detections identified within the RP property in the former Doane Lake may be from plastics in cable 
casings from the NL/Gould recycling operation.  Phthalates are also well documented contaminants 
related to use of plastics in laboratory and sample collection operations, and it is likely that many if not 
all of these phthalate detections are false positives related to laboratory or field contamination.  
Phthalates were not continuously present in groundwater between the RP property and the River, and 
were not detected above SCE SLVs in samples from monitoring wells at the Riverbank. 

Other SVOCs (e.g., isophorone, dibenzofuran, and benzoic acid): Several analytes, including 
isophorone, dibenzofuran, 2,6-dichlorobenzothiazole, 3,3’-dichlorobenzidine, 4-chloroaniline, and n-
nitrosodimethylamine, are included in the SVOC analytical suite, but are not included in the 
subcategories described above.  Constituents classified in the other SVOCs category were not 
detected consistently or at significant concentrations in any media in the RP RI data set and the RP 
property is not a source of these other SVOCs.  Other SVOCs were detected inconsistently, were 
sporadically distributed, and were at concentrations below the RSLs with the exception of one 
groundwater sample for dibenzofuran near the area of former MGP operations.  Other SVOCs were 
not continuously present in groundwater between the RP property and the River, and were not 
detected in groundwater samples from monitoring wells at the Riverbank.   

More detailed information concerning nature, extent, fate and transport of the SVOCs in these 
subgroups is presented the next sections.  
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8.5.3 PAHs 
PAHs are a class of structurally similar chemical compounds characterized by the presence of fused 
aromatic rings.  PAH origins can be biogenic (generated by oxidation of organic matter in recent 
sediments), petrogenic (generated by changes in geologic conditions over time affecting organic 
matter in older sediments/rocks), or pyrogenic (generated from combustion or pyrolysis of organic 
matter) (Stout et al., 2001).  PAHs are naturally present in crude oil, coal tar, creosote, asphalt and 
other petroleum products.  They are also commonly formed pyrogenically through the burning of 
organic material including coal, oil, gasoline, and garbage.     

The predominant sources of PAHs in the RP property vicinity are MGP waste at the Siltronic and 
BNSF properties associated with former Gasco operations.  Other sources of PAHs in the RP 
property vicinity include the historical placement of soil and fill material in former Doane Lake, runoff 
from Highway 30 and BNSF railroad lines, and historical operations at the Koppers, NL/Gould, and 
Kinder Morgan/Willbridge sites.   

PAHs were not used in historical manufacturing or formulation operations at the RP property with the 
possible exception of PAHs in diesel used as a solvent in early herbicide manufacture.  There is no 
evidence of widespread distribution of significant concentrations of PAHs other than possibly 
naphthalene at the former RP property operations areas.  Other potential PAH sources from historical 
operations on the RP property may include fuel storage and handling, fuel use in boilers or furnaces, 
vehicle maintenance activities, or the use of certain petroleum-based solvents in pesticide formulation. 

As discussed earlier, reported naphthalene detections on the RP property that are located in areas 
where chlorinated phenols are present are considered suspect.  The monochlorinated phenols have 
retention times that are very close to the retention time for naphthalene on many gas chromatographic 
columns, and share several ions with naphthalene when analyzed using electron impact ionization in 
GC/MS analysis.  Specific interference from 2-chlorophenols and 3-chlorophenol with determination of 
naphthalene by GC/MS have been identified for samples from the RP property vicinity, but 
unfortunately this interference is not always identified by laboratories, and can only be identified when 
full scan GC/MS methods are used for analysis. 

PAHs were only detected sporadically in the RP source areas.  PAHs on the RP property and in the 
off-site properties, other than Siltronic properly, generally fall within a low-level range of 
concentrations that are likely representative of local industrial background levels.  PAH detections 
may also be associated with upgradient fueling operations at the Jinkz gasoline service station west of 
Highway 30 (Section 3.2.13). 
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Data patterns indicate that PAHs in NAPL, soil, groundwater, lake sediment, and surface water at 
NDL and the Siltronic site are associated with MGP waste and not with the RP property sources.  The 
historical placement of fill materials in former Doane Lake as well as operations on the ESCO, 
NL/Gould, and Schnitzer-AirLiquide properties likely contributed PAHs to the former Doane Lake area.  
Other potential sources of PAHs in the RP property vicinity include runoff from Highway 30 and BNSF 
railroad property, and historical operations at the Koppers and Kinder Morgan/Willbridge sites.       

PAH – Soils 

Two hundred seventy-seven soil samples were analyzed for PAHs.  PAH detection rates in the RP RI 
soil data set ranged from 15 dibenz(a,h)anthracene detections (5.4%) to 83 pyrene detections (30%).  
Naphthalene, benzo(a)pyrene, benzo(a)anthracene, benzo(k)fluoranthene, benzo(b)fluoranthene, 
dibenz(a,h)anthracene, and indeno(1,2,3-cd)pyrene were detected above soil RSLs.  PAHs were 
detected below RSLs in soil in the HA, IA, and former Doane Lake area.  PAH concentrations above 
RSLs were limited to three samples around the former vehicle maintenance building.  The highest 
concentrations of each PAH detected in soil were from the Siltronic property where RSL exceedances 
ranged from dibenz(a,h)anthracene at 4.3 mg/kg (from sample collected below the water table) to 
naphthalene at 700 mg/kg.  The highest PAH concentration detected on properties other than Siltronic 
was naphthalene at 19.7 mg/kg (from sample collected below the water table) in the LADD area, but it 
is unclear if this naphthalene result is actually a false positive related to presence of a 
monochlorophenol.  A comparison of PAH concentrations at the Siltronic property and the RP 
property demonstrate the consistently significantly higher Siltronic property concentrations:   

● Naphthalene (maximum 700 mg/kg on Siltronic property and 19.7 mg/kg on RP property); 

● Benzo(a)pyrene (maximum 99 mg/kg on Siltronic property and 6.94 mg/kg on RP 
property); 

● Benzo(a)anthracene (maximum of 91 mg/kg on Siltronic property and 3.82 mg/kg on RP 
property);  

● Benzo(k)fluoranthene (maximum 65 mg/kg on Siltronic property and not detected above 
the RSL on RP property); and  

● Benzo(b)fluoranthene (maximum 58 mg/kg on Siltronic property and 11.11 mg/kg on RP 
property).   

The suite of PAHs detected in MGP waste disposal areas at the Siltronic property is significantly 
different from the PAHs detected in soil at the HA and IA on RP property.  PAH concentrations in 
Siltronic property soil were typically at least four times higher than in RP property soil, and the 
maximum naphthalene detection in Siltronic property soil was three orders of magnitude higher than 
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the maximum detection at the RP property.  PAH concentrations in soil above RSLs on properties 
other than Siltronic and possibly naphthalene the RP property were sporadic and isolated. 

PAH - Groundwater 

Approximately 600 groundwater samples were analyzed for PAHs.  PAH detection rates in the RP RI 
groundwater data set ranged from 1 dibenz(a,h)anthracene detection (0.2%) to 82 naphthalene 
detections (13.2%).  Naphthalene, benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, 
benzo(k)fluoranthene, chrysene, and indeno(1,2,3-cd)pyrene were detected above the RSLs.  The 
highest PAH concentration in groundwater was naphthalene at 8.23 mg/L on Siltronic property.  
Naphthalene was the only PAH detected above the RSL at the RP property.  naphthalene was 
detected at the RP property at a maximum concentration of 0.014 mg/L, and detections were limited 
to the former Doane Lake area and three isolated wells in the HA.  Naphthalene concentrations at RP 
were several orders of magnitude below those on the Siltronic property, and it is not clear that these 
detections actually represent naphthalene, as opposed to false positives related to presence of 
monochlorinated phenols.  

The groundwater data distribution shows that former MGP waste areas are the predominant source of 
PAHs in groundwater north of BNSF tracks.  Naphthalene was the only PAH reportedly detected in 
HA groundwater, although it is unclear whether and to what degree the naphthalene detections are 
actually related to presence of monochlorophenols, and benzo(g,h,i)perylene was the only PAH 
detected in IA groundwater.  A much wider range of PAHs was detected at the Siltronic property, near 
the BNSF railroad tracks, and in former Doane Lake.  PAH concentrations in these areas were up to 
four orders of magnitude higher than concentrations at the RP property and other vicinity properties.  
The PAHs detected in HA and IA groundwater were limited to naphthalene and benzo(g,h,i)perylene, 
in contrast to the wider range of PAHs detected at properties between RP and the River.  PAH 
concentrations at the RP property were similar to those at other vicinity properties with the exception 
of higher concentrations on Siltronic and BNSF properties, and are likely representative of local 
background industrial levels.   

8.5.3.1 Physical Properties/Environmental Fate of PAHs 

PAHs are a group of chemicals formed as complex mixtures during the incomplete burning of organic 
material such as coal, oil, gas, wood, garbage, and tobacco.  There are more than 100 PAH 
compounds with a range of physical properties such as molecular weight, solubility, and degradation 
rates.  PAHs are found throughout the environment in the air, water, and soil.  Natural sources of 
PAHs include emissions from volcanoes and forest fires; however, anthropogenic sources such as 
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residential wood burning, vehicle emissions and industrial operations contribute a greater volume of 
PAHs to the environment than natural sources.   

PAHs are colorless to yellow solids at ambient temperatures (WHO, 2003).  They generally have high 
melting points, low vapor pressures, low water solubilities and are hydrophobic.  High molecular 
weight PAHs (4-6 benzene rings) readily absorb to particulate matter and solid surfaces, and exhibit 
lower solubility and volatility than lower molecular weight PAHs (less than 4 benzene rings).  In air, 
PAHs are found sorbed to particulates; low molecular weight PAHs also occur in the vapor phase 
(Hoff and Chan, 1987).  Particle-bound PAHs can be transported long distances and are removed 
from the atmosphere through precipitation and dry deposition.   

PAHs are transported to surface waters by aerial deposit, precipitation, runoff, leaching from creosote-
impacted wood and industrial waste.  PAHs are transported from surface waters by volatilization and 
sorption to settling particles (WHO, 2003).  PAH compounds degrade in surface waters by 
photooxidation, chemical oxidation, and microbial metabolism.  They are strongly adsorbed to 
organics in soil and sediment.  PAHs leaching to groundwater from soil is uncommon due to 
adsorption and biodegradation (WHO, 2003), particularly for high-molecular-weight PAHs.  In soil and 
sediments, microbial metabolism is the major process for degradation of PAHs.  Many animals are 
able to metabolize and eliminate PAH compounds; PAHs can accumulate in some terrestrial and 
aquatic plants, fish, and invertebrates.  Food chain uptake does not appear to be a major source of 
exposure to PAHs for aquatic animals (ATSDR, 1995).  

Iron oxide in the solid phase can cause photodegradation of PAHs (Wang et. al., 2009).  Additionally, 
iron oxides act as electron acceptors in anaerobic environments, and aid in the 
biodegradation/oxidation of PAHs in low-oxygen settings.  The presence of iron in soil, sediment, and 
groundwater at the RP property and vicinity properties may play an important role in the degradation 
of PAHs in these media. 

8.5.3.2 Data 

Soil, sediment, groundwater, surface water, stormwater, biota, and NAPL were sampled and analyzed 
for PAHs.  PAH analytical results are presented in Appendix C, in tables and Appendix F, in figures as 
indicated below. 

Data Sets 

● Soil:  Table C1-3; Figures F-0440 to F-0491 

● Sediment: Table C7-2; Figures F-1032 to F-1044 
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● Groundwater (monitoring wells): Table C3-3; Figures F-0440 to F-0491 

● Groundwater (temporary borings): Table C2-2; Figures F-0760 to F-0772 

● Surface Water: Table C5-3; Figures F-0910 to F-0922 

● Stormwater and non-stormwater: Table C8-2; Figures F-1120- to F-1132 

● Storm sewer cleanout sediment: Table C10-3 

● Biota: Table C9-1 

● NAPL:  Table C4-2; Figures F-0844 to F-0853 

PAH results used in the RP RI are generally considered reliable.  The methods used for PAH analysis 
were EPA Methods 625, 8260B (naphthalene), 8270, 8270B, 8270C, and 8270-SIM.  In the standard 
625, 8270, or 8270C analysis, the gas chromatograph/mass spectrometer (GC/MS) is run in full scan 
mode, monitoring a range of mass to charge ratios.  These mass spectra can then be compared to a 
library of mass spectra to determine analyte identity.  Full scan analysis is useful for identifying and 
quantifying a large range of analytes, but is prone to interference from unrelated ions of nearly the 
same charge to mass ratio.  This may obscure an analyte’s mass spectra.   

Data Usability 

In 8270-SIM analysis, the GC/MS is run in selected ion monitoring (SIM) mode, scanning for two to 
four specific ions per analyte.  Using SIM analysis, it is possible to achieve detection limits 10 to 100 
times lower than from full scan analyses.  SIM analysis is also less prone to matrix interference 
because unwanted ions are filtered out during analysis.  However, SIM analysis is generally used for 
limited analyte lists and therefore, it is not possible to inspect an analyte’s full mass spectra when 
analyzed using SIM analysis there is potential for substances with ion profiles similar to target 
analytes to be misidentified as target analytes.  However, none of these potential issues relating to 
PAH analytical methods limit the use of PAH data in the RP RI data set. 

As stated previously, naphthalene detections that are located in areas where chlorinated phenols are 
present are considered suspect.  The monochlorinated phenols have retention times that are very 
close to the retention time for naphthalene on many gas chromatographic columns, and share several 
ions with naphthalene when analyzed using electron impact ionization in GC/MS analysis.  Specific 
interference from 2-chlorophenols and 3-chlorophenol with determination of naphthalene by GC/MS 
have been identified for samples from the RP property vicinity, but unfortunately, this interference is 
not always identified by laboratories, and can only be identified when full scan GC/MS methods are 
used for analysis. 
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8.5.3.3 Sources of PAHs in the RP Property Vicinity 

The predominant source of PAHs in the RP property vicinity is MGP waste at the Siltronic and BNSF 
properties associated with former Gasco operations.  Data patterns indicate that PAHs in NAPL, soil, 
groundwater, lake sediment, and surface water in NDL and at the Siltronic property are associated 
with MGP waste and not with RP property sources.  PAHs were not used in historical manufacturing 
or formulation operations at the RP property with the possible exception of PAHs in diesel used as a 
solvent in early herbicide manufacture.  Other potential PAH sources from historical operations on the 
RP property may include fuel storage and handling, fuel use in boilers or furnaces, vehicle 
maintenance activities, or the use of certain petroleum-based solvents in pesticide formulation.   

RP Source Areas 

PAHs are ubiquitous in the environment, particularly in urban and industrial settings: 

Background 

● A study of PAHs in the upper approximately 8 inches of sediment samples from East and 
West Coast well-studied urban waterways, including Portland Harbor,  indicated that 
concentrations up to 20 mg/kg of the 16 EPA priority pollutant PAHs were dominated by 
urban background levels (Stout et al., 2004).  Total PAHs (43 PAHs) from 23 sediment 
samples collected in 2001 from the Portland Harbor ranged from 0.860 - 20.64 mg/kg, with 
a mean of 4.69 mg/kg (Stout et al., 2004).   

● Age-dating and fingerprinting of PAH results from ten sediment cores from the 
Wyckoff/Eagle Harbor Superfund Site at Bainbridge Island, Washington, collected in 
December 2001 indicated the following total PAH levels: natural background (pre-
industrial) levels ranging from 0.13 - 0.45 mg/kg, urban runoff/fallout levels ranging from 10 
- 90 mg/kg, and levels in creosote-dominated sediment (predominated by 2- and 3-ring 
PAH compounds) ranging from 720 - 150,000 mg/kg (Stout, et al., 2001).   

● An evaluation of sediment cores offshore of a former wood-treating facility in a highly 
industrialized port in the Pacific Northwest and shallow upland creosote-saturated soil 
indicated the following total PAH levels:  from 6,173 - 24,314 mg/kg in the upland creosote-
saturated soil samples; from 13 - 293 mg/kg in surface sediment samples; from 174 - 
7,544 mg/kg in creosote-dominated surface sediment samples; from less than 0.1 - 304 
mg/kg in subsurface sediment samples; and from 1 - 13,492 mg/kg in subsurface creosote-
dominated sediment samples (Zemo, 2009).   

● Evaluation of urban, agricultural, and forest soil samples surrounding a coal tar refinery 
(approximately 4 mile radius) in the Czech Republic indicated the following total PAH (16 
PAHs) levels:  8.69 - 10,840 mg/kg in the urban/agricultural soils and 7,657 - 79,385 mg/kg 
in the forest soil.  The higher levels in forest soil were attributed to meteorological 
influences and higher elevations above sea level (Placha et al., 2009).  The highest levels 
in urban soils in the highly industrialized area included the following: 7.5 mg/kg 
benzo(a)anthracene, 7.2 mg/kg benzo(a)pyrenebenzo(a)pyrene, 4.7 mg/kg 
benzo(b)fluoranthene, 3.5 mg/kg benzo(k)fluoranthene, and 1.05 mg/kg naphthalene. 



 

AMEC Earth & Environmental, Inc. 
Project No.:  0-61M-107030/Phase 0104/T6 221 
K:\10000\10700\10703\0100 RI-FS-ROD\0104 RI Report\Draft RI\RI-SCE Report.Docx 

● PAHs in precipitation also contribute to loading of this constituent class to environmental 
media.  Based on an annual precipitation of 42 inches a year in the downtown Portland 
area (NOAA, 2010) and concentrations of PAHs in precipitation in the Portland area 
(Douben [ed.], 2003), Portland annually receives the following per square mile in the metro 
area.  The aggregate of these PAHs flow through area storm sewers and eventually flow to 
and accumulate in the River: 

– 9.12 grams of Benzo(a)anthracene (dissolved phase) per square mile in the metro area 
annually; 

– 4.42 grams of Benzo(b)fluoranthene (dissolved phase) per square mile in the metro 
area annually; 

– 25.42 grams of Benzo(b)fluoranthene (particulate phase) per square mile in the metro 
area annually;  

– 4.14 grams of Benzo(a)fluoranthene (particulate phase) per square mile in the metro 
area annually; and 

– 7.74 grams of Benzo(a)pyrene (particulate phase) per square mile in the metro area 
annually. 

● A USGS study of pesticides and other organic compounds in fish tissue and stream 
sediment in various settings, including 20 sites in the northeastern US, indicated that the 
mean concentration of total PAHs in streambed sediment was approximately 17 mg/kg in 
areas described as agricultural mixed with urban and industrial (Lindsey et al., 1998). 

Historical Gasco MGP operations and waste management and disposal activities on the current 
Siltronic and BNSF properties are the predominant source of the PAHs in the RP property vicinity.  
The DEQ ECSI database for the Gasco site lists oil gasification wastes, including tars, oil, creosote, 
phenols, PAHs, BTEX, and lead as hazardous substances associated with the MGP (DEQ, 2010c).  

Gasco Site 

The highest concentrations of PAHs in soil and groundwater in the RP RI data set generally were 
identified on the Siltronic and BNSF properties.  It is likely that a portion of the low-level PAH impacts 
identified on the RP property are associated with Gasco waste in River dredge materials that were 
used as fill, and with former Gasco MGP operations on the Siltronic and BNSF properties.  Ongoing 
discharges of MGP waste on Siltronic property from former Gasco operations also may be impacting 
City Outfall 22C.   

The NL/Gould property is adjacent to and east of the RP property, between the RP property and N.W. 
Front Avenue.  Historical operations at NL/Gould included a secondary lead smelter and refining, 
lead-acid battery recycling, and lead oxide production from 1949 to 1981.  The NL/Gould Site is a 

NL/Gould Site 
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source of PAHs, with sources including industrial boilers, fuels and emissions, cable sweating, 
burning battery casings, use of tar sealant on battery casings, and fuel uses. 

The ESCO property is located on a portion of the former Doane Lake.  Doane Lake was filled with soil 
and fill material from industrial activities by surrounding property owners including ESCO, NL/Gould, 
Schnitzer/Air Liquide, and RP from the mid-1950s until the mid-1970s.  PAHs detected on the ESCO 
Site may be associated with impacted foundry sand historically used as fill.   

ESCO Site 

Highway 30 runs along the southern boundary of the RP property.  Leaks and spills from vehicles 
using Highway 30 and other roads in the area may result in PAH impacts to stormwater runoff and to 
soil and groundwater near roads.  Typical naphthalene concentrations in urban runoff can reach 0.005 
mg/L (EPA, 2003c).   

Highway 30 

Koppers leases a portion of the property located northwest of the RP property, approximately 800 feet 
southwest of the River.  Koppers built a coal-tar distillation plant and began distributing creosote from 
the facility in 1965.  Creosote and pitch wastes were cooled and solidified in storage tanks before 
being dumped into an on-site disposal pit.  It is likely that the Koppers facility is a local source of PAH 
impacts to the Siltronic property, Doane Creek, NDL, NDP, and City Outfall 22C based on historical 
operations and waste handling.   

Koppers Site 

The BNSF property is adjacent to the west and north of the RP property along Highway 30 and NDL.  
The railroad spur that defines the northern boundary of present-day NDL was constructed in 1969-
1970, based on a review of aerial photos.  MGP wastes present on Siltronic property were 
incorporated into NDL as part of the earth movement required for construction of this railroad spur.  
This likely would have resulted in PAH impacts to the area.  PAH impacts are typical near railroad 
operations, with sources including creosoted railroad ties and releases from fuel storage and 
transport.  

BNSF Site 

PAHs have been detected in soil, sediment, and groundwater at the former McCormick and Baxter 
Creosoting Company property located directly across the River from the RP property.  Wastewater 
from the McCormick and Baxter facility was discharged directly to the Willamette River between 1944 
and 1969.  Wood preservative waste residues were disposed in a waste disposal area on the property 

McCormick and Baxter Site 
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between 1968 and 1972.  Surface soils at the property are contaminated with wood-treating 
chemicals.  Creosote and oils have been identified as NAPL on the groundwater table and creosote 
seeps have occurred at the River bank at the property.  PAHs from this facility have impacted the 
River and sediment, and are a potential source of PAHs to near River samples in the RP property 
vicinity (DEQ, 2010b). 

The Kinder Morgan/Willbridge property is located directly east of the RP property.  The facility began 
petroleum processing operations in 1914 and processing currently continues.  Petroleum products 
managed at the terminal include diesel, gasoline, fuel oils, motor oil, greases, and lubrication oils.  A 
total of 95 spills have been documented at the Kinder Morgan/Willbridge terminal, although pre-1978 
records may not be complete.  Documented spills throughout the facility range from less than 1 gallon 
to 126,000 gallons, with a total documented spill volume of more than 205,750 gallons (KHM, 2003).  
The DEQ ECSI database lists petroleum hydrocarbons, BTEX, PAHs, heavy metals, and DDT as 
hazardous substances associated with the Kinder Morgan/Willbridge Site (DEQ, 2010h). 

Kinder Morgan/Willbridge Site 

The United States Army Corps of Engineers (USACE) began dredging the River in 1867.  The River 
was regularly dredged in the past to maintain a depth of 40 feet, The most recent dredging event 
occurred in 1989 (DEQ, 2010o).  River dredge spoils have been used as fill material in the RP 
property vicinity along the River, including the Siltronic, Gasco, Gould, BNSF and Arkema properties.  
COIs, including PAHs from operations at Gasco, Koppers, McCormick and Baxter, and runoff from 
Highway 30 and the BNSF railway property, may have been deposited in upland areas as a result of 
the use of dredge materials as fill.   

Dredge Materials 

8.5.3.4 Nature and Extent of PAHs in Environmental Media in the RP Property Vicinity 

PAH source areas are located on Siltronic and BNSF properties associated with Gasco MGP 
operations.  PAHs were detected in all environmental media at the RP property and vicinity. 

PAH analysis was conducted on 277 soil samples from the RP property and surrounding properties, 
and PAHs were not detected in the majority of samples.  Detection frequencies ranged from 4% for 
acenaphthylene to 30% for pyrene.  The most frequent detections and the highest PAH 
concentrations in the RP RI soil data set were at the Siltronic property and are associated with 
historical Gasco MGP operations and waste handling practices.  Lower PAH concentrations were 
widely distributed in soil, typically within 15 feet of the ground surface, at other vicinity properties at 

Soil 
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levels consistent with industrial background levels for the area.  Detectable PAH concentrations in the 
majority of samples collected from the RP property were below the industrial soil RSLs.  RSL 
exceedances for benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, 
dibenzo(a,h)anthracene dibenz(a,h)anthracene, indeno(1,2,3-cd)pyrene, and naphthalene were 
detected in soil from a limited number of sampling locations within the RP source areas.  However, 
these detections were generally orders of magnitude lower than the detections on Siltronic and BNSF 
properties. 

The highest levels of PAHs occur on the Siltronic property in areas affected by operations and waste 
management practices related to the Gasco MGP.  PAHs on RP property, portions of the Siltronic 
property, and other vicinity properties are consistent with industrial background levels for the area. 

The RP property is not considered a source area for PAHs because PAHs were not used in historical 
manufacturing or formulation operations.  PAHs may have been used incidentally at the RP property 
in fuels or in diesel used in early herbicide manufacture.  MGP wastes associated with the former 
GASCO facility are the predominant source of VOCs in the RP property vicinity.  The distribution of 
PAHs at the RP property and vicinity properties is provided in the Non-Source Area Soil section 
below. 

Source Areas Soil 

NAPL Area: PAHs were not identified in NAPL samples from the RP property with the exception of 
samples from MW-08-27.  The range of PAHs detected in the NAPL sample from MW-08-27 at the 
HA was limited to fluoranthene, 2-methylnaphthalene, and pyrene.   

Non Source Area Soil 

PAHs were detected in NAPL samples from PZ-03-40W located on BNSF property near the NDP in 
an area where MGP wastes are known to be present.  Acenaphthene, fluoranthene, fluorene, 
naphthalene, pyrene, and 2-methylnaphthalene were detected in the MGP-related NAPL sample from 
PZ-03-40W.  The maximum PAH concentration detected in PZ-03-40W was naphthalene at 110,000 
mg/L (11% m/v).  Phenanthrene also was detected at 110,000 mg/L (11% m/v).  The PAHs detected 
in NAPL at this location correspond with the PAHs detected at the highest concentrations in soil and 
groundwater at the Siltronic property.  PAH concentrations in PZ-03-40W were typically three to four 
orders of magnitude higher than in MW-08-27.  Refer to Section 8.2 for a detailed discussion of NAPL 
composition and distribution. 

Siltronic:  The highest soil PAH concentrations in the RP RI data set were detected in soil samples 
collected from the Siltronic property.  PAH impacts on the Siltronic property are associated with former 
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Gasco MGP operations and waste handling practices.  PAHs were detected in five of the seven 
Siltronic soil samples analyzed.  The highest PAH concentrations were detected at RP-11-216 (7.5 to 
8 feet bgs) near the River and RP-21-150 (15 to 25 feet bgs; collected below the water table), both 
near what was historically an MGP waste management area, indicating the source of these PAHs are 
historical releases of MGP-related constituents.  

The suite of PAHs detected in MGP waste disposal areas at the Siltronic property and in former 
Doane Lake is significantly different from the PAHs detected in soil at the HA and IA on RP property.  
PAH concentrations in Siltronic soil were typically at least four times higher than in RP property soil, 
and the maximum naphthalene detection in Siltronic soil was three orders of magnitude higher than 
the maximum detection at the RP property.  PAH concentrations in soil above RSLs on properties 
other than Siltronic and the RP property were sporadic and isolated. 

HA:  The PAHs detected above RSLs in HA soil were detected at concentrations approximately ten 
times lower than the same PAHs in soil associated with MGP waste at the Siltronic property.  The 
PAHs detected at the highest concentrations in HA soil (i.e., benzo[b]fluoranthene, benzo[a]pyrene, 
benzo[a]anthracene, dibenz[a,h]anthracene, and indeno[1,2,3-cd]pyrene) were not consistent with the 
PAHs detected at the highest concentrations at Siltronic (i.e., naphthalene, phenanthrene, and 
pyrene).  PAHs detected above RSLs in HA soil (benzo[b]fluoranthene, benzo[a]pyrene, 
benzo[a]anthracene, dibenz[a,h]anthracene, and indeno[1,2,3-cd]pyrene) are limited to three borings 
surrounding the former maintenance shop (HA-05, HA-207, and HA-208) and may indicate isolated 
releases associated with historical vehicle or equipment maintenance activities.  Each of the RSL 
exceedances was detected within 10 feet of the ground surface.  The borings with RSL exceedances 
were surrounded by sampling locations where PAHs were not detected, and detections below RSLs 
were sporadic and isolated.   

IA: Detections of PAHs above RSLs in the IA were limited to four borings: IA-207 and IA-02 located 
along the eastern border of the IA, and IA-03 and IA-04 located near the easternmost railway line 
within the IA.  Benzo(a)pyrene was detected above the RSL in each of the four borings.  
Benzo(b)fluoranthene, dibenz(a,h)anthracene, and indeno(1,2,3-cd)pyrene were detected above the 
RSLs only in borings IA-03 and IA-04.  Two of these borings are located along a former railroad spur 
in the IA and two are located between the railroad spur and the Metro property line.  Each RSL 
exceedance was detected within 7 feet of the ground surface and was separated from the others by 
samples where PAHs were not detected or PAH concentrations were below RSLs.  These PAH 
detections are likely the result of aerial deposition from combustion of fossil fuels related to the 
railroad spur based on their proximity to the railroad tracks.  Other detections of PAHs in the IA were 
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likely low-level background concentrations and many samples in the IA had nondetectable 
concentrations of PAHs. 

LADD Area:  Benzo(a)pyrene was the only PAH detected above the RSL of 0.21 mg/kg in the LADD 
area.  Benzo(a)pyrene was detected slightly above the RSL at concentrations ranging from 0.21 
mg/kg to 0.268 mg/kg in the LADD area.  The detections were typically surrounded by samples with 
benzo(a)pyrene results below the RSLs or below detection limits.    

Former Doane Lake Area and Other Properties: PAHs were detected in soil at concentrations above 
the RSLs in one boring near the northern boundary with BNSF property and former WDL, and in three 
borings near the eastern and southern boundaries with the ESCO and NL/Gould properties.  The 
highest soil PAH concentration detected in the multi-source former Doane Lake was naphthalene 
detected at 19.7 mg/kg at 8 feet bgs in boring LA-203, located near the ESCO property.  This is the 
only location in the former Doane Lake area where naphthalene was detected above the RSL of 18 
mg/kg.  The location of LA-203 coincides with the edge of former Doane Lake, which was filled with 
material from the surrounding properties in the 1950s through 1970s.  The fill material may be the 
source of the naphthalene encountered at depth at that location.  The depth is consistent with other 
PAHs identified on the Siltronic property.  The remaining PAH concentrations in the former Doane 
Lake area were considerably lower than the LA-203 naphthalene concentration. 

Lower concentrations of PAHs were detected on the BNSF, ESCO, and Arkema sites.  The maximum 
PAH concentration detected in soil from these three properties was pyrene at 3.9 mg/kg in Beach-02 
at 1.5 to 2 feet bgs on the BNSF property.  Fuel storage, distribution, use in boilers or furnaces, 
railroad operations, and vehicle maintenance activities are potential sources of PAHs in the industrial 
properties surrounding the RP property.   

A total of 623 groundwater samples from monitoring wells were analyzed for PAHs.  Groundwater 
samples were also collected from soil borings.  Groundwater samples were collected from monitoring 
wells and soil borings in the RP property vicinity.  Groundwater data from monitoring wells and soil 
borings indicate similar trends.  The discussion in this section is limited to groundwater data from 
monitoring wells because they are more representative of groundwater conditions. 

Groundwater 

Detection frequencies in groundwater samples ranged from less than 1% for dibenz(a,h)anthracene 
and indeno(1,2,3-cd)pyrene to 13% for naphthalene.  PAH detections in groundwater beneath the RP 
property are spatially isolated.  Naphthalene was the only PAH detected above the RSL in monitoring 
well samples on the RP property.  The highest off-site PAH concentrations were identified on the 
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Siltronic property and on BNSF property downgradient of NDL near the NDP.  The groundwater data 
distribution shows that former MGP waste areas are the predominant source of PAHs in groundwater 
north of BNSF tracks.   

HA: Naphthalene was the only PAH detected in groundwater samples from the HA.  Napthalene was 
detected above the RSL of 1.4E-04 mg/L in one sample from the Artificial Fill (0.017 mg/L), several 
samples from the Fine-Grained Alluvium (ranging from 2.0E-04 mg/L to 0.08 mg/L), and in one CRBG 
sample (0.004 mg/L).  Naphthalene was detected in one Artificial Fill sample and several wells in the 
Fine-Grained Alluvium in the far northern area of the HA.  Naphthalene also was detected in the Fine-
Grained Alluvium in wells near the former maintenance shop in the northwestern part of the property, 
and may originate from small, localized releases associated with maintenance activities.  Naphthalene 
was not detected in wells surrounding the detections in the Fine-Grained Alluvium.  The naphthalene 
detection in the CRBG is located adjacent to the southern boundary of the HA and is likely associated 
with an upgradient, off-site source.  The Jinkz service station located across Highway 30 and 
upgradient of the HA may be the source of PAHs in groundwater at the southern edge of the HA.  
DEQ LUST records for the gas station document discovery of soil containing petroleum hydrocarbons 
in 2000 during sewer construction along Highway 30, upgradient of the RP property.  Approximately 
500 cubic yards of fuel-contaminated soil were removed and PAHs, TPH, diesel, heavy oil, gasoline, 
and BTEX were detected in groundwater.  DEQ records state that it is likely that significant soil 
contamination above health-based screening levels remains beneath and adjacent to Highway 30 
(DEQ, 2010i), and this contamination is likely an ongoing source of naphthalene and other 
constituents to groundwater upgradient from the RP property. 

IA: The only PAH detected in groundwater in the IA was benzo(g,h,i)perylene, detected at 0.025 mg/L 
in the Fine-Grained Alluvium in PP-03, located at the eastern boundary of the IA.  The sample from 
PP-03 was collected in 1982 and analyzed by 8270M.  PP-03 was not sampled again, therefore the 
isolated benzo(g,h,i)perylene detection has not been confirmed.  No RSL has been published for 
benzo(g,h,i)perylene. 

Former Doane Lake/LADD Area:  Naphthalene was the only PAH reportedly detected above the RSL 
in groundwater samples from former Doane Lake, although it is unclear whether and to what degree 
the naphthalene detections are actually related to presence of monochlorophenols.  The RSL for 
naphthalene (1.4E-04 mg/L) is less than or near the detection limit for standard analysis by EPA 
Methods 8270C and 8260B; therefore, any detection of naphthalene will result in an exceedance of 
the RSL.  Naphthalene was reportedly detected at up to 0.02 mg/L in groundwater at the former 
Doane Lake area, with the majority of the exceedances detected in the Alluvial-Colluvial Gravel.  
Naphthalene detections in the Artificial Fill and Fine-Grained Alluvium are at concentrations near the 
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detection limit and are spatially isolated and surrounded by samples in which naphthalene was not 
detected (Figures F-0484 and F-0485). 

Other Properties: PAHs were detected above RSLs on most of the properties in the vicinity of the RP 
property.  The highest PAH concentration in groundwater from the vicinity properties (naphthalene at 
290 mg/L [J qualified]) was detected in the Fine-Grained Alluvium in PZ-03-40W near the NDP.  MGP-
related NAPL present at this location is the source of naphthalene.  The groundwater data distribution 
shows that former MGP waste areas are the predominant source of PAHs in groundwater north of 
BNSF tracks.   

PAHs were detected above RSLs in groundwater samples from 23 monitoring wells on the Siltronic 
property, from all hydrostratigraphic units.  The maximum PAH detection at Siltronic was naphthalene 
at 12.6 mg/L detected in the Artificial Fill in MW-06-S(31) in the upgradient portion of the property, 
near the well where NAPL was observed.  PAH detections on the Siltronic property are attributed to 
former Gasco operations.    

The majority of the PAH exceedances on the ESCO property were detected in the Artificial Fill 
samples.  The maximum PAH concentration detected at ESCO was chrysene at 0.008 mg/L in W-12-
W(20).  The ESCO landfill is an unlined landfill that received non-recyclable wastes from ESCO’s off-
site foundry operations from 1957 until 1979 (ESCO, 2008).  Based on known characteristics of the 
waste placed in the landfill, the site is also a potential source of total phenolics, phenol, naphthalene 
and other PAH compounds as well as a number of metals. 

Naphthalene was the only PAH detected above the RSL in groundwater samples from the Schnitzer 
and Metro properties.  Naphthalene was detected above the RSL in samples from two wells 
immediately adjacent to each other and to N.W. Front Avenue, at concentrations of 0.002J mg/L and 
0.011 mg/L.  Naphthalene was detected above the RSL in one groundwater sample from the Artificial 
Fill at the Metro property, at a concentration of 4.5E-04 (estimated) mg/L.  The naphthalene detected 
on the Metro and Schnitzer properties are likely the result of truck traffic or other operations, or may 
be associated with fuel storage on the Kinder Morgan/Willbridge Site located to the south of these 
properties.  In addition, the degree to which reported naphthalene results are related to interferences 
from the presence of monochlorophenols is currently unclear, and distribution of low-level 
naphthalene concentrations in environmental media on the RP property and vicinity properties may be 
more limited than current data suggest. 

PAHs were not detected significantly above RSLs in groundwater samples collected by StarLink from 
the Arkema property or wells located along N.W. Front Avenue.  Naphthalene was detected at 2.2E-
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04 in the Artificial Fill in RP-10-30 and at 2.4E-04 mg/L in the Fine-Grained Alluvium RP-10-60 located 
on Arkema Lot 2 near N.W. Front Avenue. 

The majority of low-level PAH detections in groundwater at the RP property and vicinity area are likely 
the result of generalized industrial background.  The detections of higher PAH levels in groundwater 
near the west side of the IA are a result of migration from the upgradient Jinkz gas service station 
west of Highway 30.  Isolated detections of slightly higher PAH concentrations in the Fine-Grained 
Alluvium beneath the HA may be a result of leaching from isolated releases in the HA, although PAHs 
in soil are generally strongly adsorbed to soil.  The detections in soil in the HA are minor relative to the 
detections in soil on the Siltronic property related to the former Gasco MGP operations.  Higher levels 
in groundwater on the Siltronic property are also the result of sources related to historical operations 
and waste management practices at Gasco. 

Sediment and surface water samples were collected from NDL, former WDL, and the NDP for 
analysis of PAHs.  PAHs were detected in sediment and surface water from each location, with the 
highest detections in NDL.  PAHs detected in the NDP and NDL samples are associated with 
historical MGP operations on the Siltronic and BNSF properties and impacted runoff from Highway 30.  
The PAH detections in former WDL are likely the result of PAH contamination from fill material and 
River dredge material historically placed in Doane Lake.  Historical documentation and aerial 
photographs suggest that there was a hydraulic connection between early configurations of NDL and 
former Doane Lake through the railroad embankment in and prior to the 1960s. 

Lake Sediment/Surface Water 

Former WDL: A range of PAHs were detected in former WDL sediment.  Naphthalene, fluoranthene, 
and 2-methylnaphthalene were among the PAHs detected at the highest concentrations.  The highest 
PAH concentrations typically were detected in the southern portion of former WDL, with a reported 
maximum PAH concentration of naphthalene at 26 mg/kg in W007 at the southern end of former 
WDL.  Chlorinated phenols are also present at higher concentrations in the southern portion of former 
WDL, and it is unclear whether and to what degree the reported naphthalene concentrations in 
sediment samples from this area are related to interferences from a monochlorophenol.  PAH 
concentrations in former WDL sediment typically were lower than in NDL sediment.   

Three surface water samples were collected from former WDL for analysis of PAHs.  Anthracene and 
fluoranthene were the only PAHs detected, and the detected concentrations of these constituents did 
not exceed their respective SCE SLVs. 
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NDL: The highest PAH concentrations in lake sediment were detected in samples from NDL.  
Naphthalene, acenaphthene, pyrene, and fluoranthene were among the PAHs detected at the highest 
concentrations in NDL sediment.  These PAHs are consistent with MGP waste.  The highest PAH 
concentrations typically were detected in NDL-104-S and NDL-10S located on the northern side of 
NDL near the Siltronic property where historical MGP operations and waste disposal occurred.   

Eleven surface water samples were collected from NDL for analysis of PAHs.  The maximum PAH 
detected in NDL surface water was naphthalene at 3.2E-04 mg/L, slightly above the SLV of 1.4E-04 
mg/L.  Acenaphthene was also detected in NDL surface water, but at very low levels (less than 5.0E-
05 mg/L).  Naphthalene and acenaphthene were not detected in former WDL surface water samples.  
Anthracene and fluoranthene, which were detected in former WDL surface water samples, were not 
detected in NDL surface water samples.  The PAH constituents in NDL are consistent with MGP 
waste, and potentially urban runoff from Highway 30.   

NDP: A range of PAHs was detected in each of the three sediment samples collected from the NDP 
located near the Siltronic property where historical MGP operations and waste disposal occurred.  
The highest concentrations were detected in NDP-101-S located just nearest the outlet to the City 
Outfall 22C storm sewer system.  Fluoranthene, pyrene, and acenaphthene were among the PAHs 
detected at the highest concentrations in NDP sediment.  The maximum PAH concentration in 
sediment from the NDP was fluoranthene at 39.4 mg/kg.   

Three surface water samples and two seep samples were collected from the NDP for analysis of 
PAHs.  The maximum PAH concentration detected was acenaphthene at 0.069 mg/L.  PAHs have 
also been detected in Doane Creek sediment at up 0.249 mg/kg and surface water at up to 0.386 
mg/L (HAI, 2006), and are consistent with MGP waste.  PAHs were also detected in an upgradient 
sediment trap sample and stormwater sample from a portion of City Outfall 22C to the west of 
Highway 30 (LWG, 2008).  The upgradient sediment trap sample contained a number of PAHs, 
including benzo(a)anthracene (0.025 mg/kg), benzo(a)pyrene (0.028 mg/kg), benzo(b)fluoranthene 
(0.036 mg/kg), benzo(k)fluoranthene (0.014 mg/kg), and others.  Benzo(a)anthracene, 
benzo(b)fluoranthene, fluoranthene, and pyrene were detected in the upgradient Outfall 22C sample, 
ranging from 4.1E-06 mg/L to 6.6E-06 mg/L.  These results indicate that the NDP is strongly 
influenced by urban runoff as well as the groundwater contamination due to historical MGP operations 
on Siltronic property.  

A total of sixteen fish tissue samples and one bullfrog tissue sample collected from NDL in June 2006 
were analyzed for PAHs.  PAHs were detected in each of the tissue samples.  The PAHs detected 

Biota 
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most consistently in tissue samples from different species were acenaphthene, fluorene, fluoranthene, 
naphthalene, and phenanthrene.  This range of PAH constituents corresponds to the PAHs detected 
at the highest concentrations in media impacted by MGP waste at the Siltronic property.  Historical 
records indicate that MGP waste from the former Gasco facility was placed in NDL (Appendix L).  The 
presence of PAHs in NDL sediment and biota consistent with those detected at high levels at Siltronic, 
but at lower levels at the RP property, demonstrates that the MGP waste is the source of the PAHs in 
NDL.   

To provide context for the fish tissue PAH results, a comparison of common carp tissue samples from 
NDL with common carp tissue samples collected from Portland Harbor by the LWG shows higher 
PAH concentrations in Portland Harbor tissue samples.  PAHs detected in tissue samples from 
Portland Harbor consisted of 2-methylnaphthalene at a maximum concentration of 0.038 mg/kg, 
acenaphthene at a maximum concentration of 0.5 mg/kg, fluorene at a maximum concentration of 
0.053 mg/kg, and naphthalene at a maximum concentration of 0.5 mg/kg.  Concentrations of each of 
the PAHs detected in Portland Harbor fish tissue exceed concentrations detected in fish tissue from 
NDL by at least an order of magnitude.  Although not directly comparable, in the DEQ’s Acceptable 
Tissue Levels (ATLs) for human consumption of fish/shellfish for which PAHs are presented, the ATL 
for fluoranthene in fish consumed by humans was 160 mg/kg for the general/recreational group and 
20 mg/kg for the subsistence/tribal group.  Although PAHs were detected in NDL biota samples, the 
concentrations were 4 to 5 orders of magnitude less than the ATLs and were one order of magnitude 
less than those detected in biota samples from the River. 

PAHs were analyzed in non-stormwater samples collected from the City Outfall 22B storm sewer 
system in August 2002, September 2004, December 2006, February and October 2007, and February 
and June 2008.  PAHs were analyzed in sediment cleanout samples collected from the City Outfall 
22B system in November 2006 and September and October 2009 (Section 5.3).   

Stormwater/Non-Stormwater and Storm Sewer Sediment Samples 

PAHs were analyzed at City Outfall 22C in four non-stormwater samples collected in August 2002, 
November 2003, September 2004, and July 2009, and in one stormwater sample collected in 
December 2003.  Stormwater and non-stormwater data from City Outfall 22C are screened against 
SLVs (human health and ecological) as part of the SCE in Section 16.   

Sample locations and distributions of selected PAHs are presented in Appendix F Figures F-1128, F-
1129, F1131 and F-1132.   
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The City Outfall 22B IRAM effectively eliminates infiltration of groundwater into the City Outfall 22B 
storm sewer system and therefore eliminates potential discharge of RP-related constituents to the 
outfall.  Multiple PAHs were detected in non-stormwater samples from the City Outfall 22B storm 
sewer system, consistent with mixed petrogenic and pyrogenic sources that could have impacted 
River dredge material used as fill in the storm sewer vicinity.  This is in contrast to PAH detections in 
historical operations areas at the HA and IA at the RP property, where only naphthalene and 
dibenz(a,h)anthracene were detected in groundwater.  Although there are no clear trends in PAHs 
detections, generally a wider range of PAHs compounds and higher PAH concentrations have 
historically been detected at the outfall and manholes MH-5 and MH-6 near the north end of NW Front 
Avenue.  Several PAHs including naphthalene were detected above the SCE SLV in non-stormwater 
samples collected from the City Outfall 22B system.  Naphthalene concentrations greater than typical 
urban runoff (0.005 mg/L; (EPA, 2003c) were only detected in three non-stormwater samples 
collected in October 2007.   

City Outfall 22B 

Several PAHs were detected in each of the two cleanout samples collected in 2006.  Sample IDW-
271, collected from sediment between MH-5 and the outfall, had generally slightly higher 
concentrations PAHs than sample IDW-270, collected from sediment between MH-10 and MH-5.  
Multiple PAHs were detected in each of the cleanout sediment samples collected from the City Outfall 
22B system in 2009.  PAH concentrations were generally highest in samples collected from the City 
and Schnitzer portions of the system and lowest in the sample collected from the NL/Gould portion of 
the system.  PAH concentrations in storm sewer cleanout sediment do not necessarily correlate 
directly with PAH concentrations in non-stormwater, likely due to differential sediment settlement 
within the system.   

Multiple PAHs have been detected in one or more of the stormwater and non-stormwater samples at 
concentrations above SCE SLVs.  Fewer PAHs at lower concentrations were detected in the one 
stormwater sample than in the four non-stormwater samples.  Naphthalene detections in City Outfall 
22C ranged from 6.88E-04 to 0.004 mg/L in the non-stormwater samples.  These concentrations are 
consistent with published values for urban runoff (EPA, 2003c).  Naphthalene was not detected in the 
stormwater sample.  

City Outfall 22C 
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8.5.3.5 Fate and Transport of PAHs in Environmental Media in the RP Property and 
Vicinity 

PAH detections at the RP property are sporadic, isolated, and limited in extent and are not migrating 
downgradient.  Several low and high molecular weight PAHs were detected sporadically in soil on the 
RP property; however, only low-molecular weight PAHs were detected in groundwater on RP 
property.  The absence of high-molecular weight PAHs in groundwater demonstrates their relative 
immobility and the low potential for off-site migration.  Naphthalene is the most frequently reported 
PAH in RP property groundwater, and is the only PAH detected in groundwater in the HA.  
Naphthalene in the HA may be associated with use of certain petroleum-based solvents in pesticide 
formulation, fuel use on the RP property, and potentially by migration of naphthalene in groundwater 
from upgradient of the RP property from the documented releases from at the former Jinkz gasoline 
service station site to the west of Highway 30.   

In addition, the degree to which reported naphthalene results are related to interferences from the 
presence of monochlorophenols is currently unclear, and naphthalene concentrations and distribution 
in environmental media on the RP property may be more limited than current data suggest.  If low-
molecular weight PAHs have, however, leached from soils at the RP property into groundwater, they 
have not significantly migrated off-property, as PAH results from groundwater samples downgradient 
of on-site PAH detections are either below detection limits or below the RSLs.  

PAHs detected at the highest concentrations in NDL sediment and surface water (i.e., naphthalene, 
acenaphthene) are consistent with those detected in areas impacted by MGP waste at the Siltronic 
property.  Acenaphthene and possibly naphthalene were detected at lower concentrations in former 
operations areas at the RP property.  The PAHs detected at the highest concentrations in former 
operations areas at RP (i.e., benzo(b)fluoranthene, benzo(a)pyrene, benzo(a)anthracene, 
dibenz(a,h)anthracene, and indeno(1,2,3-cd)pyrene) were detected at lower concentrations than other 
PAHs in NDL sediment, and were not detected in NDL surface water. 

Multiple historical local sources of PAHs have been identified in the vicinity of the RP property, 
including Gasco MGP operations, placement of potentially impacted dredge materials, BNSF railroad 
operations, Highway 30, and various other industrial and fuel-related operations.  The off-property 
PAH impacts identified in soil and groundwater are most likely associated with sources other than the 
RP property.  Potential releases to soil at the RP property may have resulted in relatively minor PAH 
contamination in soils in the HA and IA, but they are not the source of PAH contamination in other 
media in the vicinity of the RP property.  Multiple sources contributed to the fill material in former 
Doane Lake, with implications for PAH detections in various media in the area, and the Gasco MGP 
has contributed significantly to PAH contamination in the area.  Additionally, as various studies 
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suggest, PAHs are so ubiquitous in the environment that aside from isolated detections primarily in 
the areas of the former Gasco MGP, detections in the area of the RP property may be a reflection of 
industrial urban/background levels. 

8.5.3.6 Summary of Transport Pathways 

The potential pathways for receptors to come into contact with RP-related constituents are 
groundwater, soil in the former Doane Lake and former WDL areas, NDL/NDP, the HDD, City Outfall 
22B, and City Outfall 22C.  The potential for transport of PAHs along each of these pathways is 
described below. 

Benzo(g,h,i)perylene and possibly naphthalene were the only PAHs detected in the former RP 
operation areas in the HA and IA.  The detections were below RSLs and spatially limited.  PAHs were 
detected more frequently in the former Doane Lake area and LADD area associated with MGP waste 
from the Siltronic property.  Data indicate that the low-level PAH impacts on the RP property are not 
acting as a significant source of off-site groundwater impacts.  PAHs were detected more frequently 
and at higher concentrations in groundwater samples from the Siltronic property and near the NDP.  
Historical MGP operations on the Siltronic and BNSF properties are the primary sources of PAH 
impacts to groundwater in the RP property vicinity. 

Groundwater 

Former WDL:  PAHs detected in surface water and sediment samples from former WDL are likely 
associated operations at the NL/Gould site, impacts from Highway 30 runoff, and impacts from 
railroad operations on the adjacent BNSF tracks.  PAHs do not readily mobilize from sediment to 
water.  Analytical data show that PAHs were detected in the majority of sediment samples collected 
from former WDL, but were not identified at significant concentrations in former WDL surface water 
samples.  PAH impacts to former WDL sediment were not significantly impacting surface water, were 
not connected to the River through former WDL, and do not show mobilization to groundwater.   

Stormwater, Surface Water, and Sediment 

NDL/NDP:  PAHs detected in surface water and sediment samples from NDL/NDP are likely 
associated with historical MGP operations on the Siltronic and BNSF properties, impacts from 
Highway 30 runoff, and impacts from railroad operations on the adjacent BNSF tracks.  Analytical 
data show that PAHs were detected in the majority of sediment samples collected from former NDL, 
but were not identified at significant concentrations in NDL surface water samples.  PAH impacts to 
NDL/NDP sediment are not significantly mobile, and are not likely to significantly impact groundwater 
or the River.   
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HDD:  PAH concentrations identified in soil in the HDD are within the same low-level range as those 
identified in the adjacent Arkema and ESCO properties, and do not appear to be a significant potential 
source of PAHs to groundwater or the River.  Surface soil in the HDD is addressed in SCE Screening 
Section 16.9.   

Stormwater/Non-Stormwater City Outfall 22B and City Outfall 22C:  The low concentrations of PAHs 
detected in the City Outfall 22B storm sewer system are consistent with urban background and 
surface soil concentrations detected on the adjacent properties.  The low concentrations detected and 
the lack of a source or a direct pathway from the RP property indicate that the low-level PAH impacts 
detected on the RP property are not acting as a significant source to the stormwater conveyances, 
and are not likely to result in significant impacts to the River.   

The predominant sources of PAHs in the RP property vicinity are MGP waste at the Siltronic and 
BNSF properties associated with former Gasco operations.  Other sources of PAHs in the RP 
property and vicinity include the historical placement of soil and fill material in former Doane Lake, 
runoff from Highway 30 and BNSF railroad lines, and historical operations at the Koppers, NL/Gould, 
and Kinder Morgan/Willbridge properties.  PAH detections may also be associated with upgradient 
fueling operations at the Jinkz gasoline service station west of Highway 30 (Section 3.2.13).  

PAH Summary 

PAHs were not used in historical manufacturing or formulation operations at the RP property with the 
possible exception of PAHs in diesel used as a solvent in early herbicide manufacture.  Other 
potential PAH sources from historical operations on the RP property may include fuel storage and 
handling, fuel use in boilers or furnaces, vehicle maintenance activities, or the use of certain 
petroleum-based solvents in pesticide formulation.  There is no evidence of widespread distribution of 
significant concentrations of PAHs other than possibly naphthalene at the former RP property 
operations areas.  

PAHs were only detected sporadically at the RP property.  PAH concentrations above RSLs at the RP 
property were limited to three samples around the former vehicle maintenance building in the HA.  
PAHs on the RP property and in the off-site properties other than Siltronic generally fall within a low-
level range of concentrations that are likely representative of local industrial background levels.   

Data patterns indicate that PAHs in NAPL, soil, groundwater, lake sediment, and surface water in 
NDL and at the Siltronic property are associated with MGP waste and not with the RP property 
sources.  The highest concentrations of each PAH detected in soil were from the Siltronic property.  
The PAHs most frequently identified in soil in the RP RI dataset at concentrations above RSLs were:  
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● Benzo(a)anthracene (maximum of 91 mg/kg on Siltronic property and 3.82 mg/kg in the 
former Doane Lake area on RP property);  

● Benzo(a)pyrene (maximum of 99 mg/kg on Siltronic property and 6.94 mg/kg at the HA);  

● Benzo(b)fluoranthene (maximum of 58 mg/kg on Siltronic property and 11.11 mg/kg at the 
HA);  

● Benzo(k)fluoranthene (maximum of 65 mg/kg on Siltronic property and not detected above 
the RSL RP property); and  

● Naphthalene (maximum of 700 mg/kg on Siltronic property and 19.7 mg/kg in the LADD 
area on RP property).   

The groundwater data distribution shows that former MGP waste areas are the predominant source of 
PAHs in groundwater north of BNSF tracks.  Naphthalene was the only PAH detected in HA 
groundwater and benzo(g,h,i)perylene was the only PAH detected in IA groundwater.  A much wider 
range of PAHs was detected at the Siltronic property, near the BNSF railroad tracks, and in former 
Doane Lake.  PAH concentrations in these areas were up to four orders of magnitude higher than 
concentrations at the RP property and other vicinity properties.  The PAHs detected in HA and IA 
groundwater were limited to naphthalene, which could be a false positive result related to presence of 
monochlorinated phenols, and benzo(g,h,i)perylene, in contrast to the wider range of PAHs detected 
at properties between RP and the River.  PAH concentrations at the RP property were similar to those 
at other vicinity properties with the exception of higher concentrations at Siltronic and BNSF, and are 
likely representative of local background industrial levels.  PAHs were not detected in groundwater 
samples from Riverbank wells.  As discussed above, naphthalene detections on the RP property may 
be false positives related to interference from monochlorinated phenols. 

8.5.4 Phenols 
Phenols are a class of chemical compounds comprised of a hydroxyl group bonded directly to a 
benzene ring.  This class of compounds includes phenol, chlorinated phenols, cresols 
(methylphenols) and other alkyl-substituted phenols, and nitrophenols, along with a large number of 
other substituted phenols.  Due to their chemical properties, phenols are one of the most important 
classes of naturally occurring organic compounds, and are used in industrial processes to make 
plastics and as disinfectants in household cleaning products and in consumer products.  Phenols also 
are produced by the natural degradation of organic wastes. 

The major industrial uses of phenol involve its conversion to plastics or related materials.  Phenol is 
also a slimicide and general disinfectant (ATSDR, 2008d). 
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Approximately 700 soil samples were analyzed for phenols, and phenols were not detected in the 
majority of samples analyzed.  Detection frequency rates for phenols in soil ranged from 0.6% for 4-
methylphenol to 33.7% for 2,4-dichlorophenol.  Several chlorophenols and 2-methyl-4,6-dinitrophenol 
were detected above RSLs; however, RSL exceedances occurred in a limited number of samples 
located in the HA and the former Doane Lake area.  Phenols also were not detected in the majority of 
the approximately 1,100 groundwater samples analyzed.  Detection frequency rates for phenols in 
groundwater samples ranged from 0.4% for 2-nitrophenol to 40.6% for 4-chlorophenol.  A wide range 
of phenols were detected above RSLs in groundwater.  The highest phenol concentrations in 
groundwater were detected in the HA and the former Doane Lake area. 

Consistent with historical RP processes, chlorinated phenols are the most frequently detected phenols 
in the RP RI data set above screening levels.  They were primarily detected above the RSLs in RP 
property soils at the north end of the HA and the south end of former Doane Lake, near areas where 
they were historically associated with RP operations.  In groundwater, chlorinated phenols were 
detected most frequently and at the highest concentrations in the HA, with decreasing concentrations 
and/or results of not detected observed in downgradient monitoring wells.  Chlorinated phenols were 
not detected in groundwater from near-River wells, and were not detected above JSCS SLVs nearer 
the River than wells in the vicinity of N.W. Front Avenue and within the boundaries of former Doane 
Lake.  The only exception to this pattern occurs for pentachlorophenol in a few shallow River wells, 
and the source of the pentachlorophenol in these wells is likely to be placement of dredged materials 
containing wastes from the McCormick and Baxter Site.  Phenols appear to be subject to multiple 
natural attenuation processes, are likely to continue to attenuate and degrade, and are unlikely to 
represent a risk to the River.    

8.5.4.1 Physical Properties/Environmental Fate of Phenols 

Chlorinated phenols may be introduced into the environment either during their manufacture and use, 
or through degradation of other chemicals.  Chlorinated phenols were historically used in the 
manufacture of chlorinated acid herbicides.  The herbicides 2,4-D and 2,4,5-T can break down to form 
2,4-dichlorophenol.  Chlorinated phenols also may be formed as a result of the chlorination of humic 
matter or of natural carboxylic acids during the chlorination of municipal drinking water.   

Most chlorinated phenols and all of their sodium salts are soluble in water.  Solubility is greater for the 
lesser chlorinated phenols, and significantly less for the more highly chlorinated compounds.  Vapor 
pressures are low for the higher molecular weight chlorinated phenol compounds; however, lower 
molecular weight chlorinated phenols such as mono- and dichlorophenols can enter the atmosphere 
through volatilization.  In general, as the number of chlorine molecules increases there is a reduction 
in vapor pressure, an increase in boiling point, and a reduction in water solubility of the chlorinated 
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phenols.  Chlorinated phenols absorb to soil and to sediments at the bottom of lakes, rivers, or 
streams.  Low levels of chlorinated phenols in water, soil, or sediment are broken down by 
microorganisms and are removed from the environment within a few days or weeks (ATSDR, 1999a).   

Once released to the environment, chlorinated phenols are subject to a series of physical, chemical, 
and biological transformations.  Sorption, volatilization, degradation, and leaching are the primary 
processes governing their fate and transport.  The pH of water, soil, and sediment is a major factor 
affecting the fate and transport of chlorinated phenols in these media, since the degree to which the 
compounds ionize increases with increasing pH, and the chlorophenolate anions are the primary 
soluble species related to transport of phenols in groundwater.  Under neutral to acidic conditions, 
phenols are charge-neutral (un-ionized), and tend to adsorb to soils or other particulate materials.  
Other important environmental parameters influencing chlorinated phenol fate and transport 
processes include organic matter content and clay content in soil, sediment, and water, as chlorinated 
phenols are in general preferentially adsorbed to these soil constituents.  In groundwater at the RP 
property vicinity, the tendency for formation and agglomeration of iron precipitates constitutes a strong 
control on transport of chlorinated phenols.  Increased chlorination increases the tendency of these 
compounds to partition into sediments and lipids and to bioconcentrate.  Chlorinated phenols are 
subject to abiotic and biotic degradation and transformations; however, compounds containing 
chlorine in the meta positions (third position on the hydrocarbon ring) show greater resistance to 
microbial degradation (ATSDR, 1999a).  As discussed below, evidence at the RP property indicates 
that a variety of natural attenuation processes are likely active, as concentrations of chlorinated 
phenols decrease rapidly with distance from known source areas, and the distribution is limited to 
areas located nearer to the former plant area than North Front Avenue. 

Cresols, also known as methylphenols, are widely occurring natural and anthropogenic products.  
Cresols are ubiquitous in the environment; however, their concentrations remain low due to rapid 
removal rates in most environmental media.  In air, cresols degrade rapidly due to reactions with 
photochemically produced hydroxyl radicals.  Biodegradation is the dominant mechanism responsible 
for the fast breakdown of cresols in soil and water.  Cresols may persist in extremely oligotrophic 
waters, in those with limited microbial communities, or in anaerobic conditions. 

Experimental BCFs of 14.1 for o-cresol and 19.9 for m-cresol indicate that the isomers of cresol will 
not bioconcentrate in fish, aquatic organisms, humans, or other biological receptors to any significant 
extent due to the presence of multiple metabolic pathways that degrade phenolic compounds.  Similar 
to their behavior in soil, the isomeric cresols are not expected to adsorb to sediment and suspended 
organic matter, although the potential for this process exists (ATSDR, 1999a).  
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Nitrophenols are manufactured chemicals that do not occur naturally in the environment.  Most 
nitrophenols enter the environment during manufacturing and processing.  Nitrophenols are a 
breakdown product of organophosphorus pesticides including parathion and fluorodifen, and are 
formed in auto exhaust.  Nitrophenols readily degrade in surface waters but may be more persistent in 
soil and groundwater. 

8.5.4.2 Data 

Soil, sediment, groundwater, surface water, stormwater, biota, and NAPL at the RP property and 
vicinity have been sampled and analyzed for chlorinated phenols.  Chlorinated phenol analytical 
results are presented in Appendix C, in tables and Appendix F, in figures as indicated below. 

Data Sets 

● Soil:  Table C1-3; Figures F-0440 to F-0491 

● Sediment: Table C7-2; Figures F-1032 to F-1044 

● Groundwater (monitoring wells): Table C3-3; Figures F-0440 to F-0491 

● Groundwater (temporary borings): Table C2-2; Figures F-0760 to F-0772 

● Surface Water: Table C5-3; Figures F-0910 to F-0922 

● Stormwater and non-stormwater: Table C8-2; Figures F-1120- to F-1132 

● Storm sewer cleanout sediment: Table C10-3 

● Biota: Table C9-1 

● NAPL:  Table C4-2; Figures F-0844 to F-0853 

Phenol data in the RP RI data set are generally considered reliable.  The methods used for phenol 
analysis on samples collected from the RP property and vicinity were EPA Methods: 625, 8040, 
8040A, 8040M, 8041, 8270, 8270B, 8270C, 8270C-SIM, and EPTOX.   

Data Usability 

EPA Methods 8040, 8040A, 8040M, and 8041 use either a non-selective flame-ionization detector 
(FID) or electron-capture detector (ECD) to detect phenols.  Analyte identification is based solely on a 
target analyte’s retention time, and analysis on a second, dissimilar analytical column is required to 
confirm an analyte’s identification.  All of these methods are prone to coelution of target and nontarget 
analytes and non-specific interference in the analysis of underivatized analytes (EPA, 2007d).  The 
majority of the data collected from the RP property and vicinity and analyzed using 8040, 8040A, and 
8040M were not validated, leading to greater uncertainty in analyte identification and quantification. 
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In the standard EPA Method 625, 8270, 8270B, or 8270C analysis, the GC/MS is run in full scan 
mode, monitoring a range of mass to charge ratios.  These mass spectra can then be compared to a 
library of mass spectra to determine an analyte’s identity.  Full scan analysis is useful for identifying 
and quantifying a large range of analytes, but is prone to interference from unwanted ions that may 
obscure an analyte’s mass spectra.  Additionally, EPA Method 8270D states that the target analytes 
pentachlorophenol and 4-chloro-3-methylphenol may exhibit erratic chromatographic behavior, 
especially if the GC system is contaminated with high boiling materials (EPA, 2007d).  

Pentachlorophenol is relatively stable thermally and reactively, except when exposed to UV light.  
However, pentachlorophenol is subject to erratic chromatographic behavior, especially if the gas 
chromatography (GC) system is contaminated with high-boiling material.  Additionally, a number of 
substances interfere with pentachlorophenol measurement by GC including chloronaphthalenes, 
PCBs, and pesticides.  An evaluation of pentachlorophenol results in the RP data set that were 
analyzed by 8040 and 8270 methods indicates potential for interference in some but not cases where 
Method 8040 was used.  For example, pentachlorophenol was analyzed in a sample from MW-05-24 
(12-22.3 feet bgs) by Method 8041 in March 2000 with a result of 0.279 mg/L, and by Method 8270C 
in April 2004 with a similar result of 0.264 mg/L.  However, in October 2000 pentachlorophenol was 
analyzed in a sample from AL2-46 (40-46 feet bgs) by Method 8041 with a result of 0.107 mg/L and 
by Method 8270C with a result of 0.04 mg/L, a significant difference in method results from the 
sample sampling event.  Additionally, pentachlorophenol was analyzed in a sample from MW-11-24 
(12-22 feet bgs) in 1993 by Method 8040 with a result of 0.049 mg/L, but a result from MW-11-37 (25-
35 feet bgs) in August 2006 was 6.1E-04 mg/L (estimated).  While significant time passed between 
events in the last example, it is further evidence of potential conflict between results from these two 
methods and highlights the uncertainty of results obtained using the older, less reliable Method 8040.  
At DEQ’s request, all the SVOC data in the database is used in the RI evaluation; however, StarLink 
has little confidence in the reliability of the results obtained by Method 8040. 

In 8270C-SIM analysis, the GC/MS is run in the SIM mode, scanning for two to four specific ions per 
analyte.  Using SIM analysis, it is possible to achieve detection limits 10 to 100 times lower than 
detection limits from full scan analyses.  SIM analysis is also less prone to matrix interference 
because unwanted ions are filtered out during analysis.  However, SIM analysis is generally used for 
limited analyte lists since a large analyte list would require scanning for a large number of ions, which 
would minimize or negate the advantages of SIM analysis.  It is not possible to inspect an analyte’s 
full mass spectra when it is analyzed using SIM analysis, and there is potential for substances with ion 
profiles similar to target analytes to be misidentified as target analytes. 



 

AMEC Earth & Environmental, Inc. 
Project No.:  0-61M-107030/Phase 0104/T6 241 
K:\10000\10700\10703\0100 RI-FS-ROD\0104 RI Report\Draft RI\RI-SCE Report.Docx 

8.5.4.3 Sources of Phenols in the RP Property Vicinity 

The presence of chlorinated phenols within the RP source areas is associated with former herbicide 
manufacturing operations or management of herbicide manufacturing wastes (Table 2-C).  

RP Source Areas 

2,4-Dichlorophenol was produced at the RP plant by chlorination of phenol for use in the manufacture 
of 2,4-D.  This process was controlled to the degree possible to maximize yield of the 2,4-
dichlorophenol isomer, and minimize produce of other chlorinated phenol isomers.  It is known that a 
range of mono, di, tri, tetra and penta-substituted chlorinated phenols were produced as undesired 
byproducts during production of 2,4-dichlorophenol.  These other isomers are detected in 
environmental media at the RP property vicinity, generally in association with one another, and share 
the same overall distribution.  Pentachlorophenol is also present in many areas where no other 
chlorinated phenols are detected, and the presence of pentachlorophenol without detection of the 
other chlorinated phenols is indicative of pentachlorophenol from sources unrelated to RP operations.  

Cresols and nonhalogenated phenols have been identified as COIs at the Siltronic property 
associated with historical Gasco MGP operations and waste disposal areas. 

Gasco Site 

Chlorinated phenol impacts to soil and groundwater may result from historical herbicide or pesticide 
application at the RP property and surrounding areas.  The herbicides 2,4-D and 2,4,5-T can degrade 
to form 2,4-dichlorophenol. 

Herbicide Application 

River dredge spoils have been used as fill material in the RP vicinity along the River, including the 
Siltronic and Arkema properties.  COIs including chlorinated phenols related to operations at the 
McCormick and Baxter Site were likely deposited in upland areas as a result of the use of impacted 
dredge materials as fill, as supported by the detections of pentachlorophenol and pentachlorophenol-
related PCDDs/PCDFs in shallow soil and groundwater near the River on the Siltronic property.   

Dredge Materials 

8.5.4.4 Nature and Extent of Phenols in Environmental Media in the RP Property 
Vicinity 

Detections of phenols other than chlorinated phenols were infrequent and low-level in the RP RI data 
set samples.  The discussion in this section focuses on chlorinated phenols due to their greater 
detection frequency and generally higher concentrations than other phenol compounds in the RI data 
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set.  A review of the data for other phenols related to historical RP operations shows that they follow 
the same trends in distribution noted for chlorinated phenols.  Phenols present in areas that differ from 
those where chlorinated phenols are located are related to sources other than RP. 

Detections of chlorophenols in soil occur primarily in the northern portion of the HA area where they 
were manufactured or handled for use in herbicide manufacturing, and in some instances in the 
southern area of former Doane Lake, consistent with documented waste management practices.  
Isolated detections of chlorinated phenols occurred on the Schnitzer property, but the detections were 
orders of magnitude below the RSLs.  This distribution is consistent with the known properties of 
chlorinated phenols, including the strong tendency to adsorb to soils and the degradability of 
chlorinated phenols in soil; distribution demonstrates phenols have not migrated some 40 – 50 years 
after their likely release date. 

The number of RP RI data set soil samples analyzed for each individual phenol compound varies 
widely based on laboratory capabilities and analyte lists.  However, a core group of 13 phenols were 
analyzed in more than 500 soil samples.  Chlorinated phenol concentrations in the majority of soil 
samples in the RP RI data set were either nondetectable or below RSLs (Table E-1).  Only 2,4-
dichlorophenol, 2,4,6-trichlorophenol, and pentachlorophenol were detected above RSLs in soil 
samples from the RP RI data set, and they were detected in limited sample locations in the northern 
portion of the HA, the southern portion of former Doane Lake, and near the LADD.  Overall, 
chlorinated phenols in soils at the RP source areas are localized in the northern end of the HA and the 
southern portion of former Doane Lake near the HA.  Low-level detections of chlorinated phenols, 
orders of magnitude below the RSLs, were sporadically detected in the IA, generally near the rail 
spurs.  There were isolated detections of chlorinated phenols in surface soils on the Schnitzer 
property (AREA-2EM, AREA-3EM, DVL, and DLW), but the detections were low levels, orders of 
magnitude below the RSLs.  As noted below, the soil samples from the 1980s and 1990s were 
analyzed by the Method 8040 series, which is a less reliable method than the Method 8270 series, 
and many of the earlier analytical results were not validated.  The low-level PAH detections may be 
false positive results.   

Soil  

NAPL Area:  NAPL samples were collected from five monitoring wells at the northeastern end of the 
HA, from piezometer PZ-03-40W located near the NDP on BNSF property, and from MW-04-41 
located in the LADD area on BNSF property.  Phenols were not detected in NAPL samples from the 
BNSF property, which is related to MGP wastes from the Gasco Site.  Chlorinated phenols were 
detected in NAPL samples from four monitoring wells in the HA.  Seven chlorinated phenol 

Source Area Soil 
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compounds were detected in MW-08-27, located in the former tank farm area at the northern end of 
the HA.  The highest chlorinated phenol concentration identified in MW-08-27 was 2-chlorophenol at 
6.3% (m/v).  Three compounds, 2,4-dichlorophenol, 2,4,5-trichlorophenol, and 2,4,6-trichlorophenol 
were detected in MW-05-34, located in the far northern corner of the HA, downgradient of MW-08-27.  
Phenol concentrations in MW-05-34 were lower than those observed in MW-08-27, with a maximum 
concentration of 1.3% (m/v) 2,4,5-trichlorophenol.  Refer to Section 8.2 for a detailed discussion of 
NAPL.  

HA: Chlorinated phenol detections above RSLs in soils from the HA are limited to three chlorinated 
phenols in seven samples localized in the far northern portion of the HA area:  2,4,6-trichlorophenol in 
T-10, T12 (sample collected below water table), HE-15, HA-01, and HA-203; 2,4-dichlorophenol in T-
11, HE-15, and HA-01; and pentachlorophenol in DB-01(sample collected below water table).  All but 
three of these results were collected in 1989 and 1991.  The 1989 and 1991 samples were analyzed 
by the less reliable Method 8040 and they have not been validated.   

The maximum chlorinated phenol concentration detected in the HA was 2,4-dichlorophenol at a 
concentration of 2,700 mg/kg at HE-15 (surface sample) in 1991 near the former 4-D building.  The 
maximum 2,4,6-trichlorophenol (TCP) concentration detected in the HA was 1,000 mg/kg, also at HE-
15 (surface sample) in 1991.  2,6-dichlorophenol and 2- and 4-chlorophenol were also detected at low 
levels in the 1991 HE-15 sample.  Pentachlorophenol was detected at a maximum of 15 mg/kg at DB-
01 (13.5-18.5 feet bgs, sample collected below water table) in 1991, also near the former 4-D building.  
2,4,6-TCP, 2,4- and 2,6-dichlorophenol, and 2- and 4-chlorophenol also were detected at low levels.  
Pentachlorophenol, 2,4,6-TCP, 2,4- and 2,6-dichlorophenol, and 2- and 4-chlorophenol (CP) were 
also detected at low levels in the 0-0.5 ft and 5-8.5 ft depths of DB-01, and all but pentachlorophenol 
were detected at low levels in the 8.5-13.5 ft depth from DB-01 in 1991. 

2,4,6-trichlorophenol, 2,4- and 2,6-dichlorophenol, and 2- and 4-chlorophenol were also detected in 
surface soil at HE-07, HE-13, and HE-15 in 1991.  2,4,6-TCP, 2,4- and 2,6-dichlorophenol, and 2- and 
4-CP also were detected at low levels in T-02 (up to 16 feet bgs), T-03 (up to 16 feet bgs), T-08 (up to 
21.5 feet bgs), T-10 (up to 21 feet bgs) in the HA in 1989.  These four samples were potentially 
collected below the water table.  Fewer numbers of chlorinated phenols were detected at the other 
soil profiles in the HA in 1989 and 1991.  Again, the 1989 and 1991 data were analyzed by the less 
reliable Method 8040 and were not validated. 

Samples collected in the HA from 1998 through 2003 were analyzed for chlorinated phenols by 
Methods 8040A (1998) and 8720C and 8720-SIM (2000, 2001, and 2003), and were validated.  In 
these data, pentachlorophenol was detected only at very low levels (maximum of 0.25 mg/kg), only in 
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the 2000 data, and inconsistently in the depth profiles in sampling locations.  For example, 
pentachlorophenol was detected at HA-01 (4-6 ft and 8-10 feet bgs), HA-02 at 16-18 feet bgs, HA-05 
at 0-0.5 feet bgs, HA-06 at 0-0.3 feet bgs, HA-17 at 9-10 feet bgs, and at HA-18 (3-4 ft and 9-10 feet 
bgs).  In general, three or more chlorinated phenol species were detected in most soil samples and 
depth intervals in the HA collected from 1998 to 2003, although at very low levels. 

LADD Area:  The detected 2,4,6-trichlorophenol concentrations exceeded the RSL in borings LADD-
103 (1 to 5 feet bgs) and LADD-102 (1 to 5 feet bgs).  2,4,5-TCP and 2,4-dichlorophenol were also 
detected at this depth interval in LADD-103, but at very low levels.  Between 0-1 feet bgs at LADD-
103, only 2,4-dichlorophenol was detected and at 5-10 feet bgs only 2,4-dichlorophenol and 2,4,6-
TCP were detected.  Several chlorinated phenols, including pentachlorophenol at 0.097 mg/kg at 3-5 
feet bgs, were also detected at very low levels in LA-12, located in the LADD area.   

IA:  Chlorinated phenols were not detected above RSLs in any of the approximately 144 IA soil 
samples analyzed.  Those detected below the RSLs consist of 2,4,5-trichlorophenol, 2,4,6-
trichlorophenol, 2,4-dichlorophenol, 2,6-dichlorophenol, 2-chlorophenol, 4-chlorophenol, 
tetrachlorophenols, and pentachlorophenol.  The maximum of these low-level detections was 12 
mg/kg 2,4-dichlorophenol (three orders of magnitude below the RSL), and most occurred near the two 
rail spurs in the IA.  Pentachlorophenol was only detected at IA-205 (surface sample) at 2.32 mg/kg in 
2001 and at IA-01 (0-0.5 feet bgs) at 0.031 mg/kg in 2000.  More than half of the detections resulted 
from analysis by less reliable Method 8040 on samples collected in 1993.  Unlike in samples in the HA 
and former Doane Lake, in general two or fewer chlorinated phenols were detected in samples in the 
IA.   

Non Source Area Soil 

Former Doane Lake and Other Properties: Chlorinated phenols were detected above RSLs in 4 out of 
approximately 148 former Doane Lake area soil samples analyzed.  Chlorinated phenol detections 
above RSLs in former Doane Lake consist of pentachlorophenol and 2,4,6-TCP in four samples:  both 
were detected at TR8-D at 10 feet bgs and LCB-02 at 8 - 10 feet bgs; pentachlorophenol was 
detected in BTB-3 at 0 - 0.5 feet bgs collected near the HA.  All samples were analyzed by the less 
reliable Method 8040 or 8040M, as were all the samples collected in the 1980s and 1990s.  The other 
chlorinated phenol detections may be associated with waste storage and herbicide production 
activities in the adjacent HA.  Analytical method notwithstanding, in general three or more chlorinated 
phenol species were detected in most soil samples and depth intervals, although at very low levels.  
Detections in former Doane Lake tend to decrease with distance from the HA.  This is an indication of 
limited transport of chlorinated phenols from manufacturing and handling areas in and near the HA 
due to degradation and natural attenuation processes. 
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At ESCO, the only chlorinated phenols detected were 2-CP and 2,4-dichlorophenol at RP-26-39 and 
2-CP at RP-26-112, all from 2009.  However, these samples were not shallow soil samples and were 
likely from below the water table, and these results were qualified as estimated and are not validated.  
At NL/Gould, 2-CP, 2,4-dichlorophenol, and/or 2,4,6-TCP were detected B-01, B-05, and B-06 in 
1992.  As at ESCO, these samples were not shallow soil samples and were likely from below the 
water table, and these results were not validated.  At Schnitzer, 4-CP, 2,4-dichlorophenol, 2,6-CP, 
2,4,6-TCP, and/or pentachlorophenol were detected in surface soil in 1997.  However, these samples 
were analyzed by the less reliable Methods 8040 and 8040A, and they were not validated. 

Approximately 1,100 groundwater samples were analyzed for one or more phenolic compounds.  2,4-
dichlorophenol was the chlorinated phenol detected most frequently, with detections in 34% of 
samples analyzed.  Groundwater samples were collected from monitoring wells and soil borings in the 
RP property vicinity.  Groundwater data from monitoring wells and soil borings indicate similar trends.  
The discussion in this section is limited to groundwater data from monitoring wells because they are 
more representative of groundwater conditions. 

Groundwater  

Chlorinated phenols were detected most frequently and at the highest concentrations in the northern 
area of the HA and southern and central area of former Doane Lake, with decreasing concentrations 
and/or results of not detected observed in downgradient monitoring wells.  Chlorinated phenol 
detections in samples collected downgradient of the RP property are sporadic, low level, and often 
one-time events, indicating that the area of continuous chlorinated phenol impacts to groundwater is 
localized in the HA near areas where they were historically manufactured and handled, and slightly 
downgradient in the southern area of former Doane Lake.  No chlorinated phenols are detected in any 
of the Riverbank wells in any of the geologic units.  In the rare instances where chlorinated phenols 
are detected beyond the northern portion of the HA and the southern portion of former Doane Lake 
(e.g., 2,4,6-TCP detections on northern ESCO property), the detections are low level and not 
continuous.  With respect to potential data quality issues, nearly 60% (722 of 1210) of the older 
chlorinated phenol detections in groundwater were analyzed by the less reliable methods with the 
possibly of false positives.  Many of the earlier results were also not validated.  However, at DEQ’s 
request, these data are included in the RI evaluation. 

HA: Chlorinated phenols were detected above RSLs in groundwater samples from the Fine-Grained 
Alluvium throughout the HA and from the Artificial Fill in the northern area of the HA.  The highest 
concentrations typically were detected in samples collected before 2000.  2,4-dichlorophenol was the 
chlorinated phenol historically detected at the highest concentration in HA groundwater.  2,4-
dichlorophenol was detected above the RSL of 0.11 mg/L in samples from the Artificial Fill in the 
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northern area of the HA and from the Fine-Grained Alluvium throughout the HA.  The maximum 2,4-
dichlorophenol concentration historically detected in the HA was 358 mg/L detected in the Fine-
Grained Alluvium in MW-03-49 located in the central area of the HA in 1989.  The maximum 2,4-
dichlorophenol concentration historically detected in HA Artificial Fill was 150 mg/L at MW-05-34 
located in the northeastern corner of the property.   

The highest chlorinated phenol detection in samples collected since 2000 was 2,4-dichlorophenol at 
104 mg/L in the Fine-Grained Alluvium in extraction well E located at the northern end of the HA.  2,4-
dichlorophenol concentrations have consistently decreased over time in groundwater samples in the 
HA.  This decreasing trend in 2,4-dichlorophenol concentrations is consistent with the degree of 
natural attenuation expected to occur for chlorinated phenols in environmental media.  Chlorinated 
phenols were not detected in CRBG samples from the HA. 

Chlorinated phenols generally were slightly above the RSLs or were not detected at the upgradient, 
southern end of the HA and along the upgradient, western HA boundary.  Much lower chlorinated 
phenol concentrations were detected in groundwater samples collected downgradient of the HA.   

Former Doane Lake/LADD Area: Chlorinated phenol concentrations above RSLs in groundwater from 
former Doane Lake and LADD area were localized in the western and southern areas, near the HA.  
The maximum chlorinated phenol concentration in former Doane Lake was 62 mg/L 4-dichlorophenol 
in the Fine-Grained Alluvium in monitoring well AL2-46, located at the southern end of former Doane 
Lake.  Chlorinated phenols were detected in two CRBG samples at a maximum concentration of 6.4 
mg/L for 4-chlorophenol in monitoring well BST5W-74 located at the southern edge of former Doane 
Lake.  Chlorinated phenol concentrations generally decreased to not detected in the northeastern 
portion of former Doane Lake, closest to the River.  Much lower chlorinated phenol concentrations 
were detected in downgradient groundwater samples, with the highest and most frequent detections 
occurring in samples from the Artificial Fill and Fine-Grained Alluvium in the LADD area 

IA: Pentachlorophenol and 2,4,6-TCP were the only chlorinated phenols detected above the RSLs in 
IA groundwater.  Pentachlorophenol was detected above the RSL of 0.006 mg/L in 4 out of 
approximately 70 IA groundwater samples.  2,4,6-TCP was detected above the RSL of 5.6E-04 mg/L 
in 4 out of approximately 70 samples analyzed.  Concentrations in the IA were far lower than in the 
HA and former Doane Lake, with a maximum detection of 0.485 mg/L for pentachlorophenol in MW-
11-24 located at the southern end of the IA.  Chlorinated phenols above the RSLs were only detected 
in groundwater samples collected from the Fine-Grained Alluvium in the IA.  The chlorinated phenols 
RSL exceedances in the IA are surrounded by results of not detected, indicating that these detections 
are spatially isolated.   
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Other Properties:  Chlorinated phenols were not detected downgradient of the LADD.  Chlorinated 
phenols were detected above the RSLs in groundwater samples from the NL/Gould property 
downgradient from the HA, at a maximum concentration of 0.85 mg/L of 2,4-dichlorophenol in the 
Fine-Grained Alluvium sample from GM-2-I, located in the central area of the NL/Gould property.  
Chlorinated phenols were not detected in the two Fine-Grained Alluvium samples from the Metro 
property. 

Isolated, low-level chlorinated phenol concentrations were detected in groundwater samples from the 
off-site properties further downgradient or cross gradient of the RP source areas.  RSL exceedances 
were detected in isolated samples on the City, Schnitzer, Siltronic, ESCO, and City properties.  The 
maximum chlorinated phenol concentration in these areas was 0.31 mg/L of 2,4-dichlorophenol 
detected in a Fine-Grained Alluvium sample from W-10-D(71) on the City property near the HDD.  The 
next highest concentration, 2,4,6-dichlorophenol at 0.014 mg/L, was detected in the Artificial Fill 
sample collected from W-16-31 on the Schnitzer property.  The low-level chlorinated phenols in these 
off-site and the isolated locations indicate that significant concentrations of chlorinated phenols are 
limited to the HA and its immediate vicinity.  

Phenol and non-chlorinated phenol compounds including 2-methylphenol, 3 & 4-methylphenol, and 
nitrophenols were detected above RSLs in groundwater samples collected from monitoring wells on 
the RP property and off-site properties.  In the HA, the majority of the RSL exceedances for phenols 
were identified in groundwater samples from the Fine-Grained Alluvium.  Other phenols were detected 
above RSLs in HA groundwater samples in the Artificial Fill.  These detections decreased steadily 
over time.  Phenols, for example, decreased from 13 mg/L in samples collected in 1989 to 0.472 mg/L 
in samples collected in 2005, consistent with the susceptibility of this constituent class to natural 
attenuation processes. 

A total of 91 lake sediment samples from former WDL, NDL, and the NDP were analyzed for phenols.  
Chlorinated phenols were detected in former WDL sediment and in one sediment sample from NDL at 
lower concentrations than in former WDL.  The only PAH with a soil/sediment SCE SLV is 
pentachlorophenol, with an SLV of 0.017 mg/kg.     

Lake Sediment/Surface Water 

Chlorinated phenol concentrations in sediment samples from former WDL generally are higher at the 
southern end of the lake, and decrease to the north.  The highest chlorinated phenol concentration 
detected in former WDL was 2,4-dichlorophenol at 718 mg/kg at 4 - 6 feet bgs in sample WDL-101-S 
located at the far southern end of the lake, where NAPL has been observed (Section 8.2).  
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Concentrations of 2,4-dichlorophenol in sediment samples from the northern end of former WDL 
ranged from 0.246 mg/kg (0.5 to 4 feet bgs) to 5.5 mg/kg (4 to 6 feet bgs).   

Low-level chlorinated phenol concentrations were detected in one sediment sample (NDL-4) from the 
far southern end of NDL.  The maximum chlorinated phenol concentration in this sample was 2,4,6-
trichlorophenol at 0.81 mg/kg.  No phenol compounds were detected in sediment samples from the 
NDP.  The lack of significant phenol in NDL sediment demonstrates the lack of connection to WDL, 
where much higher phenol concentrations were detected. 

A total of 26 surface water samples were collected from former WDL, NDL, and the NDP.  No phenols 
were detected in surface water samples at concentrations above the SCE SLVs.  The only chlorinated 
phenol detected in surface water samples from former WDL was 2,4-dichlorophenol, detected at 
concentrations ranging from 1.97E-04 mg/L to 2.5E-04 mg/L, well below the SLV of 0.029 mg/L.  The 
only phenol detected in surface water samples from NDL was 4-nitrophenol detected at 0.005 mg/L in 
sample NDL-4, collected in 1995, and no phenols were detected in surface water in the 2003 
sampling event.  No phenols were detected in surface water samples from the NDP.  The lack of 
phenol in NDL surface water demonstrates the lack of connection to WDL, where 2,4-dichlorophenol 
was detected. 

Laboratory data indicate fish in NDL generally do not show detectable levels of phenols.  A total of 17 
tissue samples were collected from NDL and submitted for analysis of phenols.  Detectable 
concentrations of phenols were identified in only two tissue samples from NDL.  Phenol was detected 
at 0.057 mg/kg (J qualified) in an adult large scale sucker tissue sample, and 4-chloro-3-methyphenol 
was detected at a concentration of 0.12 mg/kg in a tissue sample from a juvenile sunfish.  No phenols 
were detected in the common carp or brown bullhead samples from NDL, and phenol and 4-
nitrophenol were detected at low concentrations ranging from 0.012 mg/kg to 0.052 mg/kg in nine 
carp samples from Portland Harbor.  The source of phenols in fish tissue is unclear as low-level 
chlorinated phenol concentrations were detected in only one NDL sediment sample and one NDL 
surface water sample.   

Biota 

Phenols were analyzed in non-stormwater samples collected from the City Outfall 22B storm sewer 
system in April 1994, July 1995, August 2002, September 2004, December 2006, February and 
October 2007, and February and June 2008.  Phenols were analyzed in sediment cleanout samples 
collected from the City Outfall 22B system in November 2006 and September and October 2009 
(Section 5.3).   

Stormwater/Non-Stormwater and Storm Sewer Sediment Samples 
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Phenols were analyzed at City Outfall 22C in four non-stormwater samples collected in August 2002, 
November 2003, September 2004, and July 2009, and in one stormwater sample collected in 
December 2003.  Stormwater and non-stormwater data from City Outfall 22C are screened against 
SLVs (human health and ecological) as part of the SCE in Sections 16.7 and 16.8.   

Sample locations and distributions of selected phenols are represented in Appendix F Figures F1122 
through F1127.   

Multiple phenols, primarily chlorinated phenols, have been detected in the non-stormwater samples 
collected from the City Outfall 22B system.  The highest concentrations of chlorinated phenols were 
generally detected in manholes MH-5, MH-6, MH-9, and MH-10.  The highest concentrations typically 
were detected in samples collected before 2002, demonstrating that concentrations are decreasing 
over time. 

City Outfall 22B  

Several phenols including 2,4-dichlorophenol, 4-chlorophenol, and 3 & 4- methylphenol were detected 
in non-stormwater samples collected from the City Outfall 22B system at concentrations above the 
SCE SLVs during sampling events since 2002. 

No phenols were detected in samples ANF217 and ANF220 collected from a water seep and 
infiltration flowing into two catch basins along N.W. Front Avenue associated with the City Outfall 22B 
storm sewer system in February 2008 (Section 4.6).  No phenols were detected in the non-stormwater 
samples collected from NL/Gould MH-4 (prior to discharge to the City Outfall 22B storm sewer 
system) as part of an evaluation and repair of NL/Gould’s storm sewer system in February 2007 and 
February 2008.   

Phenols were not detected in either of the two sediment cleanout samples collected in 2006.  2,-4-
dichlorophenol and 4-methylphenol were the only phenols detected in the cleanout sediment samples 
collected from the City Outfall 22B system in 2009.  2,-4-dichlorophenol was only detected in the 
sample collected from Metro/Schnitzer portion of the system at an estimated concentration of 0.079 
mg/kg.  4-methyphenol was only detected in the sample collected from the City portion of the system 
at an estimated concentration of 0.27 mg/kg.     

No phenols were detected in any of the non-stormwater or stormwater samples collected from City 
Outfall 22C.   

City Outfall 22C 
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8.5.4.5 Fate and Transport of Phenols in Environmental Media in the RP Property 
Vicinity 

Chlorinated phenols degrade readily in soil and groundwater, and data indicate that concentrations 
drop significantly beyond the boundaries of the RP property and do not extend to the River.  The 
phenols detected in soil and groundwater at the RP property are likely associated with former 
pesticide manufacture on the HA and IA.   

8.5.4.6 Summary of Transport Pathways 

The potential pathways for receptors to come into contact with RP-related constituents are 
groundwater, soil in the former Doane Lake and former WDL areas, NDL/NDP, the HDD, City Outfall 
22B and City Outfall 22C.  The potential for transport of PAHs along each of these pathways is 
described below. 

Chlorinated phenols were detected in the HA.  However, chlorinated phenol concentrations decreased 
to low or nondetectable levels in off-site downgradient monitoring wells.  Chlorinated phenol 
detections in samples collected downgradient of the RP property boundary are sporadic and low level, 
indicating that the area of continuous chlorinated phenols impacts to groundwater is localized in the 
HA.  Concentrations detected in monitoring wells closest to the River were below RSLs. 

Groundwater 

Former WDL:  Chlorinated phenols detected in former WDL are most likely associated with historical 
insecticide and herbicide production and storage on the RP properties.  Chlorinated phenols were 
detected in the majority of sediment samples collected from former WDL, but were not identified at 
significant concentrations in former WDL surface water samples.  Chlorinated phenols in former WDL 
sediment did not represent a source of phenols to groundwater or to the River.   

Stormwater, Surface Water, and Sediment 

NDL/NDP:  Chlorinated phenol detections in sediment and surface water in NDL were spatially limited 
and did not exceed JSCS SLVs.  No chlorinated phenols were detected in sediment or surface water 
in the NDP.  Phenols were not detected in sediment and surface water in NDL/NDP.  Therefore, 
evidence indicates that NDL does not represent a current source of phenols from RP operations to the 
River, although Doane Creek may transport alkyl-substituted phenols from Gasco MGP wastes 
through City Outfall 22C to the River.   

HDD:  No phenols were detected in soil samples from the HDD.  
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Stormwater/Non-Stormwater City Outfall 22B:  Chlorinated phenols were detected at concentrations 
below the SCE SLVs in non-stormwater samples collected from the City Outfall 22B storm sewer 
system, indicating that these constituents may have infiltrated into the system from shallow 
groundwater.  However, upon completion of the City Outfall 22B IRAM, this potential migration 
pathway will be incomplete.  

Stormwater/Non-Stormwater City Outfall 22C:  No phenols were detected in any of the non-
stormwater or stormwater samples collected from City Outfall 22C.   

Consistent with historical RP processes, chlorinated phenols are the most frequently detected phenols 
in the RP data set above screening levels.  They were primarily detected above the RSLs in RP 
property soils at the north end of the HA and the south end of former Doane Lake, near areas where 
they were historically associated with RP operations.  In groundwater, chlorinated phenols were 
detected most frequently and at the highest concentrations in the HA, with decreasing concentrations 
and/or not detected in downgradient monitoring wells.  Chlorinated phenols were not detected in 
groundwater from near-River wells, and were not detected above JSCS SLVs nearer the River than 
wells in the vicinity of N.W. Front Avenue and within the boundaries of former Doane Lake.  The only 
exception to this pattern occurs for pentachlorophenol in a few shallow River wells, and the source of 
the pentachlorophenol in these wells is likely to be placement of dredged materials containing wastes 
from the McCormick and Baxter Site.  Phenols appear to be subject to multiple natural attenuation 
processes, are likely to continue to attenuate and degrade, and are unlikely to represent a source to 
the River. 

Phenols Summary 

8.5.5 Phthalates 
Phthalates are industrial chemicals that are added to plastics to impart flexibility and resilience and 
are often referred to as plasticizers.  Phthalates also are used as solubilizing or stabilizing agents in 
other applications.  There are numerous products that may contain phthalates: adhesives; automotive 
plastics; detergents; lubricating oils; some medical devices and pharmaceuticals; plastic raincoats; 
solvents; vinyl tiles and flooring; and personal-care products, such as soap, shampoo, deodorants, 
lotions, fragrances, hair spray, and nail polish.  Phthalates are often used in polyvinyl chloride (PVC) 
type plastics, such as plastic bags, garden hoses, inflatable recreational toys, blood product storage 
bags, intravenous medical tubing, and toys (CDC, 2010). 
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8.5.5.1 Physical Properties/Environmental Fate of Phthalates 

Because they are not chemically bound to the plastics to which they are added, phthalates can be 
released into the environment during use or disposal of the product.  Various phthalate esters have 
been measured in specific foods, indoor and ambient air, indoor dust, water sources, and sediments. 

Phthalates may enter the environment in industrial waste waters, air emissions, and solid wastes from 
manufacturing and processing operations, from evaporation of the compound from plastics, from the 
burning of plastic products, by leaking from plastics in landfills into soil or water, including 
groundwater, or by inadvertent release in stormwater or groundwater from other solid waste handling 
facilities.     

Phthalates adsorb strongly to soils and sediments and bioconcentrate in aquatic organisms.  
Biodegradation is expected to occur under aerobic conditions (CDC, 2010). 

8.5.5.2 Data 

Soil, sediment, groundwater, surface water, stormwater, biota, and NAPL at the RP property and 
vicinity have been sampled and analyzed for phthalates.  Phthalate analytical results are presented in 
Appendix C, in tables and Appendix F, in figures as indicated below. 

Data Sets 

● Soil:  Table C1-3; Figures F-0440 to F-0491 

● Sediment: Table C7-2; Figures F-1032 to F-1044 

● Groundwater (monitoring wells): Table C3-3; Figures F-0440 to F-0491 

● Groundwater (temporary borings): Table C2-2; Figures F-0760 to F-0772 

● Surface Water: Table C5-3; Figures F-0910 to F-0922 

● Stormwater and non-stormwater: Table C8-2; Figures F-1120- to F-1132 

● Storm sewer cleanout sediment: Table C10-3 

● Biota: Table C9-1 

● NAPL:  Table C4-2; Figures F-0844 to F-0853 

The methods used for phthalate analysis on samples collected from the RP property and vicinity were 
625, 8270 8270B, and 8270C.   

Data Usability 
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In the standard 8270 or 8270C analysis, the GC/MS is run in full scan mode, monitoring a range of 
mass to charge ratios.  These mass spectra can then be compared to a library of mass spectra to 
determine an analyte’s identity.  Full scan analysis is useful for identifying and quantifying a large 
range of analytes, but is prone to interference from unwanted ions that may obscure an analyte’s 
mass spectra.   

Phthalates contamination is ubiquitous and phthalate contamination may occur any time during 
sample collection, preparation, and analysis (Anliker, 1980).  Phthalates are present in many plastics, 
such as PVC, which may be used for well casings or well screens; the flexible tubing used to collect 
groundwater samples; and laboratory consumables such as laboratory gloves, pipette tips, and plastic 
syringes.  Phthalates may also be present as constituents in the solvents used for sample extraction.  
Phthalate contamination can also be introduced during sample analysis, from contaminated carrier 
gas used for GC analysis, from the GC’s septa, or from carryover from a previously analyzed sample 
containing elevated concentrations of target or nontarget constituents.  Phthalates are one of the most 
commonly encountered sources of blank contamination in laboratory analysis of environmental 
samples for SVOCs, and this problem is often exacerbated because the contamination may be 
contributed after a sample extract is diluted due to expected concentrations of other target 
constituents, resulting in an extremely high false positive result.  

8.5.5.3 Phthalate Sources in the RP Property Vicinity 

Phthalates were not employed in any process employed at the RP property.  Phthalates are 
ubiquitous in the environment due to their presence in plastics, and are known as a common 
laboratory contaminant.  They were not present in RP NAPL samples and there is no source of 
phthalates in the RP source areas.  Therefore RP is not a source of phthalates at the River.  
Phthalates were detected above the RSL in a groundwater sample collected upgradient of the RP 
property indicating potential laboratory contamination.  Sources of phthalates within the RP data set 
and throughout the former Doane Lake area include the Metro Transfer Station from household 
waste, Schnitzer from auto shedder fluff, NL/Gould from battery casings and plastic coated cables, 
common laboratory contamination, and fill material. 

The most significant source of phthalates in the RP property vicinity is the Metro Transfer Station, 
where phthalates from household waste are likely released on a routine basis.  Recent data collected 
on the Metro Transfer Station property verify the presence of phthalates in environmental media on 
the property. 

Metro Transfer Station 
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The northern portion of the Schnitzer property is currently vacant, but has historically been used for 
disposal of lime waste, auto fluff materials, and waste roofing materials (ALASG, 2009).  Plastic, 
rubber, and foam are common waste products in auto fluff material (EPA, 2010a), and plastics, 
rubber, and foam are common sources of phthalates. 

Schnitzer Site 

The NL/Gould property is adjacent to and east of the RP property, between the RP property and N.W. 
Front Ave.  The NL/Gould Site is a potential source of phthalates related to plastic battery casings and 
plastic coated cables. 

NL/Gould Site 

River dredge spoils have been used as fill material in the RP vicinity along the River, including the 
Siltronic and Arkema properties.  COIs including phthalates may have been deposited in upland areas 
as a result of the use of impacted dredge materials as fill (DEQ, 2010o).   

Dredge Materials 

8.5.5.4 Nature and Extent of Phthalates in Environmental Media in the RP Property 
Vicinity 

The RP property is not considered a source area for phthalates because phthalates were not used in 
historical manufacturing or formulation operations.  Phthalates are ubiquitous in the environment due 
to their presence in plastics, and are known as a common laboratory contaminant.  Phthalate 
detections in soil do not appear to follow a discernable distribution pattern, and no distinct soil source 
area is apparent (Appendix F, Figures F-124 through F-126).  The distribution of phthalates at the RP 
property and vicinity properties is provided in the Non-Source Area Soil section below. 

Source Area Soil 

Bis(2-ethylhexyl)phthalate (BEHP) was the most commonly detected phthalate, detected in soil 
samples from the HA, NPA, Arkema, BNSF, City, N.W. Front Avenue, Schnitzer, and Siltronic 
properties.  The maximum phthalate concentration detected was 3.02 mg/kg BEHP in former Doane 
Lake, however concentrations greater than 1 mg/kg also were reported in samples from the HA, 
Schnitzer, and BNSF properties.  Each of the phthalate concentrations detected in soil is far below the 
RSL of 120 mg/kg.  It is unclear whether these reported detections represent actual presence of 
phthalates in environmental media, or are the result of laboratory contamination that occurred after a 
sample extract had been diluted.  Phthalates were not detected in NAPL samples 

Non Source Area Soil 
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Groundwater samples were collected from monitoring wells and soil borings in the RP property 
vicinity.  Groundwater data from monitoring wells and soil borings indicate similar trends.  The 
discussion in this section is limited to groundwater data from monitoring wells because they are more 
representative of groundwater conditions. 

Groundwater  

Phthalate detections in groundwater are isolated, and do not represent continuous areas of significant 
impact.  Detectable phthalate concentrations were identified at former Doane Lake, and at the BNSF, 
Siltronic, ESCO, Schnitzer, Arkema, N.W. Front Avenue, and NL/Gould properties, and from an 
upgradient monitoring well located west of Highway 30.  Phthalate concentrations above RSLs were 
detected in samples from former Doane Lake, BNSF, and Siltronic properties and from upgradient 
monitoring well W-18-D(64) located west of Highway 30.  The reported detection of a phthalate in the 
upgradient well is likely indicative of the well known problem with false positive phthalate results 
caused by laboratory or field handling related contamination. 

A maximum phthalate concentration of 0.19 mg/L for dimethylphthalate (below the RSL of 29 mg/L) 
was detected in a groundwater sample from the Artificial Fill on the Siltronic property.  Phthalates 
were detected in groundwater samples from former Doane Lake.  The source of the phthalates 
identified in groundwater samples is not clear; however, the minimal and isolated detections identified 
within the RP property indicate that many if not all of these phthalate detections are false positives 
related to laboratory or field contamination. 

Phthalates including BEHP were detected in seven sediment samples from former WDL.  The BEHP 
detections in these samples may be false positives related to laboratory or field contamination, or 
could be related to battery casings or plastic cable from operations on the NL/Gould property. 

Lake Sediment and Surface Water 

Surface water samples were collected from former WDL, NDL, and the NDP and analyzed for 
phthalates.  No detectable phthalate concentrations were identified with the exception of a single 
sample from former WDL.  BEHP was identified at a concentration of 0.001 mg/L (J qualified) in 
former WDL.  The source of the low-level phthalates detected in sediment samples is not clear, but 
could be related to either false positives from laboratory or field contamination, or disposal of battery 
casings or plastic cable from operations on the NL/Gould property.  The lack of phthalate detections in 
surface water demonstrates that phthalates are strongly bound to sediment and are not mobilizing into 
surface water. 
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Laboratory data indicate that phthalates were not detected in the biota samples with the exception of 
a single butylbenzylphthalate detection in the adult largemouth bass tissue sample that is likely 
related to laboratory contamination.  

Biota 

Phthalates were analyzed in non-stormwater samples collected from the City Outfall 22B storm sewer 
system in August 2002, September 2004, December 2006, February and October 2007, and February 
and June 2008.  Phthalates were analyzed in sediment cleanout samples collected from the City 
Outfall 22B system in November 2006 and September and October 2009 (Section 5.3).   

Stormwater/Non-Stormwater and Storm Sewer Sediment Samples 

Phthalates were analyzed at City Outfall 22C in three non-stormwater samples collected in August 
2002, November 2003, and July 2009, and in one stormwater sample collected in December 2003.  
Stormwater and non-stormwater data from City Outfall 22C are screened against SLVs (human health 
and ecological) as part of the SCE in Sections 16.7 and 16.8.   

Sample locations and the distribution of BEHP is presented in Figure F-1130.   

BEHP was the only phthalate detected in the non-stormwater samples collected from the City Outfall 
22B system.  The highest concentration of BEHP was recorded in the manhole MH-4 sample 
collected in September 2004 (0.043 mg/L).  This was the only concentration detected in the non-
stormwater samples that exceeded the SCE SLV of 2.2E-04 mg/L.  The only other detections of 
BEHP were in the October 2007 samples from MH-4, MH-6, MH-10 and the outfall, ranging from 
4.6E-04J mg/L (MH-10) to 6E-04 mg/L (outfall). 

City Outfall 22B  

No phthalates were detected in samples ANF217 and ANF220 collected from a water seep and 
infiltration flowing into two catch basins along N.W. Front Avenue associated with the City Outfall 22B 
storm sewer system in February 2008 (Section 4.6).  No phthalates were detected in the non-
stormwater samples collected from NL/Gould MH-4 (prior to discharge to the City Outfall 22B storm 
sewer system) as part of an evaluation and repair of NL/Gould’s storm sewer system in February 
2007 and February 2008.   

No phthalates were detected in any of the non-stormwater or stormwater samples collected from City 
Outfall 22C. 

City Outfall 22C 
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8.5.5.5 Fate and Transport of Phthalates in Environmental Media in the RP Property 
Vicinity 

Phthalates tend to bind strongly to soil and sediment.  The low and sporadic concentrations of 
phthalates detected in groundwater samples and results of not detected in surface water samples 
demonstrate that phthalates at the RP property, if not actually the result of false positives, do not 
represent a source to the River. 

8.5.5.6 Summary of Transport Pathways 

The potential pathways for receptors to come into contact with RP-related constituents are 
groundwater, soil in the former Doane Lake and former WDL areas, NDL/NDP, the HDD, City Outfall 
22B, and City Outfall 22C.  The potential for transport of phthalate along each of these pathways is 
described below. 

Phthalate detections in groundwater at the RP properties are spatially isolated, and do not represent 
continuous areas of significant impact.  The low-level phthalate concentrations reported for samples 
from the RP property, if in fact real, are not likely to act as a source of off-site phthalate impacts in 
groundwater, and do not represent a source to the River.   

Groundwater 

Former Doane Lake/Former WDL:  Phthalates were detected at low levels in sediment samples from 
former WDL, and were detected in only one surface water sample from former WDL.  The low-level 
phthalate concentrations in former WDL sediment did not likely represent a source to groundwater or 
to the River, and all potential for exposure to phthalates in these sediments was eliminated as part of 
the WDL IRAM.   

Stormwater, Surface Water, and Sediment 

NDL/NDP:  Phthalates were not detected in sediment or surface water from NDL/NDP. 

HDD:  Phthalates were not detected in soil samples from the HDD. 

Stormwater/Non-Stormwater City Outfall 22B:  Phthalate detections in the City Outfall 22B sewer 
systems are low level and sporadic.  The low concentrations detected in the stormwater system and 
the lack of significant continuous detections in adjacent groundwater indicates that the RP property is 
not the source of phthalates detected in the storm sewer.   

Stormwater/Non-Stormwater City Outfall 22C:  No phthalates were detected in any of the non-
stormwater or stormwater samples collected from City Outfall 22C. 
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8.5.6 Other SVOCs 
Several analytes, including isophorone, dibenzofuran, 2,6-dichlorobenzothiazole, 3,3’-
dichlorobenzidine, 4-chloroaniline, and n-nitrosodimethylamine, are included in the SVOC analytical 
suite, but are not included in the subcategories described above.  Constituents classified in the other 
SVOCs category were not detected consistently or at significant concentrations in any media in the 
RP RI data set and the RP property is not a source of other SVOCs.  Other SVOCs were not detected 
in RP NAPL but dibenzofuran was detected in NAPL associated with MGP waste.  Other SVOCs were 
detected inconsistently, were sporadically distributed, and were at concentrations below the RSLs 
with the exception of one groundwater sample for dibenzofuran near the area of former MGP 
operations.  Benzoic acid, a common biomarker for exposure to PAHs, was detected in several fish 
tissue samples and PAHs are the likely source for this SVOC in fish tissue.   

Benzoic acid, dibenzofuran, and isophorone were the other SVOCs detected most frequently in the 
RP RI data set, and are discussed in this section.  Dibenzofuran and benzoic acid detected in the RP 
RI data set are likely associated with MGP waste on the Siltronic and BNSF properties.  Isophorone is 
an industrial chemical used in the manufacture of inks and paints.  The source of the isophorone 
detections is not clear.  There is no record of benzoic acid, dibenzofuran, or isophorone manufacture, 
use, or storage at the former RP facility (Section 2). 

8.5.6.1 Other SVOCs - Physical Properties/Environmental Fate 

Dibenzofuran readily biodegrades under aerobic conditions, but may persist in the environment under 
anaerobic conditions.  Benzoic acid and isophorone readily biodegrade in soil and water.  
Dibenzofuran, benzoic acid and isophorone were not used in any RP manufacturing operations, and 
are not expected to be inadvertent by-products of those operations. 

8.5.6.2 Other SVOC Data 

Soil, sediment, groundwater, surface water, stormwater, biota, and NAPL at the RP property and 
vicinity have been sampled and analyzed for other SVOCs.  Analytical results are presented in 
Appendix C, in tables as indicated below. 

Data Sets 

● Soil:  Table C1-3 

● Sediment: Table C7-2 

● Groundwater (monitoring wells): Table C3-3 

● Groundwater (grab samples from borings): Table C2-2 



 

AMEC Earth & Environmental, Inc. 
Project No.:  0-61M-107030/Phase 0104/T6 259 
K:\10000\10700\10703\0100 RI-FS-ROD\0104 RI Report\Draft RI\RI-SCE Report.Docx 

● Surface Water: Table C5-3 

● Stormwater and non-stormwater:  Table C8-2 

● Storm sewer cleanout sediment: Table C10-3 

● Biota: Table C9-1 

● NAPL:  Table C4-2 

The methods used for the analysis of other SVOCs on samples collected from the RP property and 
vicinity were 625, 8270 8270B, and 8270C.   

Data Usability 

In the standard 8270 or 8270C analysis, the GC/MS is run in full scan mode, monitoring a range of 
mass to charge ratios.  These mass spectra can then be compared to a library of mass spectra to 
determine an analyte’s identity.  Full scan analysis is useful for identifying and quantifying a large 
range of analytes, but is prone to interference from unwanted ions that may obscure an analyte’s 
mass spectra.   

8.5.6.3 Other SVOC Sources in the RP Property Vicinity 

Former Gasco MGP operations on the Siltronic and BNSF properties are the likely source of the 
dibenzofuran concentrations reported in the RP RI data set.  Benzoic acid is both a known constituent 
of MGP waste and a common metabolic byproduct of the aerobic degradation of many ringed 
compounds.  In addition, benzoic acid is a poor performing analyte in GC/MSD procedures, and is 
well documented as having a high false positive rate unless analyzed by HPLC, especially at lower 
concentrations.  These analytes were not detected consistently or at significant concentrations on the 
RP property areas, indicating that the RP property is not a source.  The source of the isophorone 
detected in former Doane Lake is unclear; however, the isophorone is localized within the multi-
source former Doane Lake and was not detected in any environmental media in the known RP source 
areas. 

8.5.6.4 Nature and Extent of Other SVOCs in Environmental Media in the RP Property 
Vicinity 

Benzoic acid, dibenzofuran, and isophorone were not manufactured, used, or stored at the former RP 
facility.  The RP property is not considered a source area for these SVOCs.  The distribution of 
benzoic acid, dibenzofuran, and isophorone at the RP property and vicinity properties is provided in 
the Non Source Area Soil section below. 

Source Area Soil 
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Dibenzofuran was detected in a NAPL sample collected from PZ-03-40W on the BNSF property.  The 
dibenzofuran in the NAPL sample is most likely associated with MGP waste.  Dibenzofuran, benzoic 
acid, and isophorone were not detected in NAPL samples from the RP property.  No other 
constituents from the other SVOCs category were detected in NAPL samples. 

Non Source Area Soil  

Other SVOC detections in soil do not appear to follow a discernable distribution pattern, and no 
distinct soil source area is apparent.  Isophorone was detected in one soil sample collected from LA-
203 located near the eastern edge of former Doane Lake, at a concentration of 0.837 mg/kg, far 
below the RSL of 1,800 mg/kg.  Dibenzofuran was detected in four soil samples from the Siltronic 
property, and one soil sample from former Doane Lake.  Dibenzofuran was not detected above the 
RSL.  Benzoic acid was detected in soil samples from BNSF, ESCO, N.W. Front Avenue, the HA, and 
former Doane Lake.  Benzoic acid was not detected at concentrations above the RSL.  All of these 
samples were potentially collected below the water table.  The dibenzofuran and benzoic acid 
detections are most likely associated with historical MGP operations on the Siltronic and BNSF 
properties, and formed through processes in other areas of the RP Property vicinity. 

Groundwater samples were collected from monitoring wells and soil borings in the RP property 
vicinity.  Groundwater data from monitoring wells and soil borings indicate similar trends.  The 
discussion in this section is limited to groundwater data from monitoring wells because they are more 
representative of groundwater conditions. 

Groundwater  

Dibenzofuran was detected in five monitoring wells near the NDP on BNSF property, six monitoring 
wells on the Siltronic property, and one monitoring well in former Doane Lake.  The highest 
dibenzofuran concentrations were detected in samples from the BNSF property.  Dibenzofuran was 
detected above the RSL only in groundwater samples from the BNSF property.  Most of the 
dibenzofuran detections from the BNSF property were detected in groundwater samples from the 
Fine-Grained Alluvium.  Most of the dibenzofuran detections from the Siltronic property and the single 
detection in former Doane Lake were from the Artificial Fill.   

Benzoic acid was detected in groundwater samples from the ESCO, NL/Gould, Metro, Schnitzer, and 
Siltronic properties, and from former Doane Lake.  The highest benzoic acid concentration was 
detected in a groundwater sample from the Schnitzer property; however, no benzoic acid was 
detected at concentrations above the RSL. 
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Isophorone was only detected in groundwater samples from the Alluvial-Colluvial Gravel in former 
Doane Lake, and was not detected above the RSL.  Most of the former Doane Lake wells where 
isophorone was detected (OW-designated wells) are clustered in the central area of NPA.  The source 
of the isophorone is not clear.  The isophorone detections are localized within former Doane Lake, 
and are not migrating off-site.  

Dibenzofuran was detected in sediment from four sampling locations in former WDL, two locations in 
NDL, and one location in the NDP.  The maximum dibenzofuran sediment concentration detected was 
12.5 mg/kg in the NDP.  This concentration was unusually high, and was detected in an area where 
MGP waste is known to be present.  The next highest dibenzofuran sediment concentration was 5.8 
mg/kg in NDL, where MGP wastes are also documented to be present.   

Lake Sediment/Surface Water 

Isophorone was detected in two sediment samples from former WDL.  No benzoic acid was detected 
in sediment samples from former WDL. 

Dibenzofuran was detected in one surface water sample and one seep sample from the NDP.  Neither 
isophorone nor benzoic acid was detected in surface water samples.   

Dibenzofuran was detected in each of the fish tissue samples with the exception of brown bullhead.  
The maximum dibenzofuran concentration was 0.012 mg/kg detected in a large scale sucker tissue 
sample.   

Biota 

Benzoic acid is a product of multiple metabolic pathways and a common biomarker for exposure to 
PAHs, and was detected in several of the tissue samples, with a maximum concentration of 2.9 mg/kg 
identified in a juvenile sunfish tissue sample.  Isophorone was not detected in any of the tissue 
samples analyzed. 

Stormwater/Non-Stormwater and Storm Sewer Sediment Samples 

Benzoic acid was only detected at the outfall in October 2007 sample at an estimated concentration of 
0.002J mg/L.  Neither dibenzofuran nor isophorone were detected in any of the City Outfall 22B 
system non-stormwater samples. 

City Outfall 22B  

Benzoic acid, dibenzofuran, and isophorone were not detected in the two sediment cleanout samples 
collected from the Outfall 22B system in November 2006.  Benzoic acid was detected in all of the 
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sediment cleanout samples collected in 2009 at estimated concentrations ranging from 0.075J mg/kg 
(Schnitzer/Air Liquide portion of the system) to 0.83J mg/kg (City portion of the system).  The J 
qualifier appended to these results typically denotes a result near the detection limit, and indicates 
that the result is uncertain.  Neither dibenzofuran nor isophorone were detected in any of the 2009 
City Outfall 22B system sediment cleanout samples. 

Dibenzofuran was only detected in the August 2002 non-stormwater sample collected from City 
Outfall 22C at 0.002 mg/L.  Neither benzoic acid nor isophorone were detected in any of the City 
Outfall 22C system non-stormwater or stormwater samples.  

City Outfall 22C 

8.5.6.5 Fate and Transport of Other SVOCs in Environmental Media in the RP Property 
Vicinity 

Other SVOCs were not detected consistently or at significant concentrations in the RP RI data set.  
Distribution of these SVOCs in soil and groundwater indicates that they are generally localized and 
are not significantly mobilized in the RP property vicinity. 

8.5.6.6 Summary of Transport Pathways 

The potential pathways for receptors to come into contact with RP-related constituents are 
groundwater, soil in the former Doane Lake and former WDL areas, NDL/NDP, the HDD, City Outfall 
22B and City Outfall 22C.  The potential for transport of PAHs along each of these pathways is 
described below. 

Other SVOCs were not detected in groundwater from RP source areas.  Dibenzofuran and benzoic 
acid detections in the RP property vicinity are most likely associated with MGP waste at the Siltronic 
property.  Benzoic acid detections also may be false positive results.  Other SVOCs were not detected 
at monitoring wells located on the Riverbank. 

Groundwater 

Former Doane Lake/Former WDL:  Dibenzofuran was detected in sediment from four sampling 
locations in former WDL.  Potential for exposure to other SVOCs in the former WDL sediments was 
eliminated as part of the WDL IRAM.   

Stormwater, Surface Water, and Sediment 
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NDL/NDP:  There is no known source of other SVOCs associated with operations at the RP property.  
The other SVOCs in NDL/NDP sediment are likely associated with Gasco MGP waste or represent 
false positive results.   

HDD:  Other SVOCs detected in the HDD are sporadic and low level.   

Stormwater/Non-Stormwater City Outfall 22B:  Other SVOC detections in the City Outfall 22B sewer 
systems are low level and sporadic.  The lack of detections of other SVOCs at the RP property 
indicates that former RP operations are not a source of other SVOCs to the River through the City 
Outfall 22B storm sewer system. 

8.5.7 SVOC Summary 
There is no evidence of widespread distribution of significant SVOC impacts in the RP source areas 
with the exception of naphthalene.  PAH impacts on the RP property may originate with on-property 
activities including diesel use in herbicide manufacturing fuel use and vehicle maintenance.  However, 
PAH detections on RP property were spatially isolated and do not appear to be migrating off-property.  
Historical Gasco MGP operations on the Siltronic and BNSF properties are a likely source of the 
majority of PAH impacts observed on the Siltronic and BNSF properties.  Chlorinated phenol results 
reported in samples collected on the RP property are consistent with historical herbicide 
manufacturing operations.  Chlorinated phenols do not appear to impact downgradient properties 
significantly, and are not present in environmental media near the River.  Phthalates and other 
SVOCs were not detected at significant frequency at the RP property, detections of these constituents 
were sporadic and isolated, and there is no evidence that RP is a source of phthalates, dibenzofuran, 
benzoic acid or isophorone to the River.   

8.6 CHLORINATED HERBICIDES 

Chlorinated herbicides (herbicides) are widely used for weed control in agricultural and non-
agricultural areas and are produced and used in various forms (e.g., acid, salt, and ester) (EPA, 
2005).   

There are a number of potential sources of herbicide detections at the RP property and in the vicinity.  
These include the RP former plant area because RP primarily manufactured, packaged, and 
formulated herbicides, and other sources suggested by detections in soils that have not been 
correlated to a known use or production.  Because of the widespread application of herbicides, these 
chemicals may have been used and stored at many facilities and were routinely used along roadways 
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(including Highway 30) and in landscapes for noxious weed control (e.g., in its 104e response 
Siltronic reports the use of 1000 lbs. of herbicides/year).   

Sections 8.6.1 provides a summary of the conclusions for the herbicide constituent class.  The 
detailed presentation and analysis for herbicides is presented in Sections 8.6.2 through 8.6.7.   

8.6.1 Overall Conclusions Regarding Herbicides 
A limited set of herbicides was manufactured, packaged, or formulated at the RP facility (Section 2, 
Tables 2-B and 2-C).  Manufacturing was discontinued by 1982 with the exception of bromoxynil, 
which was discontinued in 1990.  The primary herbicides manufactured included 2,4-D, Silvex, 2,4,5-
T, bromoxynil, dichlorprop, MCPA, and MCPP.  Some herbicide components were also packaged at 
the facility for shipment to other manufacturers (including the US Army).  2,4,5-T was manufactured 
for a limited time between 1960 and 1962.  “Agent Orange” was not manufactured at the facility 
although 2,4-D IOET, a component of agent orange, was manufactured and sold to a third party.    

Ten herbicides, two of which were not manufactured, formulated, or packaged at RP, were detected in 
the RP property vicinity.  Herbicides detected include 2,4,5-T, Silvex, 2,4-D, 2,4-DB, bromoxynil, 
dalapon, dicamba, dichlorprop, MCPA, and MCPP.  Dalapon and dicamba were not manufactured, 
formulated, or packaged at RP and are likely indicators of herbicide use by multiple parties in the 
vicinity of the RP property.  The distribution and environmental fate of herbicides released to the 
environment at and in the vicinity of the RP property are determined by the source conditions, 
physical setting, and herbicide chemical characteristics. 

In general, herbicides are detected in the HA and near the LADD, but are also detected in various 
media off the RP property and are discontinuous with RP sources.  Transport of herbicides from RP 
source areas is consistent with groundwater flow and other constituent migration pathways within the 
RP property vicinity, as well as the relatively high biodegradation rates associated with most 
herbicides in environmental media.   

Herbicides were detected in the NAPL beneath the northern portion of the HA and the LADD near the 
southern end of former WDL.  Of the herbicides, 2,4-D was detected at the highest concentration in 
the NAPL samples.  Herbicides in soil at the RP property are generally found in localized areas 
consistent with former RP operations, and all detected concentrations are below the EPA 2010 
Industrial Soil RSLs. 

Herbicides were detected in groundwater samples at the RP property and vicinity.  Most herbicides 
were detected in the former RP plant area and downgradient concentrations decreased significantly 
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toward NW Front Avenue; most herbicides were not detected beyond NW Front Ave.  The exceptions 
are Silvex and dichlorprop.  Dichlorprop was infrequently detected near the Riverbank, and generally 
before 2006.  Silvex was consistently found in groundwater to the Riverbank but all Silvex detections 
downgradient from the HA and LADD area are below EPA 2010 Tap Water RSLs.  The presence of 
only Silvex from the RP property to the Riverbank is consistent with the properties of Silvex.  Silvex 
tends to biodegrade much slower in water than other herbicides and therefore is found downgradient 
of the RP property when other herbicides at similar or higher concentrations in source areas are not 
found downgradient.  

Herbicides within the former Doane Lake or former WDL that were either transported there through 
other pathways or were released to these areas are not a significant source for herbicides in the RP 
property vicinity.  NDL media (sediment, pore water, and surface water) have historically been 
affected by herbicides from RP and other sources and may currently receive herbicides from other 
sources.  The pathway from the RP property to NDL is no longer complete.  Herbicides have not been 
detected in NDP sediments or in groundwater from the seep into NDP.   

Herbicides have been detected in non-stormwater within the City Outfall 22B storm sewer system at 
concentrations fairly consistent with shallow groundwater, suggesting a historically complete pathway 
for herbicides from shallow groundwater to City Outfall 22B non-stormwater to the River.  Shallow 
groundwater in the vicinity of the City Outfall 22B storm sewer is subject to multiple sources, as 
strongly suggested by detections of herbicides in City Outfall 22B cleanout sediment.  Herbicides 
detected at Outfall 22C are very limited and not related to RP sources.   

Herbicides detected in soil samples from the HDD and its immediate vicinity could have historically 
migrated from the multi-source former Doane Lake to the HDD.  However, the low concentrations and 
sporadic occurrences do not suggest that herbicides in HDD soil are or have historically been a 
source of herbicides to groundwater or to the River.  Herbicides have not been detected in Riverbank 
or beach area soils in the vicinity of potential constituent migration pathways from the RP property 
(e.g., City Outfall 22B, HDD). 

8.6.2 Physical Properties/Environmental Fate of Herbicides 
Published literature indicates that herbicides are relatively mobile in environmental media but degrade 
rapidly through hydrolysis, photolysis, and biodegradation.  Herbicides are moderately soluble and 
have a low to moderate potential to be carried by stormwater runoff.  If released to a soil, degradation 
will likely proceed at a faster rate than leaching to groundwater, especially in soils with relatively high 
clay content (EPA, 2009a and EPA, 2009b).  If released to water, biodegradation, hydrolysis, and 
photolysis are important for the attenuation of herbicides (EPA, 2009a).   
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8.6.3 Data 
8.6.3.1 Data Sets 

Herbicide data collected for the RP investigation were collected between 1981 and January 2010.  
Herbicides were detected in 14% of individual herbicide results.     

NAPL, soil, groundwater, sediment, surface water, stormwater, and storm sewer cleanout sediment at 
the RP property and vicinity were sampled and analyzed for herbicides.  A total of 2,047 samples 
including field duplicates have been analyzed for herbicides during the course of the RI.  The results 
are presented in Appendix C, in tables as indicated below. 

● Soil:  Table C1-4; Figures F-0133 to F-0150 

● NAPL:  Table C4-3; Figures F-0854 to F-0859 

● Groundwater (monitoring wells):  Table C3-4; Figures F-0492 to F-0515  

● Groundwater (temporary borings):  Table C2-3; F-0773 to F-0778 

● Sediment: Table C7-3; Figures F-1045 to F-1050 

● Surface Water:  Table C5-4; Figures F-0923 to F-0928 

● Stormwater and Non-Stormwater:  Table C8-3; Figures F-1133 to F-1138 

● Storm Sewer Cleanout Sediment:  Table C10-4 

4-Nitrophenol and pentachlorophenol were infrequently included in the analyte list reported by various 
laboratories for herbicides, and are typically included in the analyte list for SVOCs.  Although these 
constituents are included on the herbicide data tables in Appendix C for completeness, these 
constituents are discussed in Section 8.5 SVOCs, and not among the herbicides discussed in the 
sections below. 

8.6.3.2 Data Usability 

The herbicide results evaluated are generally considered reliable.  False positives have occurred 
because of matrix interferences or limits of the analytical methods, and are common when trying to 
achieve low detection limits.  All false positive results were not identifiable during the standard 
validation process and as a result false positives may be present in the data set.  However, some 
false positives were identified, correlated to matrix or laboratory concerns, and corrected through 
closer review of laboratory reports or through communication with the laboratory when an anomalous 
concentration was noted.   
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Historically, EPA Method 8150 was used for herbicide analyses in solid and liquid matrices.  Method 
8150 is subject to a variety of positive interferences that can be co-extracted from samples and 
interfere with the analysis of herbicides.  These interferences include: organic acids (especially 
chlorinated acids), elemental sulfur, high molecular weight materials, halogenated pesticides, 
industrial chemicals, PAHs, organophosphorus pesticides, phenols, chlorophenols, and PCBs (EPA, 
1996 and other sources).  Not all of these interferences can be removed from the sample extract to 
levels that will not interfere at current detection limits using existing cleanup techniques without 
unacceptable loss of the target herbicides. 

Several steps may be taken by the laboratory to reduce false positives.  These include using the 
newer EPA Method 8151A (used on the RP project starting in 2000) that allows the use of alkaline 
hydrolysis to eliminate interferences and applying multiple cleanup steps to lower the concentration of 
interfering compounds.  These steps may not be sufficient to eliminate false positives from complex 
sample matrices because of the low required regulatory levels.  As an example, storm sewer cleanout 
sediment samples were initially reported with MCPP and MCPA detections ranging from 26 to 74 
mg/kg.  AMEC requested the laboratory to confirm the detections using GC/MS and the detections 
could not be confirmed.  The laboratory also ran standards with concentrations similar to those 
detected in the samples and these were detected accurately, demonstrating that the original sediment 
sample detections were not real and likely the result of matrix interference.  

8.6.4 Sources of Herbicides in the RP Property Vicinity 
Herbicides were manufactured, formulated, and packaged in the RP HA starting in 1950.  
Chlorophenoxy acid herbicide manufacturing was discontinued in 1975 (MPCA and analogs) and 
1982 (2,4-D, 2,4-DB).  Manufacturing of bromoxynil continued until 1990 (Section 2.2, Table 2-B).  
Dalapon and dicamba were not manufactured, formulated, or packaged during historical RP 
operations, although these herbicides were detected within the RP property vicinity. 

The distribution of herbicides suggests sources of herbicides in addition to historical RP operations.  
Herbicides have been commonly applied for weed control by public and private entities and have 
therefore been released directly into the environment.  Specifically, herbicide detections in City Outfall 
22B non-stormwater and cleanout sediment may reflect non-RP sources.  Additional sources are 
supported in part by 104e information (Siltronic, 2008).  
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8.6.5 Nature and Extent of Herbicides in Environmental Media in the RP Property 
Vicinity 

Herbicides have been detected in NAPL, soil, groundwater, sediment, surface water, storm water, and 
storm sewer cleanout sediment samples.  Analytical limitations, including matrix interference, may 
have resulted in some of the herbicide detections.   

The distribution of herbicides in the RP property vicinity is dependent upon the nature of releases, the 
physical setting, and characteristics of the individual herbicides within environmental media.  This 
section describes the herbicide distribution within the context of these parameters.  In general, 
herbicides are detected in the HA and near the LADD, but are also detected in various media off the 
RP property and discontinuous with RP sources.  Transport of herbicides from RP source areas is 
consistent with groundwater flow and other constituent migration pathways within the RP property 
vicinity, as well as the relatively high biodegradation rates associated with most herbicides in 
environmental media.   

The detected herbicide results screened against the May 2010 update to the EPA RSLs (EPA, 2010b) 
are provided in Appendix E.  

8.6.5.1 Soil  

Herbicides in soil at the RP property and vicinity are generally found in localized areas and all 
detected concentrations are below the EPA 2010 Industrial Soil RSLs.  Dinoseb was not detected in 
soil (Table C1-4, Appendix C).  Herbicides were detected in 790 out of 5,960 individual herbicide 
results from soil samples, 557 of which were within the HA and LADD area. 

HA/LADD/NAPL Area:  Herbicides were detected in the NAPL beneath the northern portion of the HA 
and the LADD near the southern end of former WDL.  2,4-D was the primary herbicide detected in 
NAPL, with five additional herbicides each detected at one or two locations.  No herbicides were 
detected in NAPL samples from PZ-03-40W associated with historical Gasco MGP wastes.    

Source Area Soil  

Bromoxynil, dalapon, dicamba, dichlorprop, and dinoseb were not detected in any NAPL samples.  Of 
the herbicides, 2,4-D was detected at the highest concentration in the NAPL samples.  Herbicides 
were detected up to percent levels in NAPL samples.  Distribution in NAPL samples is summarized as 
follows (noting that detection limits varied considerably in NAPL samples): 

● MCPA was only detected in MW-08-27 (HA) and piezometer P-07 (HA); MCPP was only 
detected in P-07 (HA);  
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● 2,4-DB was detected in MW-08-27 (HA) and RP-04-41 (LADD area near the southern end 
of former WDL); and 

● 2,4,5-T, and Silvex were only detected in MW-08-27 (HA) and RP-04-41 (LADD area near 
the southern end of former WDL). 

Herbicides were detected in soil samples primarily from the HA and near the LADD, consistent with 
former RP operations.  Herbicides were also sporadically detected in the IA.  Herbicides in soil at the 
RP property are below the EPA 2010 Industrial Soil RSLs, with one possible exception. 

In the HA and the LADD area, Silvex and dichlorprop detections were typically isolated and sporadic, 
while 2,4-D and 2,4,5-T were more uniformly detected across the HA and LADD area and from the 
surface to the water table.   

Herbicides were infrequently detected in soil in the multi-source NPA, from the surface to 
approximately 25 to 35 feet bgs, the approximate depth of former Doane Lake.  Several of the 
samples in the NPA and the larger non-RP-property footprint of former Doane Lake were from below 
the water table, but herbicide detections were generally within the estimated depth range of the former 
lake.  Although some detections are from locations and depths that suggest they are adsorbed to the 
former lake sediment (e.g., BTB-4A-84, LCB-01), several detections are from locations and depths 
that were part of lake fill material (e.g., BTB-5-20, LA-200, LA-202).  Both lake sediment and fill 
material have the potential for contribution from non-RP sources.  Herbicides detected at locations 
and depths suggestive of lake sediment include 2,4-D, 2,4,5-T, Silvex, 2,4-DB, and dichlorprop.  
Additional herbicides were detected only immediately adjacent to the HA, including bromoxynil, 
dicamba, dalapon, dinoseb, MCPA, and MCPP; these are unvalidated results from 1994 samples and 
subject to false positives.  

Herbicide detections in soil at the RP property were below the EPA 2010 Industrial Soil RSLs.  A 
sample collected from 20 to 21 feet bgs (below the water table) at location T-04 in January 1989 was 
reported to contain MCPA/MCPP at 399 mg/kg (reported as a coelution by the laboratory); the RSL 
for MCPA is 310 mg/kg and the RSL for MCPP is 620 mg/kg.  This is an old result that has not been 
validated.  MCPP and MCPA results for surrounding soil samples, including those collected above this 
sample in the same boring, were either non-detect or less than 10 mg/kg.  The high concentrations of 
chlorophenols detected in this sample (Table C1-4) may have resulted in a high analytical bias as 
discussed in Section 8.6.3. 
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IA:  Herbicides detected in soil in the IA were primarily at the surface and typically were isolated.  
These detections are consistent with historical storage of herbicide products in aboveground 
containers within the IA. 

Non Source Area Soils 

Herbicides were detected in several off-property areas, some of which are not related to RP sources, 
and all below EPA 2010 Industrial Soil RSLs. 

HDD:  Herbicides detected in HDD soils were below the EPA 2010 Industrial Soil RSLs.  The low 
concentrations do not suggest the HDD is acting as a source to groundwater.  Further, the distribution 
of higher concentrations of herbicides below the surface indicates that herbicides present in the HDD 
were deposited prior to significant soil disturbance in the HDD vicinity related to sanitary sewer line 
installation in the late 1960s (Section 7.2.4).  Multiple sources of herbicides could have contributed to 
the HDD area either through discharge from the multi-source former Doane Lake or through surface 
application.   

Herbicides detected at the HDD include 2,4,5-T, Silvex, 2,4-D, and MCPP at various depths to 12 feet 
bgs.  Herbicides were not detected in the deepest HDD samples (13 to 15 feet bgs, or 15 to 17 feet 
bgs).   

Other Properties:  A very limited number of soil samples have been collected and analyzed for 
herbicides north of the railroad embankment at the Siltronic property.  Of the seven samples from this 
area (resulting in 77 individual herbicide results), four herbicide detections, all of questionable quality, 
have been reported.  These detections do not appear to be related to RP sources: 

● 2,4,5-T was detected in soil at location RP-25-30 in a sample collected below the water 
table (25 to 26 feet bgs).  Herbicides were not detected in the deeper samples collected 
from this location.  There are no nearby soil samples in the RP RI data set.  The isolated 
detection at this location, and the detection of only 2,4,5-T in the absence of any other 
detectable herbicides, suggests that this 2,4,5-T detection may reflect a data quality issue 
as discussed in Section 8.6.3. 

● The MCPP and bromoxynil results from a sample collected below the water table ( 23 to 25 
feet bgs) at RP-20-97 and the MCPA result from a sample collected below the water table 
(15 to 25 feet bgs) at RP-21-150 were N qualified (presumptively identified).  This qualifier 
indicates that these detections did not meet all criteria for identification and are, therefore, 
qualitatively uncertain.  Herbicides were not detected in shallower or deeper soil samples 
at these locations.  The isolated detections at these locations, along with the apparently 
random and presumptive detections in the absence of any other detectable herbicides, 
suggests these detections may reflect data quality issues as discussed in Section 8.6.3.   
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Herbicides were detected in soil samples from the former NL/Gould plant area.  2,4,5-T, Silvex, and 
2,4-D were detected in soil samples collected at the NL/Gould property from various depths to 
approximately 35 feet bgs from 1991 through 1995.  The detections are within the former NL/Gould 
plant area and therefore not within the former Doane Lake footprint, and most were from samples 
collected below the water table and are therefore discussed in Section 8.6.4.2.  Samples from above 
the water table with detected herbicides include C-1 and C-5 collected in 1992 in the western corner 
of the NL/Gould property.   

8.6.5.2 Groundwater 

Herbicides were detected in groundwater samples at the RP property and vicinity.  Most herbicides 
were detected in the former RP plant area and downgradient concentrations decreased significantly 
toward NW Front Avenue; most herbicides were not detected beyond NW Front Avenue.  The 
exceptions are Silvex (Appendix F, Figures F-496 through F-499) and dichlorprop (Appendix F, 
Figures F-504 through F-507). 

Dichlorprop was infrequently detected near the Riverbank, and generally before 2006.  Silvex was 
consistently detected in groundwater from the RP property to the Riverbank, but all Silvex detections 
downgradient from the HA and LADD area are below EPA 2010 Tap Water RSLs.  The presence of 
only Silvex from the RP property to the Riverbank is consistent with the properties of Silvex.  Silvex 
tends to biodegrade much slower in water than other herbicides, and therefore is found downgradient 
when other herbicides at similar or higher concentrations in source areas are not found downgradient.  

Herbicides were detected in groundwater samples from monitoring wells at an approximately 13% 
detection frequency.  Herbicide detections vary considerably over time; later discussions of extent are 
focused on the most recent detections because this is more reliable data and because it is 
representative of current conditions.  

Dalapon and dicamba were not manufactured, formulated, or packaged at the RP facility.  Dalapon 
and dicamba are infrequently detected and are not detected above EPA 2010 Tap Water RSLs; 
therefore, they are not a concern for the RP RI.  Dalapon and dicamba were detected in 3 and 38 
individual analytical results from monitoring wells, respectively, out of 11,281 groundwater herbicide 
results.  Dalapon was detected once in the HA and dicamba was detected five times in the HA, all 
within the Fine-Grained Alluvium.  Both were also detected (dalapon twice, dicamba nine times) in the 
multi-source NPA in the Fine-Grained Alluvium.  Dicamba was detected 24 times in the RP property 
vicinity. 
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Dicamba groundwater detections were near or below the detection limit.  Dicamba is not detected 
continuously through the NPA.  One presumptively identified detection of dicamba upgradient from W-
09 was at W-08-74, at a concentration of 5.19E-04 mg/L, which is lower than the detection of 0.002 
mg/L at W-09-116 collected during the same sampling event.  Dicamba was not manufactured or 
formulated at the RP facility and the sporadic detections and discontinuous extent of dicamba is 
consistent with the low detection frequency of dicamba in soil at the RP property, and suggests 
laboratory quality issues and/or an alternate source of dicamba near the RP property.  

Dinoseb was not detected above EPA 2010 Tap Water RSLs, was very infrequently detected, and 
therefore is not a concern for the RP RI.  Dinoseb was only detected twice out of 11,281 individual 
herbicide analytical results:  once in the HA at MW-03-27 and once in the NPA at W-09-116.  The HA 
detection was in 1995 at 6.6E-04 mg/L and the result is unvalidated.  The NPA detection was in 2005 
at an estimated concentration of 0.002 mg/L.  These results are highly suggestive of laboratory quality 
issues. 

Since April 2005, all detected concentrations of 2,4,5-T and 2,4-DB have been below the respective 
EPA 2010 Tap Water RSLs of 0.37 and 0.29 mg/L.  Dichlorprop has not been detected above the 
EPA 2010 Tap Water RSL of 0.29 mg/L since June 1991.     

The maximum herbicide concentration in groundwater outside of the former RP plant and LADD areas 
was MCPP detected at a concentration of 6.88 mg/L at BST-1W-88.  Since 2000, all herbicide 
concentrations in groundwater outside of RP source areas are less than 1.0 mg/L.   

HA:  Most herbicide detections in groundwater beneath the HA correlate to herbicide concentrations 
and locations detected in soil and NAPL, and distribution in groundwater follows groundwater flow 
directions (see Section 6) and demonstrates the tendency of most herbicides to degrade rapidly over 
time.   

Source Area Groundwater 

2,4,5-T and 2,4-D are the primary detections in HA Artificial Fill monitoring wells.  Dichlorprop has not 
been detected in HA Artificial Fill monitoring wells since 1991, and Silvex was only detected 
sporadically and has not been detected in HA Artificial Fill since 2004.  This suggests a different 
release history for the propanoic herbicides (e.g., dichlorprop and Silvex) and acetic acid herbicides 
(e.g., 2,4,5-T and 2,4-D), as well as different degradation characteristics.   

The herbicides 2,4,5-T, 2,4-D, and Silvex were frequently detected in HA Fine-Grained Alluvium but 
concentrations generally decrease with depth; dichlorprop was detected very infrequently in HA Fine-
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Grained Alluvium.  Herbicides detected in the CRBG beneath the HA were of significantly lower 
concentrations than herbicides detected in shallower wells, with all but one detection less than 0.010 
mg/L. 

LADD Area:  In the NPA, herbicides were primarily detected in the LADD area, particularly near the 
head of the LADD and at the southern end of WDL.  With the exception of Silvex, herbicide detections 
in the Fine-Grained Alluvium, Alluvial-Colluvial Gravel, and CRBG downgradient from the LADD and 
within the NPA were sporadic and at low concentrations.  2,4,5-T, 2,4-D, dichlorprop, MCPA, and 
MCPP were infrequently detected or not detected in the Artificial Fill in the NPA downgradient from 
the LADD.  Silvex was detected in Artificial Fill groundwater downgradient from the LADD, but not 
consistently at any given well.  Silvex shows more consistent detections downgradient from the LADD 
in deeper zones but concentrations were below RSLs.  The distribution of most herbicides in NPA 
groundwater, with higher concentrations in source areas and lower concentrations to no detections 
downgradient, is consistent with soil and NAPL in the LADD area as sources of herbicides and the 
ready biodegradation of most herbicides in groundwater.  The distribution of Silvex in groundwater is 
also consistent with soil and NAPL in the LADD area as sources, with limited biodegradation 
downgradient.  

Herbicide detections exceed their respective EPA 2010 Tap Water RSLs in groundwater in the HA, in 
the LADD area, and near the south end of WDL, in both the Artificial Fill and Fine-Grained Alluvium.  
Bromoxynil and dichlorprop exceedances are limited to the HA.  2,4-D and 2,4-DB were detected 
above RSLs in the Alluvial-Colluvial Gravel in the LADD area, and 2,4-D and MCPA exceeded RSLs 
in the HA and NPA CRBG.  This is again consistent with the expected distribution of herbicides 
relative to source areas, degradation potential, and groundwater flow paths.   

IA:  Herbicides in groundwater in the IA were infrequently detected and at concentrations below EPA 
2010 Tap Water RSLs.  Herbicides were detected in groundwater in the IA at significantly lower 
concentrations than in the HA, and primarily in the Fine-Grained Alluvium.  Detections are largely 
below 0.010 mg/L; 4 out of 53 detections are above 0.010 mg/L, and these are from 1982 and 1993 
samples.  Two detections of 2,4-D are reported in the CRBG beneath the IA, at MW-11-79 and MW-
12-79, both at concentrations of 0.002 mg/L.  These are unvalidated samples from 1993 and like 
many results from early sampling are subject to laboratory quality issues.  Herbicides were not 
detected in MW-11-79 in the most recent sample collected in 2006.  

Non Source Area Groundwater 

Former Doane Lake and Other Properties:  Herbicides from the LADD attenuate prior to reaching the 
Riverbank wells except for Silvex.  Deeper groundwater downgradient from the LADD generally has 
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low, sporadic detections of herbicides, with the exception of Silvex.  All Silvex detections 
downgradient from the HA and LADD area were below EPA 2010 Tap Water RSLs.  The extent of 
Silvex is defined both laterally and vertically.  Detections of Silvex are fairly consistent near the BNSF 
tracks within the Fine-Grained Alluvium and across the tracks on BNSF and Siltronic properties in the 
Alluvial-Colluvial Gravel and CRBG.  These detections are bounded to the north on Siltronic property 
by the RP-20, RP-21, and RP-22 monitoring well clusters, and to the east by RP-09, RP-10, and RP-
14 monitoring well clusters.  Silvex detections are bounded vertically near the Riverbank by CRBG 
wells in the RP-24, W-19, and RP-02 monitoring well clusters. 

2,4-D, dichlorprop, MCPA, and MCPP were detected in monitoring well RP-11-216, in addition to 
Silvex, in the Troutdale Formation.  These four analytes were detected in the same sample in 2006 at 
very low concentrations (near or below reporting limits) and they have not been detected since the 
2006 sampling event.  They also are not detected at upgradient well locations.   

MCPA and MCPP analytical results were largely qualified as presumptively identified (N flag).  These 
constituents were not consistently detected near NW Front Avenue and the Guild’s Lake Pump 
Station and in the area just north of the BNSF railroad embankment in the Fine-Grained Alluvium, 
Alluvial-Colluvial Gravel, and CRBG.  The detections could be the result of matrix interference, as 
appeared to be the case with MCPA and MCPP results from storm sewer cleanout sediment samples 
(see Section 8.6.3).  The reported concentrations exceeded EPA 2010 Tap Water RSLs. 

Two anomalous values of 2,4-D were identified at W-10-D and RP-01-65 in 1982 and 2000, 
respectively.  2,4-D was either at significantly lower concentrations or not detected in monitoring wells 
upgradient from these locations and no other detections of the same order of magnitude were 
detected at these wells.  The anomalous values are considered to be the result of laboratory quality 
issues. 

Herbicides were detected in seven saturated soil samples collected during well installations 
associated with the NFA ISCM, on City property near the Guilds Lake Pump Station, in 2008 and 
2009.  Herbicides detected were 2,4,5-T and 2,4-D (one sample only, PM-04-115, from 87 to 90 feet 
bgs), and Silvex.  These soil samples were collected from below the water table at depths greater 
than 50 feet bgs.  The Silvex detections are generally consistent with the presence of Silvex in 
groundwater at these same or nearby locations.  However, the 2,4,5-T and 2,4-D detected at PM-04-
115 are not consistent with nearby groundwater concentrations from similar depths.  The soil samples 
from PM-04-115 were not validated, as they were collected primarily for waste characterization 
purposes, and may reflect problems with data quality as discussed in Section 8.6.3.  The saturated 
soil results from City property are below EPA 2010 Industrial Soil RSLs.   
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Herbicides detected within the Artificial Fill groundwater within the footprint of former Doane Lake 
include low, sporadic detections of Silvex and 2,4-D.  Dichlorprop, MCPA, and MCPP were either not 
detected or detected very infrequently in this area.  This suggests that former Doane Lake is not a 
significant source of herbicides to groundwater and is generally consistent with herbicide detections in 
soil. 

Herbicides have typically not been detected in the Artificial Fill groundwater beneath the NL/Gould 
property and have not been detected since 2000.  Herbicides have been detected in the Fine-Grained 
Alluvium, Alluvial-Colluvial Gravel, and CRBG beneath the NL/Gould property.  Herbicides were not 
detected above 0.001 mg/L in groundwater from the two well clusters remaining at the NL/Gould 
property, W-03 and W-04, since 2000 with the exception of one MCPP detection at 0.002 mg/L.  
Herbicides were detected in one CRBG well in the former NL/Gould plant area (BST1W-88), however 
these are unvalidated data from 1995 and 1999.  BST1W-88 was abandoned prior to construction of 
the NL/Gould OCF, so no subsequent data are available.   

Herbicides were detected in saturated soil samples from the former NL/Gould plant area.  2,4,5-T, 
Silvex, and 2,4-D were detected in soil samples collected at the NL/Gould property from various 
depths to approximately 35 feet bgs from 1992 and 1995.  The detections are within the former 
NL/Gould plant area and therefore not within the former Doane Lake footprint.  Groundwater from 
nearby wells at the NL/Gould property sampled in a similar timeframe did not indicate detectable 
concentrations of 2,4,5-T, but did indicate low concentrations of Silvex and 2,4-D in groundwater.  
This difference may be due to preferential degradation of 2,4,5-T versus the other herbicides, or 
differences in volumes released or used. 

Herbicides have been detected in groundwater at Arkema property, primarily beneath Lot 1 in the 
Alluvial-Colluvial Gravel and CRBG.  Herbicides on Lot 2 are detected in well cluster RP-02 (on the 
border with Lot 1), one detection of MCPP at RP-09-64 (CRBG), and one detection each of Silvex and 
2,4-DB in RP-10-30 (Artificial Fill).  The detections at RP-10-30 were from a single sampling event, 
and herbicides were not detected in two additional samples collected at this location.  Detections of 
herbicides in the Alluvial-Colluvial Gravel and CRBG is consistent with the groundwater CSM (Section 
6.2.3), which indicates that there is generally an upward vertical gradient observed between wells 
screened in the Alluvial-Colluvial Gravel and the Fine-Grained Alluvium near the bedrock ridge 
parallel to the River beneath Arkema property, and an upward vertical gradient is observed within the 
CRBG and between the CRBG and Fine-Grained Alluvium.  Herbicides within the Alluvial-Colluvial 
Gravel and CRBG could therefore migrate upward beneath Lot 1 following the gradient in that area. 
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The only herbicide in groundwater at Arkema property exceeding its EPA 2010 Tap Water RSL was 
MCPP in four individual results, two of which were presumptively identified.  These detections were 
near the Riverbank in Fine-Grained Alluvium, Alluvial-Colluvial Gravel, and CRBG. 

8.6.5.3 Lake Sediment/Surface Water 

The lake sediment and surface water data include samples from WDL, NDL, and NDP.  Herbicides 
were detected infrequently and at low concentrations in NDL and NDP sediment and surface water.  
Herbicides were detected in WDL lake sediment and surface water.  

Former WDL is discussed separately from NDL because of the lack of recent significant hydrologic 
connection between the two water bodies (Section 6.2.4.3).  Although there was likely an historical 
connection, water elevation in NDL has risen since completion of the northern railroad embankment 
and resulting from the presence of a long-standing beaver dam at the lake outlet (Sections 6.2.4.3 
and 7.2.1).  WDL and NDL also have distinct fill histories and potential constituent sources (Sections 
7.2.2 and 7.2.3). 

Former WDL sediment contained levels of herbicides below EPA 2010 Industrial Soil RSLs with one 
exception.  Herbicides in WDL have been addressed, along with other constituents, by the WDL IRAM 
as discussed in Section 5.  Herbicides in sediments were relatively higher in the southern end of 
WDL.  This is consistent with historical waste handling practices and correlates with herbicide 
distribution in soil and groundwater.   

Former WDL 

The following herbicides were detected in WDL sediment: 2,4,5-T, Silvex, 2,4-D, 2,4-DB, bromoxynil, 
dichlorprop, MCPA, and MCPP.  Dalapon and dicamba were not detected.  The maximum herbicide 
concentration in lake sediment was 5,100 mg/kg (estimated) 2,4-D at sample location W002 in 
November 2005.  NAPL beads were observed in the sediment from sample W002.  The highest 
detections were generally in the southern third of the lake, with other WDL sediment concentrations 
typically one or two orders of magnitude lower.  All WDL herbicide sediment concentrations were 
below EPA 2010 Industrial Soil RSLs with the exception of one detection of MCPA at 400 mg/kg.  The 
WDL IRAM completed in November 2010 stabilized and isolated WDL sediment, eliminating the direct 
contact exposure pathway to current receptors and significantly reducing the mobility of herbicides 
from WDL. 

Herbicides detected in WDL surface water were 2,4,5-T, Silvex, 2,4-D, 2,4-DB, MCPA, and MCPP.  
These constituents are consistent with detections in WDL sediment and likely represent partitioning to 
surface water from sediment or herbicides adsorbed to suspended solids.  Silvex, MCPP, and MCPA 
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were not detected in shallow groundwater at RP-04-16 (at the southern end of former WDL), 
suggesting that groundwater influence on WDL surface water constituents was limited.  The WDL 
IRAM completed in November 2010 removed WDL surface water, eliminating the exposure pathway.     

Herbicides were detected infrequently in NDL sediment, at very low concentrations relative to WDL, 
and may reflect laboratory quality issues; if real, the sporadic detections indicate lack of an ongoing 
source of herbicides from groundwater.  Herbicides were detected in 6 out of 352 individual sediment 
herbicide results; two of the reported detections were presumptively identified.  The herbicides Silvex, 
2,4-DB, Bromoxynil, dalapon, dicamba, dinoseb, and MCPA were not detected in NDL sediment.  
Herbicides detected in sediment sampled from NDL include 2,4,5-T, 2,4-D, dichlorprop, and MCPP.  
Herbicides were detected in five sediment samples primarily located in the center of the lake and 
within 15 feet (investigated depth) below the mudline.  The maximum concentration was 0.949 mg/kg 
(estimated; presumptively identified) of MCPP at 10 to 15 feet bwsi at NDL-107-S; the next highest 
concentration was 0.0233 mg/kg of 2,4-D at 5 to 10 feet bwsi at NDL-106-S.   

NDL 

The absence of Silvex, the least readily biodegradable herbicide from RP sources, suggests the 
detected herbicides are from sources other than RP and may have migrated to NDL via culverts and 
overland flow from Highway 30.  Further, the infrequent and sporadic detections of herbicides in NDL 
sediment suggest laboratory quality issues; however, if herbicides are in fact present, the variety of 
locations and depths reflect the following:   

● Significant disturbance of lake sediment during Gasco operations in the NDL area prior to 
construction of the northern railroad embankment, indicating that herbicides reached NDL 
prior to construction of the northern railroad embankment in 1970 and that herbicides have 
not been transported to NDL from RP source areas since at least 1970; 

● There is no ongoing flux of herbicides via groundwater between RP sources (former WDL 
and LADD area) and NDL; and 

● Herbicides in NDL sediment are not mobile.   

The herbicides dichlorprop, MCPP, 2,4-DB, bromoxynil, dalapon, dicamba, dinoseb and MCPA were 
not detected in NDL surface water.  Herbicides detected in surface water at NDL consist of 2,4,5-T, 
Silvex, and 2,4-D.  Detections were from samples collected in 1995 and no herbicides were detected 
in samples collected in 2003.  This is consistent with the high attenuation rate of herbicides when 
released to surface water (EPA, 2009a) and a lack of ongoing sources to surface water.  The 
maximum herbicide concentration in the 1995 NDL samples was 2,4-D at 0.15 mg/L.   
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Historical documentation and aerial photographs suggest that there was some hydraulic connection 
between former Doane Lake and early configurations of NDL through the railroad embankment in and 
prior to the 1960s.  This connection also is suggested by detection of some apparently RP-related 
constituents in NDL sediment along the south arm of the lake during a 2003 sampling event.  Since 
then a beaver dam was constructed which allowed the surface water elevation in NDL to rise, 
suggesting a change in hydrology that would limit or eliminate flow of groundwater from the NPA to 
NDL.  A beaver dam is still present near the discharge culvert from NDL to NDP.  The degree to which 
seepage occurs through lake bottom sediments is expected to be low, as vertical conductivity of lake 
sediments has allowed NDL to form as a water body.   

The low concentration of herbicides in NDL surface water and lack of recent detections are consistent 
with the tendency for most herbicides to degrade in surface water, and also indicate a lack of ongoing 
connection between former WDL and NDL, and between the LADD area groundwater and NDL.   

Herbicides were not detected in NDP sediment samples or in samples of the seep into NDP.  Only 
one herbicide (MCPP at a very low concentration of 3.50E-04 mg/L) was detected in NDP surface 
water (Appendix F Figure F-928 and Appendix C Table C5-4).  MCPP in NDL sediment may be the 
source of the MCPP detected in NDP, but NDP also receives flow from Doane Creek and there are 
other potential sources of herbicides upstream from NDP and Doane Creek, including Highway 30 
and other roadways located near where herbicides may have been applied.     

NDP   

8.6.5.4 Stormwater/Non-Stormwater and Storm Sewer Sediment  

Non-stormwater from City Outfall 22B (from MHs and the outfall) and stormwater and non-stormwater 
from City Outfall 22C were sampled for the RP RI.  Sediment cleaned out of the City Outfall 22B storm 
sewer system was also sampled.  Stormwater and non-stormwater from City Outfall 22C are screened 
against SLVs (human health and ecological) as part of the SCE in Sections 16.7 and 16.8. 

Stormwater from City Outfall 22B was sampled by the City and LWG as part of the Portland Harbor 
RI.  Although there is no overland connection from RP sources to the City Outfall 22B system, the 
stormwater data collected by others was evaluated to help address overall contribution from this storm 
sewer system to the River. 

The City Outfall 22B IRAM effectively eliminates infiltration of groundwater into the City Outfall 22B 
storm sewer system and therefore eliminates potential discharge of RP-related constituents to the 
outfall.  Herbicides detected in non-stormwater prior to IRAM implementation are likely from infiltration 

City Outfall 22B 
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of groundwater as well as overland (non-RP-related) sources.  Herbicides detected in storm sewer 
cleanout sediment suggest overland (non-RP-related) sources and limited transport and deposition 
with infiltrating groundwater.   

The herbicides dalapon, bromoxynil, and dinoseb were not detected in Outfall 22B non-stormwater 
samples.  Herbicides historically detected in the City Outfall 22B non-stormwater samples from 
manholes and the outfall include 2,4,5-T, Silvex, 2,4-D, 2,4-DB, dicamba, dichlorprop, MCPA, and 
MCPP.  Herbicides detected in non-stormwater samples at the outfall include 2,4,5-T, 2,4-D, 2,4-DB, 
dicamba, MCPA, and MCPP.   

Herbicides have not been detected since 2002 in non-stormwater samples collected upstream from 
City MH-6.  Concentrations of herbicides tended to increase at City MH-06 and City MH-05, then 
decrease toward the outfall.  The location and magnitude of detections in City Outfall 22B non-
stormwater generally correlate with concentrations in nearby Artificial Fill groundwater monitoring 
wells where groundwater is affected by multiple sources and constituents contributed to former Doane 
Lake.  Dicamba was not processed or formulated at the RP facility and is infrequently detected in 
groundwater, and therefore its presence in City Outfall 22B non-stormwater is not considered to be 
related to RP sources.   

City Outfall 22B storm sewer system cleanout sediment was segregated and separately sampled from 
the various portions of the storm sewer system.  The detected herbicides showed fairly consistent 
concentrations among the samples, with no clear trends in concentration or detected herbicide 
patterns pointing to specific sources, including RP sources.  Sources of sediment to the City Outfall 
22B storm sewer system are discussed in Section 7.2.5.4. 

Herbicides were not detected in cleanout sediment samples from 2006 (collected from the City portion 
of the system only).  The herbicides dalapon, MCPA, and MCPP were not detected in storm sewer 
cleanout sediment samples collected in 2009.  Samples from 2009 did contain 2,4,5-T, Silvex, 2,4-D, 
2,4-DB, bromoxynil, dicamba, dichlorprop, and dinoseb.   

The difference in sediment concentrations between 2006 and 2009 in the City portion of the system is 
not readily explained by a difference in detection limits or by changes in nearby shallow groundwater 
concentrations.  Between 2006 and 2009, StarLink effected a point-repair IRAM in the Outfall 22B 
system (Section 5), eliminating many of the significant groundwater leaks in the City portion of the 
system.  It is possible that this shifted the primary sediment sources to the system from sediment 
suspended in groundwater (less likely to transport herbicides to in-pipe sediment) to overland sources 
(more likely to transport herbicides adsorbed to soil from surface application or releases).  It is also 
possible that local soil disturbance by other parties (e.g., excavation in the utility corridor by NW 
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Natural) caused a pre-2009 influx of soil that may have been affected by local herbicide applications 
or historical releases in the former Doane Lake area. 

Storm sewer cleanout sediment from other properties in 2009 was found to contain various 
herbicides.  Bromoxynil, dichlorprop, and Silvex were not detected in sediment from the Schnitzer/Air 
Liquide property, bromoxynil was not detected in sediment from the Metro line located beneath 
Schnitzer property, and 2,4-D was not detected in sediment from NL/Gould or the Metro line located 
beneath Schnitzer property.  Dinoseb was only detected in sediment from Metro.  There is no distinct 
pattern of herbicides in sediment from these properties that suggests significant contribution from a 
single location (e.g., overland flow from a landscaped area to a catch basin).  It is more likely that the 
herbicides detected have accumulated over the last few decades from local surface application. 

Herbicides detected at Outfall 22C are very limited and not related to RP sources.  There was only 
one detection of dicamba in 2003 and one detection of MCPP in 2002 in City Outfall 22C stormwater 
and non-stormwater; no other herbicides were detected.  These constituents are not consistent with 
constituents in shallow groundwater near City Outfall 22C, nor have these constituents been detected 
in NDL media that could potentially mobilize during a severe storm event (i.e., surface water 
[Appendix C Table C5-4] or shallow sediment [Appendix C Table C7-3]).   

City Outfall 22C 

Herbicides have not been detected in Riverbank or beach area soils in the vicinity of potential 
constituent migration pathways from the RP property (e.g., City Outfall 22B, HDD).   

Riverbank Soil/Sediment 

8.6.6 Fate and Transport of Herbicides in Environmental Media in the RP Property 
Vicinity 

Herbicides were released to the environment as a result of former operations in the HA (releases to 
soil and groundwater), waste handling practices affecting the NPA (releases to soil and former Doane 
Lake), and likely through other use of herbicides for vegetation control in the area (releases to surface 
soil).  For both types of sources, herbicides are subject to the same fate and transport processes 
including transport into the former Doane Lake and via run-off, and biodegradation. 

Transport of herbicides away from source areas is most likely to occur in groundwater, because 
herbicides are relatively mobile in soil and soluble (Section 8.6.1).  This is supported by persistence of 
herbicides in the HA and LADD area soil and NAPL, near known source areas.  Most herbicides in the 
RI area investigated were detected in the former RP plant area with decreasing groundwater 
concentrations downgradient of these areas to approximately NW Front Avenue.   
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Other media with detected herbicides included sediment and surface water at former WDL and, to a 
much lesser to insignificant degree, sediment and surface water in NDL.  Herbicides detected in the 
City Outfall 22B storm sewer system non-stormwater have been generally at and downstream of MH-
6, consistent with nearby shallow groundwater concentrations.  The City Outfall 22B Expanded IRAM 
eliminates groundwater infiltration.  Herbicides detected in City Outfall 22B system cleanout sediment 
did not suggest that groundwater infiltration is the only source of herbicides to the system, but indicate 
multiple sources of herbicides.  City Outfall 22B storm sewer catch basins are or historically have 
been located on City, NL/Gould, Schnitzer/Air Liquide, Arkema, and Metro properties.  

Herbicides are expected to continue to attenuate under current and future environmental conditions.  
2,4-D, 2,4,5-T, and MCPA have been shown to be biodegraded by various microbes, such as 
Pseudomonas cepacia and Alcaligenes eutrophus, under aerobic conditions.  The potential 
biochemical transformation products include: 2,4,5-trichlorophenol, 2,5-dichlorohydroquinone, 2,4-D, 
2,4-dichlorophenol, chlorohydroxyquinone, and 3,5-dichlorocatechol (Haugland et al., 1990).  There 
are several other facultative and aerobic microbes that have also been shown to biodegrade 2,4-D, 
such as Flavobacterium, Arthrobacter and Azotobacter.  The biodegradation byproducts of 2,4-D for 
the aforementioned microbes include: 2,4-dichlorophenol, 3,5-dichlorocatechol, 4 chlorophenoxy-
acetate, 4-chlorophenol, and 4- chlorocatechol (Young and Jun Oh, 2010).  In addition to the wide 
variety of microbes that can biodegrade 2,4-D, other microbes such as Sphingomonas 
herbicidovorans MH have been shown to use dichlorprop as a sole carbon and energy source and the 
first step in biodegradation of dichlorprop was active transport via a proton gradient uptake system 
(Zipper et al., 1998).  

The potential for aerobic biodegradation of MCPP was evaluated under natural aquifer conditions at a 
site in Ontario, Canada (Agertved et al., 1992).  This study involved weekly injections of approximately 
0.4 mg/L of MCPP and the conservative tracer chloride (200 mg/L) for about 90 days.  After an 
adaptation period of about 42-56 days, MCPP was biodegraded from 0.4 mg/L to 0.03 mg/L.  

Based on a review of site data, it appears that the majority of herbicides that are present in site 
groundwater can be biodegraded by a wide variety of microbes under aerobic or microaerophilic 
conditions.  Therefore, it is not surprising that 2,4-D, dichlorprop, 2,4,5-T, MCPA, and MCPP have 
shown very low concentrations or downward trends in site groundwater, such as in wells W-09-116, 
RP-07-84, and  RP-04-41.  Silvex, which is more resistant to biodegradation, shows fairly consistent 
concentrations along the groundwater flow path (Appendix F, Figures F496-F499).   
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8.6.7 Summary of Transport Pathways 
The potential migration and exposure pathways for herbicide constituents are or were groundwater, 
former Doane Lake and former WDL, NDL, HDD, City Outfall 22B, and City Outfall 22C.  The potential 
for transport of herbicides along each of these pathways is described below. 

8.6.7.1 Groundwater 

The movement of groundwater from areas where dissolved herbicides may enter the groundwater 
system provides the potential groundwater transport pathway.  Historical releases to soil including 
areas where NAPL exists contribute herbicides to groundwater.  The groundwater pathway is a limited 
transport pathway for herbicides, primarily because of environmental fate processes that inhibit 
transport and discharge of herbicides except for Silvex.  Silvex is transported along the groundwater 
pathway in the dissolved phase following groundwater flow lines.  The flow lines starting from source 
areas transport Silvex through the Alluvial-Colluvial Gravel and CRBG between the RP property and 
the Riverbank.  The potential for transport of herbicides to the River is addressed in SCE Screening 
Section 16.   

The groundwater pathway has also historically transported herbicides to the City Outfall 22B storm 
sewer system and potentially to former WDL and NDL. 

8.6.7.2 Stormwater, Surface Water, and Sediment 

Former Doane Lake/Former WDL: Former Doane Lake is included in the RI as an historical 
constituent migration pathway that may have affected the distribution of RP and other facility 
constituents in shallow media within the footprint of the former lake.  Former Doane Lake and former 
WDL are not current pathways for constituent migration or receptor exposure.  Because former Doane 
Lake is filled and WDL has been solidified/stabilized, there is no transport mechanism available and 
no surface water for direct contact by receptors.  Potential transport of herbicides from former Doane 
Lake would occur through the groundwater pathway, although it is likely that constituents within the 
former lake sediment are bound to the sediment and not acting as an ongoing source to groundwater.  
Herbicides within former Doane Lake or former WDL that were either transported there through other 
pathways or were released to these areas are not a significant source for herbicides in the RP 
property vicinity.  This is demonstrated by the low concentrations in groundwater within the former 
Doane Lake footprint.   

NDL: NDL media (sediment, pore water, and surface water) have historically been affected by 
herbicides from RP and other sources and may currently receive herbicides from other sources.  The 
pathway from the RP property to NDL is no longer complete.  This is supported by a lack of herbicides 
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in NDL surface water samples collected in 2003 and the sporadic distribution of herbicides in NDL 
sediment.   

Herbicides have not been detected in NDP sediments or in groundwater from the seep into NDP.  
Only MCPP, at a concentration near the detection limit, was detected in NDP surface water and 
herbicides were not detected in the NDP seep (Section 8.6.5.3); further, the NDP is subject to sources 
of herbicides other than NDL.  The lack of herbicide detections in NDL and NDP surface water 
indicate that these are not current pathways for human or ecological receptors to be exposed to RP-
related herbicides.   

HDD: Herbicides detected in soil samples from the HDD and its immediate vicinity could have 
historically migrated from the multi-source former Doane Lake to the HDD.  However, the low 
concentrations and sporadic presence do not suggest that herbicides in HDD soil are or have 
historically been a source of herbicides to groundwater or to the River.  Surface soil in the HDD is 
addressed in SCE Screening Section 16.9.   

The RP property is not adjacent to the River; however, DEQ requested that bank erosion be included 
in the SCE as a potentially complete pathway.  There is the potential for bank erosion to occur in very 
limited areas along the Riverbank that may have been impacted by RP-related constituents present at 
the Riverbank as a result of historical pathways such as City Outfall 22B and the HDD.  It is much 
more likely that constituents present at the Riverbank in the RP vicinity are the result of sediment 
deposition from upriver sources or neighboring facility overland transport and overwater activities 
(e.g., Arkema). 

Herbicides have not been detected in Riverbank or beach area soils; therefore, there is no evidence 
that erosion of soil from the Riverbank is a pathway for RP-related herbicides.   

Stormwater/Non-stormwater, City Outfall 22B:  The City Outfall 22B storm sewer system is an 
historically complete pathway for transport of RP-related constituents in groundwater to the River, but 
is not considered a current or future pathway.  Herbicides have been detected in non-stormwater 
within the City Outfall 22B storm sewer system at concentrations fairly consistent with shallow 
groundwater, suggesting an historically complete pathway for herbicides from shallow groundwater to 
City Outfall 22B non-stormwater to the River.  Shallow groundwater in the vicinity of the City Outfall 
22B storm sewer is subject to multiple sources, as strongly suggested by detections of herbicides in 
City Outfall 22B cleanout sediment.  Sources of sediment to City Outfall 22B include overland flow to 
other property catch basins.  Overland sources would not be related to RP sources, as there is no 
pathway from RP sources to City Outfall 22B storm sewer system catch basins. 
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Herbicides have not been detected in beach sediment near the discharge of City Outfall 22B; 
therefore, there is no evidence that erosion of soil from the Riverbank is a pathway for RP-related 
herbicides. 

Stormwater/Non-stormwater, City Outfall 22C:  The City Outfall 22C storm sewer system is a potential 
pathway for transport of RP-related constituents from NDL to NDP to the River.  Herbicides have not 
been detected in NDP sediments or in groundwater from the seep into NDP, and were not detected in 
the most recent surface water samples from NDL.  Only MCPP, at a concentration near the detection 
limit, was detected in NDP surface water and herbicides were not detected in the NDP seep (Section 
8.6.5.3); further, the NDP is subject to sources of herbicides other than NDL.  There is no evidence 
that herbicides are transported from NDL or NDP through City Outfall 22C.  Herbicides in groundwater 
from RP sources do not intercept the City Outfall 22C storm sewer (Sections 6 and 7).   

Herbicides have not been detected in Riverbank or beach area soils near the discharge of City Outfall 
22C (Appendix C, Table C1-4); therefore, there is no evidence that erosion of soil from the Riverbank 
is a pathway for RP-related herbicides. 

8.7 ORGANOCHLORINE INSECTICIDES 

OCIs have been detected in all media sampled at the RP property vicinity and there are a number of 
potential sources of these OCIs.  

For the purpose of discussion, OCIs have been subdivided into four subgroups based on common 
physicochemical properties:   

1. DDx compounds (e.g., 4,4’-DDD, 4,4’-DDE, and 4,4’-DDT);  

2. BHCs and endosulfans (e.g., alpha-BHC, gamma-BHC (lindane), and endosulfan I and 
II);  

3. Chlorinated hydrocarbon insecticides (e.g., aldrin, dieldrin, and chlordane); and,  

4. Other OCIs (e.g., toxaphene, hexachlorobutadiene, mirex, and hexachlorobenzene).   

Sections 8.7.1 and 8.7.2 summarize the nature and extent, and fate and transport, of OCIs at the RP 
property and vicinity generally and by constituent class.  The OCI data is presented in Sections 8.7.4 
through 8.7.7.   
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8.7.1 Overall Conclusions Regarding OCIs 
OCIs detected in the RP RI data set were DDx, BHCs, endosulfans, aldrin, dieldrin, endrins, 
chlordane, hexachlorobenzene, hexachlorobutadiene, toxaphene, mirex, and perthane.  OCIs were 
not formulated at RP after 1969 (EMCON, 1992).  Hexachlorobutadiene, mirex, and perthane were 
not historically used in formulation and manufacturing operations.  Source areas for OCIs are the IA 
and the LADD area.  OCI sources on other vicinity properties include DDT and lindane at Arkema; 
generation of waste materials containing hexachlorobenzene, hexachlorobutadiene and other 
chlorinated hydrocarbon insecticides at Arkema; DDT at Kinder Morgan/Willbridge facility; fill material 
sourced from vicinity industrial properties and used to fill former Doane Lake; OCIs from insect control 
activities in the general area; runoff containing OCIs from surrounding properties including ESCO, 
NL/Gould, Schnitzer/Air Liquide, and RP; River dredge materials used as fill on the Siltronic, BNSF, 
NL/Gould, and Arkema properties that potentially contained OCIs from Arkema or up-River sources; 
and atmospheric deposition.    

Transport of OCIs from the RP property to the River is not complete based 1) the concentrations and 
distribution of OCIs, 2) the limited extent of OCIs from an RP source, and 3) natural attenuation 
processes downgradient of the source area.  DDx compound source areas at the RP property are 
small and are limited to soil in the IA and to a lesser extent the LADD area.  NAPL is not a source of 
DDx.  Endosulfans were not detected at concentrations greater than RSLs in the RP RI data set.  
BHCs were detected at concentrations greater than RSLs in samples from RP, Siltronic, and other 
vicinity properties, but were not detected in near-River wells with the exception of low-level detections 
on the Siltronic property.  There is no consistent pattern of chlorinated hydrocarbon insecticide 
detections between potential historical release areas on the RP property and the River.  Toxaphene 
and hexachlorobenzene were the only other OCIs detected at concentrations greater than RSLs in 
groundwater.  The distribution of toxaphene and hexachlorobenzene detections does not indicate a 
discrete source area within the RP property.  There is no evidence of a consistent pattern of other 
OCIs between potential historical release areas on the RP property and the River.  OCI 
concentrations detected at the RP property vicinity were generally low in concentration and sporadic. 

OCI analytical results are very dependent on the laboratory methods employed.  Earlier analytical 
methods often result in false positives, especially at low concentrations because of interference and 
undifferentiated or misinterpreted chromatogram peaks.  RI groundwater samples collected prior to 
2007 were analyzed for OCIs by the standard EPA 8080 or EPA 8081A techniques using GC/ECD.  
Samples collected since 2007 were analyzed by GC/HRMS or GC/MS/MS.  Standard GC/ECD and 
low-level GC/ECD do not offer sufficiently low detection limits to be useful and both are subject to 
false positive results as described in the Data Quality Assessment and Evaluation of the Usability of 
Insecticide Data from Groundwater Samples paper developed by AMEC in 2008 (AMEC, 2008g).  
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Ultra-trace-level GC/ECD gives detection limits sufficiently low to be usable, but is also subject to 
false positive results because the ECD is a nonspecific detector that responds to any organic 
constituent with delocalizable electrons in the bonding systems, as well as some inorganic substances 
such as sulfur.  Samples analyzed by GC/ECD with OCI detections were re-analyzed by GC/HRMS or 
MS/MS when possible, to confirm the reliability of the detections.  Some of the low-level OCI 
detections in the RP RI data set may be false positive results related to the presence of interfering 
compounds such as PAHs.  Therefore, interpretation of OCI results requires consideration of the 
analytical methods employed.  Any results generated by GC/ECD must be considered suspect unless 
verified by another more definitive technique, and results for samples collected before 2007 are 
therefore not considered reliable as an indication of downgradient extent of OCIs in groundwater. 

8.7.2 Overall Conclusions Regarding Specific Analyte Class 
8.7.2.1 DDx (e.g., 4,4’-DDD, 4,4’-DDE, and 4,4’-DDT)  

DDx compounds were detected in all media in the RP RI data set.  DDx historically was 
manufactured, formulated, or handled in the IA, and at the Arkema and Kinder Morgan/Willbridge 
sites.  Multi-source fill used in former Doane Lake, runoff, and the local use of DDT for insect control 
are also potential sources.  Historical operation areas at the Kinder Morgan/Willbridge Site where 
DDT was received, stored, formulated, and distributed by Shell also are a source of DDT.  Historical 
Shell operations at the Kinder Morgan/Willbridge Site generated waste consisting of a mixture of DDT 
and carrier diesel oil that Shell referred to as “insecticide slop” that was disposed of on site.  The 
extent of these source areas are not delineated because of limited investigations on these properties.  
Areas containing fill or dredge spoils in the RP property vicinity and the use of DDT for insect control 
are also potential sources of DDT.    

The data distribution and concentrations indicate the presence of DDx source areas at the RP 
property and on the Arkema property.  RP DDx compound source areas are small and are in soil in 
the IA and to a lesser extent the LADD area.  NAPL is not a source of DDx.  The 4,4’-DDx isomers 
define the extent of this OCI subgroup.  DDx compounds do not extend to the River from RP source 
areas.  Arkema is the primary source of DDx compounds based on:   

1.  The distribution and concentrations of DDx indicate source areas at the RP property in 
the IA and LADD area, and Arkema Site.  DDx compounds were not detected above 
groundwater RSLs in RP property groundwater samples collected since 2007 and 
analyzed by GC/HRMS or GC/MS/MS, except for one sample, since early 2007.  The 
only DDx groundwater RSL exceedance outside of the Arkema property in samples 
collected since use of more specific methods was implemented in 2007 was 4,4’-DDD, in 
a single sample from the LADD area.  
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2. DDx compounds were detected above RSLs in the Artificial Fill and Fine-Grained 
Alluvium at Arkema in samples collected since 2007 and analyzed by GC/HRMS or 
GC/MS/MS.   

3.  Constituents that originate in the IA would follow groundwater flow toward the River, 
consistent with the CSM.   

4.  4,4’-DDx concentrations decrease from the RP source areas toward the River and are 
below RSLs at N.W. Front Avenue. 

5.  Concentrations increase as groundwater moves beneath the Arkema property, and 
exceed RSLs at the River.  DDx sources are present at the Arkema property, based on 
groundwater concentrations.   

6.  If constituents were to migrate from RP source areas, those constituents would be 
detected in the Alluvial-Colluvial Gravel or the CRBG in wells near the Riverbank, and 
not in the Artifical Fill and upper portion of the Fine-Grained Alluvium (Figure 6-V).  DDx 
compounds are not detected in the Alluvial-Colluvial Gravel or CRBG away from the RP 
source areas.   

7.  The highest DDx concentrations in Arkema groundwater were detected in the Fine-
Grained Alluvium and the Artificial Fill, indicating a source is located on the Arkema Site.   

8.  There is no evidence of widespread DDx concentrations greater than RSLs in soil or 
groundwater on the other vicinity properties.  

DDx was bound to sediments from former WDL, and to a limited extent in the sediments of NDL.  
Former WDL has been stabilized and capped so DDx cannot be transported through surface water or 
sediment.  NDL and NDP data indicate that DDx bound to NDL sediment is not transported through 
surface water or sediment pathways.  DDx was reported as detected in stormwater and non-
stormwater samples from the City Outfall 22B and Outfall 22C storm sewer systems at concentrations 
less than 5.0E-05 mg/L, and these concentrations were qualified as tentatively identified during 
validation.  DDx compounds were detected in storm sewer cleanout  sediment samples; however, the 
analytical data for stormwater and non-stormwater indicate that DDx compounds are not leaching 
from sediment to water. 

BHCs and Endosulfans (e.g., alpha-BHC, lindane, and endosulfan I and II) Endosulfans were not 
detected at concentrations greater than RSLs in the RP RI data set.  BHCs were detected at 
concentrations greater than RSLs in soil samples from the IA, the LADD area, and in one sample from 
the Siltronic property, and in groundwater from the RP property and several surrounding properties.  
BHCs were not detected in near-River wells, with the exception of low-level detections on the Siltronic 
property.  There is no evidence of a consistent pattern of detections of endosulfan or BHC between 
the RP property and the River.  
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There are several historical sources of endosulfan and BHCs at the RP property and vicinity.  
Endosulfan I, endosulfan II, and gamma-BHC were formulated and stored in the IA between 1945 and 
1969 (EMCON, 1992).  In 1953, the Pennsylvania Salt Manufacturing Co. was reportedly either 
formulating or manufacturing BHC at what is now the Arkema property (Food Ag Chem., 1953), and 
high concentrations of these COIs have been detected in groundwater under Arkema Lot 4 (ERM, 
2005; Peterson, 2008).  The filling of former Doane Lake with soil and fill material from various 
industrial activities by surrounding property owners may have introduced OCIs including endosulfans 
and BHC compounds to the former Doane Lake area, the LADD area, former WDL, and NDL.   

There is no consistent pattern of endosulfan or BHC detections between the RP property and the 
River.  Endosulfans have not been detected at concentrations greater than soil or groundwater RSLs 
during any sampling event.  Historical endosulfan detections below groundwater RSLs were 
widespread at the RP property vicinity, with no clear source areas.  Endosulfan concentrations 
detected since 2007 were extremely low (less than 4.00E-05 mg/L).  BHCs were detected above soil 
RSLs in the IA, in very isolated soil samples from former Doane Lake and the Siltronic property, and 
at very low levels in groundwater in the HA and IA.  The only BHC detections above groundwater 
RSLs were in the LADD area.  BHCs were not detected in wells at Lot 1 or Lot 2 of the Arkema 
property, but BHCs were detected in wells located on Arkema Lot 4 at concentrations ranging 
between 1.40E-05 mg/L for alpha-BHC to 0.00123 mg/L for delta-BHC (ERM, 2010).  BHCs were not 
detected in the groundwater flow path from RP source areas, demonstrating that the RP property is 
not a source of BHCs to the River. 

Endosulfans were detected in groundwater at concentrations below the RSLs at the RP property and 
vicinity properties.  The highest concentrations were identified in the LADD area; however, there is no 
clear source area, and concentrations decrease to very low levels (less than 5.0E-05 mg/L) in 
samples from the ESCO and Arkema properties between the LADD and the River. 

BHCs and endosulfans were bound to sediments from former WDL and to a limited extent within the 
sediments of NDL.  Former WDL has been stabilized and capped so constituents cannot be 
transported through surface water or sediment.  NDL and NDP data indicate that BHCs and 
endosulfans bound to NDL sediment is not transported through surface water or sediment pathways.  
BHCs and endosulfan detections in stormwater and non-stormwater samples from the storm sewer 
systems leading to City Outfall 22B and at City Outfall 22C were very low.  BHCs and endosulfans 
were detected in storm sewer cleanout  sediment samples; however, the analytical data for 
stormwater and non-stormwater show that these compounds are not leaching from sediment to water. 
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8.7.2.2 Chlorinated hydrocarbon insecticides (e.g., aldrin, dieldrin, and chlordane)  

Aldrin, dieldrin, endrin, chlordanes (alpha- and gamma-chlordane, cis-nonachlor, methoxychlor, 
oxychlordane, and trans-nonachlor), and heptachlor are structurally similar chlorinated hydrocarbon 
insecticides.  The term “chlorinated hydrocarbon insecticide” is used to refer to these compounds and 
their breakdown products.  Aldrin and dieldrin were widely used as insecticides in the United States 
from the 1950s until 1970, when they were banned except for use in termite control.  All uses of aldrin 
and dieldrin were banned in 1989 (ATSDR, 2002a).  Endrin was used to control insects, birds, and 
rodents in the United States from 1951 until the mid-1980s.  Endrin was also historically released to 
the environment as a contaminant in dieldrin (ATSDR, 1996).  Chlordane and heptachlor were 
historically used as domestic and agricultural insecticides in the United States.  

It is clear that RP is not a source of chlorinated hydrocarbon insecticides to the River, based on the 
following: 

1.  There is no consistent pattern of chlorinated hydrocarbon insecticide detections between 
potential historical release areas on the RP property and the River;  

2. Consistent detections of chlorinated hydrocarbon insecticides above RSLs related to RP 
operations are limited to the RP property;  

3.  Chlorinated hydrocarbon insecticides were not detected at concentrations greater than 
RSLs in near-River samples or samples collected from the other properties in the vicinity 
of the RP property analyzed by GC/MS/MS or GC/HRMS; and, 

4.  The distribution and concentrations of DDx constituents near the River are consistent 
with known Arkema sources. 

Samples on the RP property with concentrations above RSLs were largely limited to samples within 
the historical formulation and storage areas near the former dust plant building and within 20 feet of 
the ground surface.  These RSL exceedances are surrounded by soil results that are less than RSLs 
or results that are non-detected. 

Several chlorinated hydrocarbon insecticides were detected above RSLs in groundwater beneath the 
RP property, but are not continuously present between the RP property and the River.  Aldrin, dieldrin, 
and endrin ketone were detected at the highest concentrations at the RP property in the Artificial Fill 
and the Fine-Grained Alluvium, consistent with the identified source area in the IA.  One or more of 
the chlorinated hydrocarbon insecticides or their breakdown products was detected at a concentration 
greater than the RSLs on the Metro, BNSF, City, NL/Gould, Schnitzer, and Siltronic properties in 
samples analyzed by EPA Method 8081A.  Samples collected before March 2007 were analyzed by 
EPA Method 8081A.  Low-level concentrations detected using EPA Method 8081A are considered 
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tentatively identified, unless the detections were confirmed using alternate methods such as 
GC/HRMS.  Most detections were not confirmed during later sampling and analysis. 

Samples were collected for analysis by GC/MS/MS and GC/HRMS in 2007, 2008, and 2009 from 
wells on the Metro, NL/Gould, Schnitzer, and Siltronic properties and in the BNSF right-of-way 
between NDL and the River.  Aldrin, dieldrin, gamma-chlordane, and heptachlor epoxide were 
detected at concentrations greater than the RSLs in the Fine-Grained Alluvium in ASW-01A and 
ASW-04(18) located in the southwestern area of the Metro property near the boundary with the IA.  
Dieldrin was detected at a concentration slightly greater than the RSL in one sample from the Artificial 
Fill in a well in N.W. Front Avenue, and one sample from the Artificial Fill on the Schnitzer property.  
Chlorinated hydrocarbon insecticides were not detected at concentrations greater than RSLs in near-
River samples or samples collected from the other properties in the vicinity of RP and analyzed by 
GC/MS/MS or GC/HRMS. 

8.7.2.3 Other OCIs (e.g., toxaphene, hexachlorobutadiene, mirex, and 
hexachlorobenzene) 

Constituents detected by GC/ECD, GC/HRMS, or GC/MS/MS that do not fit into one of the previously 
described subcategories include toxaphene, hexachlorobutadiene, mirex, and hexachlorobenzene, 
which are hereafter referred to as “other OCIs.”  Mirex was a dimer of hexachlorocyclopentadiene 
produced by the Hooker Chemical Company that was also sold as a flame retardant under the trade 
name Dechlorane.  Records show that the Hooker Chemical Company sold three times as much 
Dechlorane as mirex (NAS, 1978).   

There is no record of the use, formulation, or manufacture of mirex or hexachlorobutadiene at the RP 
property.  Hexachlorobenzene and toxaphene were used in insecticide formulation in the IA.   

Toxaphene and hexachlorobenzene were the only other OCIs detected at concentrations greater than 
RSLs in groundwater.  Toxaphene and hexachlorobenzene were detected above RSLs in 
groundwater samples from the HA, IA, LADD area, and former Doane Lake.  The distribution of 
toxaphene and hexachlorobenzene detections does not indicate a discrete source area within the RP 
property.  Hexachlorobutadiene and mirex were not detected consistently or at significant 
concentrations at the RP property and vicinity.  Chlorinated hydrocarbon insecticides were not 
detected at concentrations greater than RSLs in near-River samples or samples collected from the 
other properties in the vicinity of the RP property and analyzed by GC/MS/MS or GC/HRMS. 
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There is no evidence of a consistent pattern of other OCIs between potential historical release areas 
on the RP property and the River.  OCI concentrations detected at the RP property vicinity were 
generally of low concentration and sporadic.   

8.7.3 Analytical Limitations to OCI Identification  
Representativeness of OCI results is dependent on the analytical method used.  Some methods are 
highly susceptible to matrix interferences from a variety of halogenated organic compounds as well as 
PAHs and other aromatic organic constituents, resulting in a false positive bias in results.  Most of the 
OCI data from the RP property and vicinity was generated using either EPA Method 8080 (before 
1997) or Method 8081A (after 1997).  Both of these methods use an electron-capture detector (ECD), 
which is a sensitive but non-specific detector for halogenated compounds, and relies only on retention 
times on two dissimilar analytical columns for analyte identification.   

OCI analysis using ECD is highly susceptible to matrix interference from a variety of halogenated 
organic compounds, as well as PAHs, phthalate esters, sulfur, organophosphorus pesticides, 
chlorinated phenols, and PCBs, as described in EPA Method 8081B (EPA, 2007b).  This can result in 
chromatographic peaks that closely resemble retention times for OCIs or can interfere with the 
specific OCI peaks.  Both types of interferences result in a positive bias in the calculated result.  OCI 
data for samples collected before 1997 did not undergo validation, and potential interferences from 
other halogenated organic compounds were not identified.  There is a significant difference in OCI 
results between pre-1997 samples analyzed using 8080 and samples analyzed between 1997 and 
2007 using 8081A.  Therefore, the pre-1997 OCI data are considered potentially unreliable and must 
be interpreted with caution. 

In 2007, AMEC performed a data evaluation comparing OCI results from ECD analyses against 
results obtained from gas chromatography with high-resolution mass-spectrometric detection 
(GC/HRMS, or simply HRMS) and gas chromatography with tandem mass-spectrometric detection 
(GC/MS/MS).  One set of samples was first analyzed using 8081A analysis.  All detections were 
confirmed by GC/MS/MS analysis.  Many of the OCI detections from the 8081A analyses were not 
confirmed when the samples underwent the GC/MS/MS confirmation analyses.  The second set of 
samples was collected in April 2007 and analyzed using HRMS.  Samples were collected from the 
same wells in May 2007 and analyzed using 8081A analysis.  Many of the analytes detected in the 
8081A analyses were qualified as being tentatively identified because of excess difference between 
concentrations from the primary and confirmation analyses, as required by EPA Method 8081A.  
Almost all of the analytes that were tentatively identified by 8081A analyses were not detected when 
the samples were analyzed by HRMS.  The results of this data evaluation were presented in the Data 
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Quality Assessment and Evaluation of the Usability of Insecticide Data from Groundwater Samples 
(AMEC, 2008g) submitted to DEQ on March 21, 2008. 

Since 2007, most of the OCI data from the RP property and vicinity were analyzed using an isotope 
dilution procedure.  In the isotope dilution procedure, isotopically-labeled analogs of target analytes 
are added to the sample before extraction to act as internal standards.  Almost all target analytes 
have labeled analogs, making it possible to determine the effect of sample-specific interference on 
specific target analytes.  With the assumption that the behavior of the labeled and non-labeled 
analytes will be identical through all sample preparation steps, it is possible to compensate for any 
analyte loss during sample preparation.  Extracts from the isotope dilution procedure were analyzed 
using either HRMS or GC/MS/MS.  

HRMS analysis depends on four parameters for analyte identification and quantification: (1) the 
chromatographic peak’s response must be greater than, or equal to, three times the background noise 
level; (2) the peak’s retention time must be within the retention time window established during initial 
calibration;  (3) peaks for both the primary and confirmation ions must maximize within two seconds of 
each other; and (4) ion abundance ratios for all target analytes and their labeled analogs must be 
within method-specified acceptance limits that are based on theoretical ion abundance ratios.  HRMS 
analysis eliminates the need for secondary confirmation analysis and makes it possible to achieve 
detection limits much lower than those obtainable using ECD analysis.   

GC/MS/MS analysis depends on the presence of two characteristic primary (parent) ions and 
characteristic progeny (daughter) ions, produced by collision-induced dissociation, for analyte 
identification and quantification.  This method can therefore distinguish target analytes from other 
compounds with parent ions of the same mass-to-charge (m/z) ratio because the daughter ions are 
dependent on the chemical structure of the parent ion.  GC/MS/MS analysis can either scan the 
daughter ions of a chosen parent or the parents of a chosen daughter, making it possible to analyze 
directly for specific compounds at very low levels in complex matrices. 

Standard GC/ECD and low-level GC/ECD do not offer sufficiently low detection limits to be useful and 
both are subject to false positive results.  Ultra-trace-level GC/ECD gives detection limits sufficiently 
low to be usable, but is also subject to false positive results.  Samples analyzed by GC/ECD with OCI 
detections were re-analyzed by GC/HRMS or MS/MS when possible, to confirm the reliability of the 
detections.  Some of the unconfirmed low-level OCI detections in the RP RI data set may be false 
positive results related to the presence of interfering compounds such as PAHs. 
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8.7.4 DDx 
DDT (dichlorodiphenyltrichloroethane) was used to control insects on agricultural crops and insects 
that carried diseases.  DDE and DDD are related chemicals typically found as contaminants in 
commercial DDT.  They are breakdown products of DDT.  DDD was also previously used as an 
insecticide.  The use of DDT was banned in the United States in 1972.  DDx refers to the 2,4’ and 4,4’ 
isomers of DDT, DDD, and DDE in this report. 

DDx historically was manufactured, formulated, or handled at the IA, and on Arkema and Kinder 
Morgan/Willbridge properties.  Multi-source fill used in former Doane Lake, runoff, and the local use of 
DDx for insect control are also potential sources.  DDx distribution and concentrations indicate source 
areas at the RP property in the IA and LADD area, and at the Arkema property.  DDx compounds in 
groundwater were detected in samples near where detections in soil were the highest near the IA and 
Arkema source areas.  There is no evidence of widespread DDx concentrations greater than RSLs in 
soil or groundwater on the vicinity properties with the exception of Arkema.   

Data indicate that DDx concentrations in groundwater at the RP property are decreasing steadily over 
time, and that DDx compounds are not migrating downgradient from the RP property.  Degradation of 
DDT is occurring throughout the RP property vicinity.  The highest DDx concentrations detected by 
HRMS methods in the RP RI data set occur on the Arkema property and the Riverbank.  Locations 
with detected DDx concentrations on the RP property are separated from the detections on the 
Arkema property by locations where DDx was not detected or areas of lower DDx concentrations 
(Appendix F, Figures F-516 through F-531).  The distribution of DDx compounds in soil and 
groundwater indicates that DDx in near-River wells on the Arkema property are associated with 
historical DDT manufacturing and disposal operations at the Arkema property.  Although the Arkema 
property data in the RP RI data set are almost entirely from Arkema Lots 1 and 2, historical 
information and Arkema documents in DEQ files confirm that Arkema’s historical DDT manufacturing 
on Lots 3 and 4 and disposal operations on Lots 1 and 2 are sources of DDx (Appendix L). 

8.7.4.1 Physical Properties/Environmental Fate of DDx 

DDx compounds have low aqueous solubilities and bind strongly to soil and sediment when released 
to the environment.  DDx are not expected to mobilize through soil or from soil to water.  Some DDx in 
surface soil may volatilize DDT in soil or sediment readily degrades to DDE or DDD by photooxidation 
and by biodegradation by bacteria, fungi, and algae.  DDT biodegrades to DDE under aerobic 
conditions and to DDD under anaerobic conditions.  Further biodegradation of DDE and DDD may 
occur in soil depending on soil conditions and microbial populations (ATSDR, 2002b).  The DDT 
isomer is expected to predominate in undegraded DDT insecticide, with only minor amounts of DDD 
and DDE isomers present.  Additionally, while DDD was sometimes used as a pesticide, DDE had no 
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commercial use and was present only as a contaminant in DDT or as a DDT breakdown product.  
Degradation of DDT is therefore indicated in cases where the DDD and DDE are present at similar 
concentrations to DDT. 

DDx compounds bioaccumulate in fatty tissues and milk of exposed organisms and biomagnify up the 
food chain due to their lipophilic properties and long half-lives (ATSDR, 2002b). 

8.7.4.2 Data 

NAPL, soil, groundwater, sediment, surface water, stormwater sediment and fish tissue at the RP 
property and vicinity were sampled and analyzed for OCIs.  Over 1,000 samples including field 
duplicates were analyzed and results are presented in tables in Appendix C and as shown on figures 
in Appendix F as indicated below. 

Data Sets 

● Soil:  Table C1-5; Figures F-0151 to F-0204 

● Groundwater:  Tables C3-5 (monitoring wells) and C2-4 (borings); Figures F-0516 to F-
0587 and F-0779 to F-0796 

● Sediment and surface water:  Table C7-4 and C5-5; Figures F-0929 to F-0945 

● Stormwater/Nonstormwater: Table C8-4; Figures F-1139 to F-1156 

● Biota: Table C9-2 

● Storm Sewer Cleanout Sediment:  Table C10-5 

● NAPL:  Table C4-4; Figures F-0860 to F-0876 

RI groundwater samples collected prior to 2007 were analyzed for DDx by the standard EPA 8080 or 
EPA 8081A methods, which use GC/ECD.  Samples collected since 2007 were analyzed by 
GC/HRMS or GC/MS/MS.  Standard GC/ECD and Low-level GC/ECD do not offer sufficiently low 
detection limits to be useful and both are subject to false positive results.  Ultra-trace-level GC/ECD 
gives detection limits sufficiently low to be usable, but is also subject to false positive results.  
Samples analyzed by GC/ECD with OCI detections were re-analyzed by GC/HRMS or MS/MS when 
possible, to confirm the reliability of the detections.  Some of the low-level DDx detections in the RP 
RI data set are false positive results related to the presence of interfering compounds such as PAHs 
(AMEC, 2008g), and data generated before use of more selective methods was implemented in 2007 
must be used with an understanding of this potential error.  

Data Usability 
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Evaluations of DDx constituents in groundwater are based on monitoring well data because it is more 
reliable.  Soil boring samples are not used although groundwater samples from borings generally 
show similar trends.  

8.7.4.3 Sources of DDx in the RP Property Vicinity 

DDx historically was manufactured, formulated, or handled at the IA, and on Arkema and Kinder 
Morgan/Willbridge properties.  Multi-source fill used in former Doane Lake, runoff, and the local use of 
DDx for insect control are also potential sources    

Insecticide formulation at the RP property began in 1945.  The formulation of insecticides was 
discontinued in stages in the late 1960s, with all insecticide formulation ceasing in 1969 (EMCON, 
1992).  DDx compounds were detected in soil in the IA and, to a lesser extent, the LADD source 
areas. 

DDT historically was manufactured at the Arkema property.  The Arkema plant produced a number of 
agricultural chemical products, including the chlorates, chloral, DDT, chlorinated acetone, BHC, and 
magnesium chloride hexahydrate.  Historical documents report that DDT manufacturing process 
wastes were discharged to the River, to a pond and overflow trench located between the process 
building and the River, to other areas of the Arkema property including Lot 1, and to former Doane 
Lake.  The waste pond and trench were constructed and operated to function as seepage disposal 
impoundments (ERM, 2005).  DDT wastes were encountered during excavation at the Arkema 
property in 1992 and 2004 (CH2MHill, 1995). 

From 1953 through 1955, Shell received, stored, formulated, and distributed DDT at the Kinder 
Morgan/Willbridge Site.  Historical Shell operations at the Kinder Morgan/Willbridge facility generated 
waste consisting of a mixture of DDT and carrier diesel oil that Shell referred to as “insecticide slop” 
that was disposed of on site.  The DDT and carrier oil insecticide slop was buried in a trench parallel 
to and along the south side of the Saltzman Creek flume at the Site (KHM, 2003).  A 2008 
investigation of erodible soil along the River adjacent to the Kinder Morgan/Willbridge, Chevron, and 
Conoco docks identified DDT, DDD, and DDE insecticides (DELTA, 2008). 

The filling of former Doane Lake with soil and fill material from various industrial activities by 
surrounding property owners may have introduced DDx compounds to the NPA, the LADD area, 
former WDL, and NDL.  The historical placement of River dredge material as fill on the Siltronic and 
Arkema properties may also contribute constituents including DDx to soil and groundwater in near-
River samples. 
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Historical widespread use of DDx for insect control contributes to the constituents detected at the RP 
property and vicinity.  This is supported by the presence of 4,4’-DDT detected at 0.0016 mg/kg in a 
2007 LWG sediment sample collected from Doane Creek west of Highway 30 and the RP property 
vicinity (LWG, 2008). 

8.7.4.4 Nature and Extent of DDx in Environmental Media in the RP Property Vicinity 

DDx distribution and concentrations indicate source areas at the RP property in the IA and LADD 
area, and at the Arkema Site.  The highest DDx concentrations in the RP property vicinity have been 
reported in Arkema documents as being located near DDT manufacturing areas on Arkema Lot 3 and 
Lot 4.  DDx compounds on the RP property were detected at the greatest concentrations in soil in the 
area immediately surrounding the former dust plant building in the IA.  DDx concentrations in soil 
generally decrease with distance from the former dust plant building.  DDx detections on the 
Schnitzer, ESCO, and Siltronic properties were isolated and low-level.  DDx compounds were 
detected above RSLs in soil along the Riverbank at Arkema, where DDT manufacturing wastes were 
buried and where Willamette River dredge material historically was used as fill (Figures F-151 through 
F-162).   

DDx compounds were not detected consistently in groundwater samples from off-site properties with 
the exception of the Arkema Site.  The source of DDx compounds in Arkema groundwater is on the 
Arkema property based on: 

1.  The only DDx groundwater RSL exceedance outside of the Arkema property in samples 
collected since early 2007 was 4,4’-DDD in a single sample from the LADD area.   

2.  If DDx was migrating from RP source areas, it would be detected in the Alluvial-Colluvial 
Gravel or the CRBG in wells near the Riverbank and not in the fill and upper portion of 
the Fine-Grained Alluvium (Figure 6-V).  DDx compounds are not found in the Alluvial-
Colluvial Gravel or CRBG away from the RP source areas.  DDx compounds were 
detected above RSLs in the Artificial Fill and Fine-Grained Alluvium at Arkema in 
samples collected since early 2007 and analyzed by GC/HRMS or GC/MS/MS.   

3.  4,4’-DDx concentrations decrease from the RP source areas toward the River and are 
below RSLs at N.W. Front Avenue. 

4.  DDx concentrations increase and exceed RSLs at the River as groundwater moves 
beneath the Arkema property, consistent with the known sources on the Arkema 
property.     

5.  The highest DDx concentrations in Arkema groundwater were detected in the Fine-
Grained Alluvium and the Artificial Fill, again consistent with the known sources on the 
Arkema property.   
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6.  There is no evidence of widespread DDx concentrations greater than RSLs in soil or 
groundwater on the other vicinity properties.  

Soil 

IA: DDx concentrations greater than RSLs in IA soil are limited to the area immediately surrounding 
the former dust plant building and within 10 feet of the ground surface.  These RSL exceedances in 
the central area of the IA are surrounded by samples where DDx was not detected or was detected at 
concentrations much less than the RSLs, indicating that DDx constituents in the IA soil were not 
transported to vicinity properties.  Many of the sample results in the IA are low concentrations of DDx, 
and likely represent false positives for soil results generated by EPA Method 8080 or 8081A. 

Source Area Soils   

HA:  Although DDx was detected in the HA, it was not a release area for DDx.  Many of the sample 
results in the HA report low concentrations of DDx.  These low concentrations were generated by EPA 
Method 8080 or 8081A, and likely represent false positives related to other organic constituents 
present in the HA.  In the absence of confirmation data using more selective and accurate methods, 
these data must be interpreted cautiously, and with an understanding of the likelihood of the presence 
of false positives in the data set.  4,4’-DDT concentrations in HA soil ranged from 0.0017 mg/kg to 3.3 
mg/L, with the exception of the single RSL exceedance discussed below. 

DDx detections in the HA, if real, represent impacts from the neighboring IA or minor localized 
releases.  DDx concentrations vary across the HA and do not represent a significant or continuous 
release area.  DDx concentrations in the HA were far less than in the IA, and RSLs were exceeded in 
only one HA soil sample.  4,4’-DDT (109 mg/kg) and 4,4’-DDD (52.4 mg/kg) were detected at 
concentrations greater than RSLs in the soil sample collected from 8 feet bgs in HA-203 located in the 
northwestern portion of the HA.  This is likely a false positive result because 1) DDx compounds were 
not detected in a sample collected from the same boring at 2 feet bgs, 2) HA-203 is surrounded by 
samples where DDx was not detected or was detected at concentrations much less than the RSLs, 
and 3) in the remaining locations, where  reported DDx detections were less than the RSLs, the 
greatest DDx concentrations were typically associated with samples collected within 2 feet of the 
ground surface.   

LADD Area: DDx compounds were not consistently detected at concentrations greater than RSLs in 
soil from the LADD.  The distribution and concentrations indicate it is not a release area.  4,4’-DDT 
and 4,4’-DDD were detected at concentrations greater than RSLs in three spatially separate soil 
samples: at 65 mg/kg in LA-10 (6 to 7 feet bgs), located just northeast of the LADD area; at 8.8 mg/kg 
in CELL511 (surface soil), located near former WDL; and at 34.44 mg/kg in LADD-103 (0 to 1 foot 
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bgs), located in the LADD area.  The detection in LADD-103 was more than two orders of magnitude 
greater than any other LADD area samples.    

Arkema Riverbank: DDx compounds were detected at soil sampling locations along the Riverbank at 
Arkema, where DDT manufacturing wastes were buried, and where River dredge material historically 
was used as fill.  4,4’-DDT was detected at 7.3 mg/kg (greater than the RSL of 7 mg/kg) in a sample 
collected from 7 feet bgs in ARK-20 located on the Riverbank.  DDx compounds were detected at 
lower concentrations in soil samples collected on the Riverbank between City Outfall 22B and ARK-
20.  DDx compounds also were detected in soil sample ARK-08 collected in the upland area of 
Arkema Lot 3.  Arkema removed 1,700 cubic yards of DDT-contaminated soils from Lot 1 in 1994 
(Appendix L).  The detection of DDx on the Arkema Riverbank is consistent with known operations 
and disposal at the Arkema Site (Appendix L). 

The NAPL area at the RP property is not a source for DDx.  Samples from six monitoring wells in the 
NAPL area in the northern portion of the HA, the southern end of NDL, and the northern side of NDL 
were collected and analyzed for DDx compounds.  DDx compounds were not detected in NAPL 
samples. 

Non-Source Area Soil 

The former Doane Lake area was filled with soil and fill material from various industrial activities by 
surrounding industrial property owners from the 1950s through the 1970s.  The low-level DDx in soils 
may be associated with the historical placement of fill material.   

DDx compounds were detected in HDD soil samples, with the exception of the locations closest to the 
River (HDD-201 and HDD-202).  4,4’-DDT was typically detected at concentrations greater than its 
metabolites 4,4’-DDD and 4,4’-DDE.  The greatest concentrations of 4,4’-DDT in surface soil were 
detected in samples collected to the east of the HDD and adjacent to the Arkema property (HDD-213 
[1.03 mg/kg], HDD-209 [1.05 mg/kg], and HDD-206 [1.44 mg/kg]).  These detections suggest that the 
historical handling and disposal of DDT-containing waste generated on the adjacent Arkema property 
is the source of 4,4’-DDT to the HDD.  4,4’-DDT was detected at greater concentrations in the HDD 
than in the LADD area, with the exception of results of LADD-103 (0 to 2 feet bgs), indicating 
management of DDT manufacturing wastes on Arkema Lot 1 is the likely source of  DDx detected in 
the HDD. 

DDx concentrations on the Schnitzer, ESCO, and Siltronic properties were isolated, low-level, and do 
not represent areas of continuous detection.  The maximum DDx concentration detected at these 
properties was 4,4’-DDT at 0.290 mg/kg (less than the RSL of 7.00 mg/kg) on the Siltronic property.  
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This result was obtained using Method 8081A and may be a false positive related to interference from 
PAHs.  

Groundwater 

The DDx distribution and concentrations indicate source areas at the IA and the LADD area, and a 
distinct source on Arkema property.  DDX concentrations in groundwater were greatest in the source 
areas both laterally and vertically through the hydrogeologic units.  DDx compounds were detected 
above RSLs in historical IA groundwater samples analyzed by GC/ECD, but have not been detected 
above RSLs in samples analyzed since 2007 by GC/HRMS.  DDx concentrations typically decrease 
away from the source area in the IA to concentrations below the RSLs or to nondetectable 
concentrations at downgradient wells between RP and Arkema.   

Source Area Groundwater 

DDx concentrations at the Arkema Site are greater than those near N.W. Front Avenue located 
upgradient of Arkema and downgradient of the IA.  DDx compounds were detected above RSLs in 
Arkema groundwater samples collected since 2007 and analyzed by GC/HRMS.  The highest DDx 
concentrations in Arkema groundwater were detected in shallow groundwater within 20 feet of the 
ground surface in the Artificial Fill and the Fine-Grained Alluvium.  The presence of DDx in shallow 
Arkema groundwater at concentrations greater than those in upgradient wells near NW Front Avenue 
demonstrates the presence of a DDx source to groundwater at Arkema based on: 

1. The only DDx groundwater RSL exceedance outside of the Arkema property in samples 
collected since early 2007 was 4,4’-DDD in a single sample from the LADD area.   

2. If DDx was migrating from RP source areas, it would be detected in the Alluvial-Colluvial 
Gravel or the CRBG in wells near the Riverbank and not in the fill and upper portion of 
the Fine-Grained Alluvium (Figure 6-V).  DDx compounds are not found in the Alluvial-
Colluvial Gravel or CRBG away from the RP source areas.  DDx compounds were 
detected above RSLs in the Artificial Fill and Fine-Grained Alluvium at Arkema in 
samples collected since early 2007 and analyzed by GC/HRMS or GC/MS/MS.   

3. 4,4’-DDx concentrations decrease from the RP source areas toward the River and are 
below RSLs at NW Front Avenue. 

4.  DDx concentrations increase and exceed RSLs at the River as groundwater moves 
beneath the Arkema property.     

5.  The highest DDx concentrations in Arkema groundwater were detected in the Fine-
Grained Alluvium and the Artificial Fill, demonstrating a source is located on the Arkema 
property.   
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6.  There is no evidence of widespread DDx concentrations greater than RSLs in soil or 
groundwater on the other vicinity properties.  

The majority of the groundwater data from the IA were generated by EPA Method 8080 or 8081A.  
DDx detections and detection limits by GC/HRMS typically were at least an order of magnitude lower 
than detections and detection limits for GC/ECD.  

IA: Groundwater data from May 2009 from the MW-11 well cluster in the IA were generated by 
GC/HRMS and represent reliable results.  4,4’-DDD was the only DDx compound detected in samples 
from the MW-11 well cluster analyzed by GC/ECD.  4,4’-DDD was detected at 8.58E-05 mg/L in the 
September 2000 sample from MW-11-37 and at 1.78E-04 mg/L in the June 2001 sample from MW-
11-37.  DDx compounds were not detected in the sample from MW-11-37 collected in May 2009 and 
analyzed by GC/HRMS.  4,4’-DDE and 4,4’-DDT were the only DDx compounds detected in samples 
from the IA MW-11 well cluster analyzed by GC/HRMS, and the detections were J-qualified as 
tentatively identified.  4,4’-DDE was detected at a concentration of 1.42E-07 mg/L (J-qualified) and 
4,4’-DDT was detected at 5.61E-07 mg/L (J-qualified) in the MW-11-24 sample.       

DDx RSLs were exceeded in four monitoring wells surrounding the former dust plant building in the 
IA.  Three of the wells were in the Fine-Grained Alluvium and one was in the Artificial Fill.   

The 4,4’-DDx isomer concentrations have decreased, and was detected at the greatest concentration 
in an older sample from the IA, at 0.025 mg/L in the Fine-Grained Alluvium in RPW-02(38) in a 
sample collected in October 1993.  4,4’-DDD concentrations at RPW-02(38) have decreased over the 
four sampling events conducted since October 1993.  4,4’-DDD was detected at 0.007 mg/L in March 
2000 and at 0.001 mg/L in September 2000.  4,4’-DDD was not detected above the detection limit of 
0.003 mg/L in the most recent samples collected in June 2001 or April 2002.  The samples from 
RPW-02(38) were analyzed by comparable methods (EPA 8080 and 8081A/8082), demonstrating that 
the decrease in concentrations reflects actual degradation rather than differences associated with 
newer analytical techniques.  4,4’-DDD concentrations detected in the closest downgradient RI 
samples have been consistently lower than in RPW-02(38).  The maximum historical 4,4’-DDD 
detection in downgradient MW-10-24 was 0.003 mg/L in 1993, and concentrations have steadily 
decreased over time.  4,4’-DDD was not detected in MW-10-24 during the most recent sampling 
events in 2004 and 2005.  

4,4’-DDT concentrations have decreased with time.  The greatest detection in the IA was a 1993 
sample from MW-10-24, at 0.004 mg/L.  MW-10-24 is located on the east side of the former dust plant 
building and downgradient of RPW-02(38).  4,4’-DDT concentrations in MW-10-24 decreased to 
7.40E-04 mg/L in October 1993, to 4.90E-04 mg/L in March 1995, to 2.11E-04 mg/L in June 2001, 
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and were not detected (<0.001 mg/l) in the six samples collected between March 2000 and April 2005.  
DDx concentrations in the MW-10 well cluster were consistently less than in upgradient RPW-02(38), 
indicating that DDx compounds are not migrating significantly downgradient from source areas in the 
IA.  DDx compounds were not detected in the upgradient MW-12 or RPW-01 well clusters, the 
downgradient RPW-03 well cluster, or at depths greater than 55.5 feet bgs. 

4,4’-DDT detections in IA groundwater generally are similar to concentrations of 4,4’-DDD and 4,4’-
DDE, indicating that the parent DDT is degrading to form the DDD and DDE degradation products.  

LADD Area: Samples collected from the LADD area prior to May 2007 were analyzed by GC/ECD.  
Samples collected from LADD area wells AL-5, RP-15, and RP-17 in 2008 and 2009 were analyzed 
by GC/HRMS.  DDx compounds were detected in groundwater at concentrations greater than RSLs in 
samples analyzed by GC/ECD, but not in samples analyzed by GC/HRMS.  4,4’-DDD was detected at 
5.64E-04 mg/L, above the RSL of 2.80E-04 mg/L, in one sample (Artificial Fill) from AL-5-19 analyzed 
by GC/HRMS.  This is the only location where a reported DDx detection from a GC/HRMS analysis 
had a comparable concentration to historical GC/ECD analyses.  Results from GC/HRMS analysis of 
other samples were below RSLs.  

4,4’-DDD and 4,4’-DDE were detected more frequently and at greater concentrations than 4,4-DDT in 
groundwater, indicating that DDT is degrading to form DDD and DDE. 

Arkema: DDx compounds have been detected in groundwater in the Artificial Fill and the Fine-Grained 
Alluvium at Arkema Lots 1 and 2 at concentrations up to 0.00425 mg/L.  DDx compounds have been 
detected at concentrations up to 5.64 mg/L on Lots 3 and 4 (ERM, 2010).  The presence of higher 
DDx concentrations on the Arkema property than in upgradient wells indicates that the Arkema Site is 
a distinct source of DDx compounds to groundwater near the River.   

DDx compounds exceeded RSLs in the Fine-Grained Alluvium in two near-River wells (RP-14-11 and 
RP-13-11) and one upland well (RP-08-23) on the Arkema Lots 1 and 2.  The greatest DDx 
concentration detected in Arkema groundwater on Lots 1 and 2 (4,4’-DDD at 0.004 mg/L) was 
collected from RP-14-11, which is located adjacent to the soil sampling location with the greatest DDx 
concentrations in Arkema soil (ARK-20).  The CSM shows that if constituents were to migrate from the 
Artificial Fill or the Fine-Grained Alluvium from RP source areas, those constituents would be detected 
in the Alluvial-Colluvial Gravel or the CRBG in wells near the Riverbank.  The highest DDx 
concentrations in Arkema groundwater were detected in the Fine-Grained Alluvium and the Artificial 
Fill, demonstrating that the source of DDx in wells near the Riverbank is located on the Arkema 
property.  Groundwater flow directions at the Arkema Site range from northeast to north (Stratus, 
2009), and suggest that DDx from the Arkema source could be moving northward along the River. 
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HA: DDx compounds were detected in only four HA monitoring wells and were not detected at above 
RSLs with the exception of one older detection of 4,4’-DDD, which was generated using GC/ECD.  
4,4’-DDD was detected at 6.14E-04 mg/L, above the RSL of 2.80E-04 mg/L, in MW-08-64 in 
September 2000.  DDx compounds were detected at lower concentrations in the HA than in the IA, 
and were only detected in four HA well clusters:  MW-5 located in the far northern corner of the HA; 
MW-8 and extraction well A located in the northern area of the HA; and MW-9 located near the Metro 
property boundary.   

Non Source Area Groundwater 

Samples collected from the MW-09 and MW-05 well clusters through April 2002 were analyzed by 
GC/ECD.  Samples collected in May 2009 were analyzed by GC/HRMS.  DDx compounds were 
detected at very low concentrations (ranging from 01.0E-073 mg/L to 4.00E-07 mg/L) in samples from 
MW-09-23 and MW-09-42 analyzed by GC/HRMS.  DDx compounds were not detected above the 
detection limit of 4.00E-04 mg/L in samples analyzed by GC/ECD.  Samples collected from MW-05-24 
in 2007 and 2009 were analyzed by GC/HRMS.  DDx compounds were not detected in these 
samples.  MW-05-24 samples were not previously analyzed by GC/ECD. 

Former Doane Lake: Samples collected from former Doane Lake prior to May 2007 were analyzed by 
GC/ECD.  Samples collected from former Doane Lake wells BST5W-74 and W-09 in 2008 and 2009 
were analyzed by GC/HRMS.  DDx compounds were detected in groundwater above the RSLs in 
samples analyzed by GC/ECD, but were not detected above RSLs in samples analyzed by 
GC/MS/MS.  4,4’-DDD and 4,4’-DDE were detected more frequently and at greater concentrations 
than 4,4-DDT in groundwater, indicating that DDx compounds in groundwater are degrading.  DDx 
concentrations in groundwater have decreased or remained stable over time (Appendix C, Table C3-
5).  

Other Properties: DDx concentrations in groundwater from the ESCO and NL/Gould properties were 
lower than those identified in upgradient RP wells and downgradient Arkema wells.  The maximum 
reported historical DDx detections at the ESCO, NL/Gould, and Metro properties were 9.00E-04 mg/L, 
2.00E-04 mg/L, and 0.00286 mg/L, respectively.   

There are widely scattered low-level detections of DDx at concentrations just above detections limits 
in samples from shallow groundwater on the Siltronic property analyzed by GC/HRMS.  These 
reported results were qualified as estimated or tentatively identified during data validation.  These 
detections may be related to the use of material dredged from the River as fill on parts of the Siltronic 
property or may be associated with interferences during the analysis caused the presence of PAHs.  
They are inconsistent with the CSM and transport from the RP property. 
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The lake sediment and surface water data include samples from former WDL, NDL, and NDP.  These 
are all areas that received inflow from multiple properties and areas.  DDx compounds were detected 
in surface water and sediment at NDL, and in sediment from former WDL.  Former WDL and NDL are 
discussed separately because they have distinct fill histories and potential constituent sources. 

Lake Sediment/Surface Water 

DDx and other compounds in former WDL were stabilized by the WDL IRAM discussed in Section 5.  
Potential sources of DDx compounds detected in former WDL sediment include historical discharges 
to former Doane Lake from the RP property, the Arkema property, and stormwater runoff.  DDx 
compounds in former WDL were bound to sediment.  The strength of the bond prevented mobilization 
of DDx compounds to WDL surface water as demonstrated by the lack of DDx detections in WDL 
surface water described below.  The lack of mobilization from former WDL sediment to water indicates 
that DDx in former WDL sediments did not pose a risk to the River.  

Former WDL 

2,4’-DDx isomers were not analyzed by GC/HRMS, but were detected at concentrations ranging from 
0.074 mg/kg to 0.270 mg/kg in the two WDL sediment samples analyzed by GC/MS/MS in 2008.  Of 
the 4,4’-DDx isomers, 4,4’-DDD was detected more frequently and at greater concentrations than 4,4’-
DDT or 4,4’-DDE.  The maximum 4,4’-DDD detection in former WDL sediment was 41.9 mg/kg in 
WDL-103-S, located in the central area of the former lake.  The greatest 4,4’-DDx concentrations in 
WDL sediment generally were detected in the southern half of the former lake, with concentrations 
decreasing to the north. 

Five surface water samples from former WDL were analyzed for DDx compounds.  4,4’-DDD was 
detected at 2.80E-04 mg/L in sample WDL-01 collected in the southern portion of former WDL.  No 
other DDx compounds were detected in WDL surface water, indicating that DDx compounds bound to 
sediments were not partitioned to surface water. 

All sediment samples from NDL were analyzed by GC/ECD.  DDx compounds detected in NDL 
sediment were present at low concentrations and included only 4,4’-DDD and 4,4’-DDE.  The greatest 
concentration detected was 4,4’-DDE at 0.376 mg/kg in NDL-105-S located at the southern end of 
NDL.  There are likely multiple sources of DDx compounds in NDL sediment, including RP and 
contributions from stormwater runoff from the surrounding area.  DDx compounds were not detected 
in NDL surface water, indicating that the low concentrations in sediment are not partitioning to surface 
water or the River. 

NDL 
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Neither 4,4’-DDT nor the 2,4’-isomers were detected in NDL sediment.  The lack of DDT and 
presence of its metabolites in NDL sediment indicates that DDx compounds in NDL sediment are 
more weathered and therefore older than those observed in the LADD area and on the RP property.   

Historical documentation and aerial photographs suggest that there was some hydraulic connection 
between the former Doane Lake and early configurations of NDL through the railroad embankment in 
and prior to the 1960s.  This connection also is suggested by detection of some apparently RP-related 
constituents in NDL sediment along the south arm of the lake during a 2003 sampling event.   

Since 1995 a beaver dam was constructed which allowed the surface water elevation in NDL to rise, 
suggesting a change in hydrology that would limit flow of groundwater from the NPA to NDL.  A 
beaver dam is still present near the discharge culvert from NDL to NDP.  The degree to which 
seepage occurs through lake bottom sediments is expected to be low, as vertical conductivity of lake 
sediments has allowed NDL to form as a water body.   

DDx compounds were not detected in NDP sediment or surface water samples.  This is consistent 
with no detections in NDL surface water, indicating that the limited DDX in NDL sediment is not 
mobilized through surface water or sediment transport to NDP.  

NDP 

Seventeen fish tissue samples and one amphibian (nonnative juvenile bullfrog) tissue sample 
collected from NDL were submitted for analysis of DDx compounds.  DDx compounds were detected 
at concentrations comparable to those identified by LWG in biota from Portland Harbor.   

Biota 

4,4’-DDx isomers were detected at greater concentrations than 2,4’-isomers, reflecting the 
concentration ratios detected in sediment samples.  4,4’-DDE was the DDx compound consistently 
detected at the greatest concentration in each tissue sample.  Concentrations of each DDx compound 
were greatest in the adult largemouth bass and adult large scale sucker tissue samples from NDL.     

A comparison of NDL tissue data to data collected by the LWG from Portland Harbor indicates that 
DDx concentrations in NDL biota samples are consistently slightly greater than in Portland Harbor 
biota samples.  The maximum DDx concentration in Portland Harbor common carp samples was 4,4’-
DDE at 0.332 mg/kg, compared to the maximum 4,4’-DDE concentration detected in adult carp 
composite samples from NDL of 0.405 mg/kg.  The maximum DDx concentration in brown bullhead 
samples from Portland Harbor was 4,4’-DDE at 0.070 mg/kg, compared to a maximum 4,4’-DDE 
concentration of 0.101 mg/kg in brown bullhead composite samples from NDL.  The maximum DDx 
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concentration in large scale sucker samples from Portland Harbor was 4,4’-DDE at 0.245 mg/kg 
compared to a maximum 4,4’-DDE concentration of 0.627 mg/kg. 

DDx detections in stormwater and non-stormwater samples from the storm sewer systems leading to 
City Outfall 22B and at City Outfall 22C were very low (all below 5.00E-05 mg/L), and were J or N 
qualified as tentatively identified.  DDx compounds were detected in storm sewer cleanout sediment 
samples; however, the DDx compounds are not leaching from sediment to water. 

Stormwater/Non-stormwater and Storm Sewer Sediment 

The historical detections of DDx compounds in non-stormwater in the City Outfall 22B storm sewer 
system were generally consistent with surrounding groundwater detections and likely represented 
infiltrating groundwater.  Cleanout sediment samples also contained detectable DDx; sources of 
sediment include overland transport, including transport from the Arkema Site, and transport and 
deposition with infiltrating groundwater.  The City Outfall 22B IRAM currently in progress will eliminate 
the infiltration of groundwater and discharge of RP-related constituents in infiltrated groundwater at 
City Outfall 22B.  Certain quality control repairs remain to be completed.  However, the City Outfall 
22B IRAM has substantially reduced non-stormwater flow as of November 2010. 

City Outfall 22B 

Non-stormwater samples were collected from the City Outfall 22B storm sewer system in July 1995, 
August 2002, September 2004, December 2006, February and October 2007, February and June 
2008, and May 2009.  DDx detections in City Outfall 22B non-stormwater exceeded the NRWQC of 
2.00E-07 mg/L for DDT and DDE, and 3.10E-07 mg/L for DDD (EPA, 2002).  2,4’-DDD, 4,4’-DDD, 
and 4,4’-DDE were tentatively identified by GC/HRMS at concentrations slightly above NRWQC 
during the most recent non-stormwater sampling event at the outfall in May 2009.  The DDx 
concentrations detected in non-stormwater by GC/HRMS were several orders of magnitude lower 
than GC/HRMS results in groundwater samples from Arkema and in the RP property vicinity. 

Samples ANF217 and ANF220 were collected in February 2008 from a seep flowing from the Arkema 
Site into two catch basins at the northern end of NW Front Avenue leading to the City Outfall 22B 
storm sewer system.  The maximum DDx detection in these samples was 4,4’-DDT at 7.08E-07 mg/L 
(J-qualified) in ANF220, above the NRWQC of 2.00E-07 mg/L. 

Storm sewer cleanout sediment samples were collected from the City Outfall 22B system in 
November 2006 and September and October 2009.  The maximum DDx detection in sediment 
samples was 4,4’-DDD at 0.0881 mg/kg in sample IDW-333 collected as a composite sample 
between MH-10 (located in NW Front Avenue just north of the intersection with NW 61st Avenue) and 
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City Outfall 22B in September 2009.  4,4’-DDT, 4,4’-DDE, 2,4’-DDT, 2,4’-DDD, and 2,4’-DDE also 
were detected at concentrations ranging from 0.0026 mg/kg to 0.0284 mg/kg in IDW-333.  Lower DDx 
concentrations were detected in composite sample IDW-270 collected between MH-10 and MH-5 in 
November 2006.  The maximum DDx detection in IDW-270 was 4,4’-DDD at 0.016 mg/kg (J-
qualified).  4,4’-DDT and 4,4’-DDE also were detected in IDW-270.  DDx results from analysis of IDW-
270 are based on EPA Method 8081A and are considered tentatively identified.  Sediment samples 
were collected from locations in the City Outfall 22B system on the Metro, Schnitzer, and NL/Gould 
properties.  DDx detections in these samples ranged from a maximum of 4,4’-DDD at 0.060 mg/kg in 
IDW-334 on the Metro property to 1.64E-04 mg/kg (J-qualified) in IDW-335 on the NL/Gould property. 

Sediment and stormwater samples were collected from catch basins AND878 and AND879 located 
between N.W. Front Avenue and the Arkema property fence line (Figure 4-I) in March 2010.  Both 
catch basins and their connections to City Outfall 22B were permanently abandoned on March 29, 
2010, after sampling was completed.  Both catch basins formerly had upstream connections from the 
Arkema property.  AND878 formerly connected to the City Outfall 22B storm sewer system at 
manhole MH-9.  AND879 formerly connected to the City Outfall 22B storm sewer system between 
MH-9 and MH-8.  The maximum DDx detection in stormwater samples from these catch basins was 
4,4’-DDT at 5.00E-06 mg/L, above the NRWQC of 02.00E-07 mg/L.  The maximum DDx detection in 
sediment from the catch basins was 4,4’-DDT at 0.0472 mg/kg. 

DDx concentrations in stormwater and non-stormwater in the City Outfall 22B system are several 
orders of magnitude below groundwater concentrations on the surrounding properties.  DDx 
concentrations in storm sewer cleanout sediment samples analyzed by GC/HRMS were up to an 
order of magnitude lower than in sediment samples from the Riverbank near the outfall.  The data 
show that stormwater, non-stormwater, and storm sewer cleanout  sediment in the City Outfall 22B 
system contained very low levels of DDx that were likely associated with infiltration of soil through 
cracks in the pipes and overland transport.   

DDx compounds were analyzed at City Outfall 22C in four non-stormwater samples collected in 
August 2002, November 2003, September 2004, and July 2009, and from one stormwater sample 
collected in December 2003.  DDx compounds were detected at very low concentrations only during 
the July 2009 sampling event.  The maximum DDx compound detected was 4,4’-DDD at 6.51E-07 
mg/L (J-qualified).  2,4’-DDD, and 4,4’-DDE were also detected at very low concentrations in the City 
Outfall 22C sample collected in July 2009.  DDx compounds were not detected above MDLs of 5.00E-
05 mg/L in the stormwater samples collected in December 2003 or in any other non-stormwater 
samples.  Results of OCI analysis of a LWG sediment sample collected from Doane Creek west of 

City Outfall 22C 
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Highway 30 indicates the presence of DDx sources upgradient of the RP property vicinity.  4,4’-DDT 
(0.0016 mg/kg), 2,4’-DDT (3.20E-04 mg/kg J-qualified), and 4,4’-DDE (0.002 mg/kg J-qualified) were 
detected in the 2007 LWG sediment sample from Doane Creek west of Highway 30 (LWG, 2008). 

8.7.4.5 Fate and Transport of DDx in Environmental Media in the RP Property Vicinity 

DDx compounds were released to the environment in limited quantities because of former operations 
in the IA and waste handling practices near the LADD area.  However, DDx did not migrate beyond 
the immediate vicinity of these releases at the RP property, and sporadic detections in off-property 
media either are associated with sources on the Arkema Site where DDT was manufactured and 
disposed of or may be false positive detections.  Data indicate that DDx concentrations in 
groundwater at the RP property are decreasing over time.  DDx degradation is occurring and is 
expected to continue to attenuate under current and future environmental conditions.   

8.7.4.6 Summary of Transport Pathways  

DDx compounds were detected in groundwater near known source areas in the RP IA and the 
Arkema Site.  Data indicate that the low-level DDx detections on the RP property are not acting as a 
significant source to off-site groundwater based on the low concentrations detected at the 
downgradient properties closest to source areas in the IA.  DDx compounds were detected in 
groundwater in the Artificial Fill and the Fine-Grained Alluvium at Arkema Lots 1 and 2 near the River.  
According to the CSM, if DDx in the Fine-Grained Alluvium at the IA was reaching Arkema and the 
River, it would be detected in Arkema groundwater in the Alluvial-Colluvial Gravel and the CRBG; 
however, the highest DDx concentrations at Arkema were detected in the Artificial Fill and Fine-
Grained Alluvium.  DDx compounds were not detected above 1.25E-05 mg/L in the CRBG at Arkema 
Lots 1 and 2.  The distribution of DDx in groundwater between the RP property and the Arkema 
property indicates that historical DDT manufacture and disposal practices at Arkema are the source of 
detections on that property, and that DDx from the RP property is not reaching the River.    

Groundwater  

DDx compounds detected in former WDL sediment were associated with historical stormwater runoff 
and fill materials from RP and the Arkema properties and limited drainage through the LADD from the 
RP property.  DDx compounds in former WDL sediment samples were bound to sediment.  Surface 
water data shows DDx did not mobilize from sediment to surface water.  The WDL IRAM has 
stabilized former WDL sediments.   

Stormwater, Surface Water, and Sediment 
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DDx compound concentrations in NDL sediment were very low and are likely associated with 
stormwater runoff from the surrounding area.  DDx compounds were not detected in NDL or NDP 
surface water, or NDP sediment indicating that DDx compounds are bound to sediments in NDL and 
are not mobilizing to surface water or the River. 

The greatest concentrations of 4,4’-DDT in surface soil were detected in samples collected to the east 
of the HDD and adjacent to the Arkema property.  These detections suggest that the historical 
handling and disposal of DDT-containing waste generated on the adjacent Arkema Site is the source 
of 4,4’-DDT to the HDD.  4,4’-DDT generally was detected at greater concentrations in the HDD than 
in the LADD area, indicating a source proximate to the HDD.   

DDx detections in stormwater and non-stormwater samples from the storm sewer systems leading to 
City Outfall 22B and City Outfall 22C were very low (all below 5.00E-05 mg/L), and were J or N 
qualified as tentatively identified.  DDx compounds were detected in storm sewer cleanout  sediment 
samples.  The analytical data for stormwater and non-stormwater show that DDx compounds are not 
leaching from sediment to water. 

DDx distribution and concentrations indicate source areas at the RP property in the IA and LADD 
area, and at the Arkema property.  RP DDx compound source areas are small and are primarily in soil 
in the IA and to a lesser extent the LADD area.  DDx compounds do not extend to the River from RP 
source areas.  DDx compounds were not detected consistently in groundwater samples from off-site 
properties with the exception of the Arkema property.  DDx distribution and concentrations indicate 
that the source of DDx compounds at Arkema is on the Arkema property. 

DDx Summary 

Data indicate that DDx concentrations in groundwater at the RP property are decreasing steadily over 
time, and that DDx compounds are not migrating downgradient from the RP property.  Degradation of 
DDT is occurring most strongly in the former Doane Lake area.  Other areas show slow degradation 
of DDT.  The greatest DDx concentrations detected by HRMS methods in the RP RI data set occur on 
the Arkema property and Riverbank.  Locations with detected DDx concentrations on the RP property 
are separated from the detections on the Arkema property by locations where DDx was not detected 
or areas of lower DDx concentrations (Figures F-516 through F-531 of Appendix F).   

The distribution of DDx compounds in soil and groundwater shows that DDx in near-River wells on the 
Arkema property are associated with historical DDT manufacturing and disposal operations at the 
Arkema property.  Although the Arkema property data in the RP RI data set are almost entirely from 
Arkema Lots 1 and 2, historical information and Arkema documents in DEQ files confirm that 



 

AMEC Earth & Environmental, Inc. 
Project No.:  0-61M-107030/Phase 0104/T6 309 
K:\10000\10700\10703\0100 RI-FS-ROD\0104 RI Report\Draft RI\RI-SCE Report.Docx 

Arkema’s historical DDT manufacturing on Lots 3 and 4 and disposal operations on Lots 1 and 2 are 
sources of DDx (Appendix L). 

8.7.5 BHCs and Endosulfans 
BHCs comprise eight isomers used as insecticides on food crops and in treatments for lice and 
scabies.  Endosulfans are insecticides used on food and nonfood crops and as a wood preservative.  
These products are no longer manufactured in the United States, but endosulfans and gamma-BHC 
(lindane) are still imported for use (ATSDR, 2005). 

Endosulfan I, endosulfan II, and gamma-BHC were formulated and stored in the IA between 1945 
(CHBH&L, 2009) and 1969 (EMCON, 1992).  The  Pennsylvania Salt Manufacturing Co. was either 
formulating or manufacturing BHC at what is now the Arkema property (Food Ag Chem., 1953), and 
high concentrations of these COIs have been detected in groundwater under Arkema Lot 4(Food Ag 
Chem., 1953).  The filling of former Doane Lake with soil and fill material from various industrial 
activities by surrounding property owners and runoff may have introduced OCIs including endosulfans 
and BHC compounds to the former Doane Lake area, the LADD area, former WDL, and NDL.   

Endosulfans were not detected at concentrations greater than RSLs in the RP RI data set.  BHCs 
were detected at concentrations greater than RSLs in soil samples from the IA, the LADD area, and in 
one sample from the Siltronic property, and in groundwater from the RP property and several 
surrounding properties.  BHC RSLs for groundwater are very low (ranging from 1.00E-05 mg/L for 
alpha-BHC to 6.00E-05 mg/L for gamma-BHC), therefore any detection is likely to result in an 
exceedance.  BHCs were not detected in near-River wells, with the exception of low-level detections 
on the Siltronic property.  There is no evidence of a consistent pattern of detections of endosulfan or 
BHC between potential historical release areas on the RP property and the River.  

8.7.5.1 Physical Properties/Environmental Fate of BHCs and Endosulfans 

BHCs and endosulfans have low solubilities, bind strongly to soil and sediment, and do not readily 
mobilize from soil or sediment to groundwater or surface water.  BHCs and endosulfans in aqueous 
solutions readily biodegrade under aerobic conditions, with a half-life of approximately 1 week.  
Transformation in soil will readily occur under aerobic or anaerobic conditions.  BHCs and 
endosulfans bioaccumulate to high concentrations in fatty tissues of aquatic organisms (ATSDR, 
2005). 

BHCs and endosulfans bound to particulates may be transported to surface waters through 
stormwater flow.  BHCs and endosulfans in surface soil may volatilize.   
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8.7.5.2 Data 

NAPL, soil, groundwater, sediment, surface water, stormwater sediment and fish tissue at the RP 
property and vicinity were sampled and analyzed for OCIs.  Over 1,000 samples including field 
duplicates were analyzed and results are presented in tables in Appendix C and as shown on figures 
in Appendix F as indicated below. 

Data Sets 

● Soil:  Table C1-5; Figures F-0151 to F-0204 

● Groundwater:  Tables C3-5 (monitoring wells) and C2-4 (borings); Figures F-0516 to F-
0587 and F-0779 to F-0796 

● Sediment and surface water:  Table C7-4 and C5-5; Figures F-0929 to F-0945 

● Stormwater/Nonstormwater: Table C8-4; Figures F-1139 to F-1156 

● Biota: Table C9-2 

● Storm Sewer Cleanout Sediment:  Table C10-5 

● NAPL:  Table C4-4; Figures F-0860 to F-0876 

RI groundwater samples collected before 2007 were analyzed for OCIs by the standard EPA 8081A 
technique using GC/ECD.  Detections in these samples were confirmed by ECD analysis on a second 
dissimilar column only, and may not be representative of actual OCI concentrations.  .  Standard 
GC/ECD and Low-level GC/ECD do not offer sufficiently low detection limits to be useful and both are 
subject to false positive results.  Ultra-trace-level GC/ECD gives detection limits sufficiently low to be 
usable, but is also subject to false positive results.  The last time that samples were analyzed by 
GC/ECD, in 2007, samples with OCI detections were re-analyzed by GC/MS/MS when possible, to 
confirm the reliability of the detections.  Many of the detections from the GC/ECD analyses were not 
confirmed when the samples were analyzed using GC/MS/MS, indicating that they were false positive 
results and not related to OCI contamination.  Detection limits from the GC/ECD analyses were lower 
than those obtainable using GC/MS/MS, so low-level detections could not be confirmed using 
GC/MS/MS analysis.  Therefore, some of the low-level OCI detections from the 2007 groundwater 
sampling event may be false positive results related to the presence of interfering compounds such as 
PAHs.  Since 2008, all samples analyzed for OCIs have undergone HRMS analysis. 

Data Usability 

8.7.5.3 Sources of BHCs and Endosulfans in the RP Property Vicinity 

There are several potential sources of endosulfan and BHCs in the RP property vicinity: 
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● Endosulfan I, endosulfan II, and gamma-BHC were formulated and stored in the IA 
between 1945 (CHBH&L, 2009) and 1969 (EMCON, 1992).   

● The  Pennsylvania Salt Manufacturing Co. was either formulating or manufacturing BHC at 
what is now the Arkema property (Food Ag Chem., 1953), and high concentrations of 
these COIs have been detected in groundwater under Arkema Lot 4 (Food Ag Chem., 
1953). 

● The filling of former Doane Lake with soil and fill material from various industrial activities 
by surrounding property owners and runoff may have introduced OCIs including 
endosulfans and BHC compounds to the former Doane Lake area, the LADD area, former 
WDL, and NDL.   

8.7.5.4 Nature and Extent of BHCs and Endosulfans in Environmental Media in the RP 
Property Vicinity 

Endosulfans were not detected at concentrations greater than soil RSLs in the RP RI data set.  The 
greatest concentrations were detected in samples collected from the area immediately around the 
former dust plant building on the IA.  Endosulfans were not detected in soil samples beyond the RP 
property with the exception of low-level, isolated detections in three samples from the LADD area, two 
samples from the HDD, one sample from the Riverbank near the HDD, and one sample from the 
Arkema property.  The greatest endosulfan concentrations in these locations were detected in the 
LADD area samples, with a maximum endosulfan II concentration of 15.2 mg/kg (analyzed by 
GC/ECD).  Concentrations in the HDD, Riverbank, and Arkema samples were less, with a maximum 
endosulfan sulfate concentration of 0.008 mg/kg in a sample from the HDD.  BHCs were detected at 
concentrations greater than RSLs in the IA, the LADD area, and in one sample from the Siltronic 
property. 

Soil 

IA: The maximum endosulfan and BHC concentrations in the RP RI data set were detected in known 
storage and processing areas near the former dust plant building in the IA.  The maximum endosulfan 
concentration in the IA was endosulfan II at 400 mg/kg at ITP-09C (3 to 4 feet bgs).  Endosulfan 
concentrations in soil decreased significantly with distance from the former dust plant building.   

Source Area Soils 

The greatest BHC detections in IA soil were concentrated in shallow soil (3 to 4 feet bgs) samples 
from ITP-09C and ITP-09B, which were near the former dust plant building.  Gamma-BHC was the 
isomer detected at the greatest concentration in the IA, at 3,600 mg/kg in ITP-09C (3 to 4 feet bgs).  
Alpha-BHC and delta-BHC were also detected at concentrations greater than 1,000 mg/kg in ITP-09C 
and ITP-09B.  BHC detections in soil decreased with distance from the former dust plant building.  
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The maximum detection in samples collected within the IA but away from the immediate vicinity of the 
dust plant building was 170 mg/kg of delta-BHC in HB-07 located north of ITP-09B and ITP-09C. 

BHCs and endosulfans were not detected in any of the six NAPL samples analyzed for OCIs. 

Non-Source Area Soils 

HA: There is no evidence of widespread presence of endosulfan or BHC concentrations that exceed 
RSLs in HA soil.  Endosulfan was detected at low concentrations across the HA, with greater 
concentrations detected in a few isolated locations.  The maximum endosulfan detection in the HA 
was endosulfan II at 68 mg/kg at 8 feet bgs in HA-203 located near the former 2,4-D building. 

BHCs were not detected at concentrations greater than RSLs in the HA, but were detected at very low 
concentrations.  The maximum BHC detection in the HA was gamma-BHC at 0.257 mg/kg at the 
ground surface in HA-207 located between the former automobile repair building and railroad tracks in 
the northern area of the HA.  

LADD Area: The greatest endosulfan detection in the LADD area was endosulfan II at 15.2 mg/kg at 1 
to 5 feet bgs in LADD-103.  The remaining detected endosulfan concentrations in the LADD area 
were significantly less, with a maximum detection of endosulfan I at 2.89 mg/kg in LADD-103 at 5 to 
10 feet bgs.  The greatest BHC detection in the LADD area was gamma-BHC at 1.51 mg/kg at 6 feet 
bgs in TP-9B-SW.  Delta-BHC was detected at concentrations greater than the RSL of 0.960 mg/kg in 
sample CELL511 collected at the ground surface (1.10 mg/kg).  The remaining BHC detections in the 
LADD area were low level, with detections less than 0.180 mg/kg. 

Former Doane Lake Area: Endosulfans and BHCs were detected at low concentrations in isolated 
areas.  There is no evidence of widespread releases in this area.  Delta-BHC and alpha-BHC were 
detected at concentrations greater than the RSLs in one sample each.  BHC isomers were detected 
consistently at concentrations less than 1 mg/kg.  Other properties: Isolated, low-level endosulfan and 
BHC concentrations were detected on Arkema Lots 1 and 2, Siltronic, and ESCO properties.  BHC 
concentrations ranging up to 0.00123 mg/L were detected on Arkema Lot 4 (ERM, 2010).  The 
Pennsylvania Salt Manufacturing Co. was either formulating or manufacturing BHC at what is now the 
Arkema property (Food Ag Chem., 1953), which may be the source of the BHCs at that location.   

Very low concentrations of endosulfans were detected in three HDD samples.  The maximum 
concentration in the HDD was endosulfan sulphate at 0.008 mg/kg (far less than the RSL of 3,700 
mg/kg) in HDD-210, located near the southern end of the HDD.   
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Very low BHC concentrations were detected in samples BEACH-01, BEACH-02, and BEACH-03, 
located between the HDD and the Riverbank.  The majority of BHC detections in the beach samples 
were below their respective SLV with one exception, Beach-02 collected at 1.5 to 2 feet bgs.  The 
detection of gamma-BHC at this location was slightly above its SLV of 9.0E-04 mg/kg.   

There is no evidence of a consistent pattern of endosulfan or BHC detections between potential 
historical release areas on the RP property and the River.  BHCs were detected at concentrations 
greater than RSLs in groundwater from the RP property and several surrounding properties; however, 
BHC RSLs are very low (ranging from 1.00E-05 mg/L for alpha-BHC to 6.00E-05 mg/L for gamma-
BHC), therefore any detection is likely to result in an exceedance.   

Groundwater  

Endosulfans were detected sporadically and at low levels in the RP property vicinity but were not 
detected above RSLs.  Endosulfans were not detected in near-River wells in the RP RI data set with 
the exception of a single endosulfan I detection of 3.37E-07 mg/L in the Alluvial-Colluvial Gravel in a 
sample collected from RP-13-33 on the Arkema property in August 2009.  This result was J qualified 
as tentatively identified because it was between the MDL and the MRL, and may have been a false 
positive result.  Endosulfans were not detected above the detection limit of 3.0E-07 mg/L in a sample 
from RP-13-33 analyzed in September 2007.  

IA: Gamma-BHC was detected at the greatest concentrations of the BHCs in groundwater, with the 
greatest detections in the Fine-Grained Alluvium in the IA.  RSL exceedances were detected in IA 
samples analyzed by GC/ECD and in more recent samples analyzed by GC/HRMS.  The maximum 
gamma-BHC result in samples analyzed by GC/HRMS was 0.002 mg/L in monitoring well MW-11-37, 
above the very low RSL of 6.10E-05 mg/L.  BHC concentrations downgradient of the RP property 
decrease to concentrations below RSLs at N.W. Front Avenue.  Endosulfans were not detected above 
RSLs in the IA.   

Source Area Groundwater 

LADD Area: BHCs were detected above RSLs in historical samples analyzed by GC/ECD but were 
not detected above RSLs analyzed by GC/HRMS since 2007.  Endosulfans were detected below 
RSLs in historical LADD area groundwater samples analyzed by GC/ECD but were not detected in 
more recent samples analyzed by GC/HRMS.   

Non Source Area Groundwater 

HA: BHCs and endosulfans were detected at very low concentrations in the MW-05 and MW-09 well 
clusters and extraction well A in the HA.  Alpha-BHC was the only BHC detected above RSLs in the 
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HA.  The maximum alpha-BHC detection in HA samples analyzed by GC/HRMS was 2.43E-05 mg/L 
(above the RSL of 1.1E-05 mg/L) in the Fine-Grained Alluvium in MW-05-24, located in the northern 
corner of the HA.  The alpha-BHC detections were surrounded by sampling location, with non-
detected results. 

Endosulfans were not detected above RSLs in groundwater samples from the HA analyzed by 
GC/ECD or GC/HRMS. 

Other Properties: BHCs were detected sporadically in groundwater from vicinity properties.  The only 
RSL exceedances for BHCs in samples analyzed by GC/HRMS were identified in isolated samples 
from the Metro and Kinder Morgan/Willbridge properties.  The maximum BHC result in samples from 
vicinity properties was gama-BHC at 0.017 mg/L in a sample from monitoring well MW-13 on the 
Kinder Morgan/Willbridge Site collected in June 2009 and analyzed by GC/HRMS.  BHCs were not 
detected in near-River wells, with the exception of low-level detections on the Siltronic property, from 
both GC/ECD and GC/HRMS analyses, demonstrating that the RP property is not a source of BHCs 
to the River.  Data from Arkema’s 2009 Groundwater Monitoring Event (ERM, 2010) show an area of 
BHC detections in groundwater near the Riverbank on Arkema Lot 4 that is spatially isolated from 
detections at the RP property. 

There is no evidence of significant BHC or endosulfan concentrations in lake sediment or surface 
water.  BHCs and endosulfans were not detected in the majority of sediment and surface water 
samples analyzed.  Detections were typically isolated and low level.   

Lake Sediment/Surface Water 

Fifty-five sediment samples from former WDL were analyzed for endosulfans and BHCs.  Endosulfans 
were detected in six sediment samples from former WDL by GC/ECD.  The maximum detection was 
endosulfan I at 22 mg/kg detected in a TS-1 sample collected in February 2006.  TS-1 was located at 
the southern end of former WDL.  BHCs were detected in seven sediment samples from former WDL.  
Six of the samples were analyzed by GC/ECD and one was analyzed by GC/MS/MS.  The maximum 
detection was delta-BHC, at 2.20 mg/kg in sample W007 collected in November 2005 from the 
southern end of former WDL and analyzed by GC/ECD. 

Former WDL  

Endosulfan I and beta-BHC were detected at very low concentrations in one surface water sample 
from former WDL.  Surface water data indicate that the low concentrations of constituents in former 
WDL sediment did not mobilize to surface water. 
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Thirty-eight sediment samples from NDL were analyzed for endosulfans and BHCs.  Endosulfans 
were detected in three sediment samples from NDL, with a maximum concentration of endosulfan II at 
0.084 mg/kg in NDL-101-S located near NDP.  BHCs were not detected in NDL sediment samples.  
Endosulfans and BHCs were not detected in NDL surface water samples. 

NDL 

There is no evidence of significant endosulfan or BHC concentrations in NDL. 

Endosulfans and BHCs were not detected in NDP sediment or surface water samples. 

NDP 

Seventeen fish tissue samples and one amphibian (non-native juvenile bullfrog) tissue sample 
collected from NDL were submitted for analysis of BHCs and endosulfans.  Very low endosulfan 
concentrations were detected in the tissue samples.  Each compound was consistently detected in the 
adult largemouth bass and adult large scale sucker tissue samples.   

Biota 

The data indicate that endosulfan concentrations in NDL biota are consistent with local background 
levels and are typically below concentrations in Portland Harbor biota. 

Endosulfan and BHC concentrations in LWG river sediment samples are typically higher than in NDL 
sediment samples.  Endosulfans were detected in only 3 of 38 NDL sediment samples, and 
concentrations were below 0.084 mg/kg.  Endosulfans have been detected at concentrations up to 
0.29 mg/kg in LWG sediment samples collected between river miles 6.5 and 7.5 near the RP property.  
BHCs were not detected in NDL sediment, but were detected at concentrations up to 0.43 mg/kg in 
LWG sediment samples collected between river miles 6.5 and 7.5.  

A comparison of NDL tissue data for total endosulfans to data collected by the LWG from Portland 
Harbor shows significantly greater concentrations typically detected in samples from Portland Harbor 
samples.  The maximum endosulfan concentration detected in a carp sample from Portland Harbor 
was endosulfan I at 0.148 mg/kg, compared to a maximum endosulfan I concentration of 1.70E-04 
mg/kg in adult carp composite samples from NDL.  The maximum endosulfan concentration detected 
in a brown bullhead sample from Portland Harbor was endosulfan II at 0.0086 mg/kg (NJ qualified).  
Endosulfan II was not detected in brown bullhead samples from NDL.  Endosulfan I was detected at 
0.011 mg/kg (N qualified) in one large scale sucker sample from Portland Harbor, compared to a 
maximum endosulfan I concentration of 5.18E-04 mg/kg detected in the large scale sucker sample 
from NDL. 
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The maximum BHC concentration detected in biota samples from Portland Harbor was delta-BHC at 
0.005 mg/kg in a carp fillet sample.  Delta-BHC was not detected in carp samples from NDL.  Delta-
BHC was detected in one largemouth bass sample from NDL at a concentration of 1.8E-05 mg/kg (J 
qualified).  Alpha-BHC was tentatively identified at concentrations up to 1.60E-04 mg/kg in each biota 
sample from NDL, with the exception of the juvenile brown bullhead sample.  Alpha-BHC was 
detected at concentrations greater than those from NDL in several biota samples from Portland 
Harbor, including sucker (0.00717 mg/kg) and carp (0.004 mg/kg). 

BHCs and endosulfan detections in stormwater and non-stormwater samples from the storm sewer 
systems leading to City Outfall 22B and at City Outfall 22C were very low.  BHCs and endosulfans 
were detected in storm sewer cleanout  sediment samples; however, the analytical data for 
stormwater and non-stormwater show that these compounds are not leaching from sediment to water. 

Stormwater/Non-stormwater and Storm Sewer Sediment 

The historical detections of BHCs and endosulfan compounds in non-stormwater in the City Outfall 
22B storm sewer system were generally consistent with surrounding groundwater detections and 
likely represented infiltrating groundwater.  Cleanout sediment samples also contained detectable 
BHCs and endosulfans; sources of sediment include overland transport, including transport from the 
Arkema Site, and transport and deposition with infiltrating groundwater.  The City Outfall 22B 
Expanded IRAM currently in progress will eliminate the infiltration of groundwater and discharge of 
RP-related constituents in infiltrated groundwater at City Outfall 22B.  Certain quality control repairs 
remain to be completed.  However, the City Outfall 22B Expanded IRAM has substantially reduced 
non-stormwater flow as of November 2010.  

City Outfall 22B 

BHCs and endosulfans were analyzed in non-stormwater samples collected from the City Outfall 22B 
storm sewer system in July 1995, August 2002, September 2004, December 2006, February and 
October 2007, February and June 2008, and May 2009.  BHCs were detected in non-stormwater 
samples at several locations in the City 22B storm sewer and at City Outfall 22B at concentrations 
above the NRWQC (EPA, 2002).  The maximum BHC detection in stormwater/non-stormwater was 
gamma-BHC at 1.69E-04 mg/L (J qualified) in an October 2007 sample from MH-10 located just north 
of the intersection of NW Front Avenue and NW 61st Avenue.  The maximum BHC detection at City 
Outfall 22B was alpha-BHC at 3.26E-05 mg/L in a sample collected in May 2009.  This concentration 
is greater than the NRWQC of 4.9E-06 mg/L for alpha-BHC, and several orders of magnitude lower 
than typical BHC concentrations in groundwater in the RP property vicinity.   



 

AMEC Earth & Environmental, Inc. 
Project No.:  0-61M-107030/Phase 0104/T6 317 
K:\10000\10700\10703\0100 RI-FS-ROD\0104 RI Report\Draft RI\RI-SCE Report.Docx 

Endosulfans were not detected in non-stormwater samples above the NRWQC of 0.089 mg/L.  
Endosulfan II was the endosulfan detected at the highest concentration in stormwater/non-stormwater 
samples.  Endosulfan II was detected at 3.55E-04 mg/L in a September 2004 sample from MH-06 
located at the northern end of NW Front Avenue.  Endosulfan I (5.83E-06 mg/L) and endosulfan 
sulfate (2.0 E-07 mg/L) were detected at City Outfall 22B in samples collected in May 2009 and 
October 2007, respectively.   

Storm sewer cleanout sediment samples were collected from the City Outfall 22B system in 
November 2006 and September and October 2009.  BHCs were detected in sample IDW-333 
collected as a composite sample between MH-10 (located in NW Front Avenue just north of the 
intersection with N.W. 61st Avenue) and City Outfall 22B in September 2009.  The maximum BHC 
detection was delta-BHC at 0.00947 mg/kg.  BHCs were not detected above MDLs of 0.00231 mg/kg 
or less in composite sample IDW-270 collected in November 2006 between MH-10 and MH-5 located 
at the northern end of NW Front Avenue upgradient of IDW-333.   

Endosulfans were detected in storm sewer cleanout sediment sample IDW-333 collected as a 
composite sample between MH-10 and City Outfall 22B in September 2009.  The maximum detection 
was endosulfan I at 0.004 mg/kg.  Endosulfans were not detected above the MDL of 0.001 mg/kg in 
composite sample IDW-270 collected in November 2006 between MH-10 and MH-5.   

Sediment and stormwater samples were collected from catch basins AND878 and AND879 in March 
2010 as part to the City Outfall 22B Expanded IRAM.  Both catch basins and their connections to City 
Outfall 22B were permanently abandoned in March 2010 after sampling was completed.  AND878 and 
AND879 were located between N.W. Front Avenue and the Arkema property fence line (Figure 4-I).  
Both catch basins formerly had known upstream connections from the Arkema property.  The 
maximum BHC detection in stormwater samples from these catch basins was alpha-BHC at 2.00E-07 
mg/L (J-qualified), below the NRWQC of 04.90E-06 mg/L.  The maximum BHC detection in sediment 
from the catch basins was gamma-BHC at 3.80E-05 mg/kg.  The maximum endosulfan detection in 
stormwater samples from these catch basins was endosulfan II at 9.00E-07 mg/L (J qualified), below 
the NRWQC of 0.089 mg/L.  The maximum endosulfan detection in sediment from the catch basins 
was endosulfan II at 1.6E-04 mg/kg. 

BHC and endosulfan concentrations in stormwater and non-stormwater in the City Outfall 22B system 
were lower than groundwater concentrations on the surrounding properties.  BHC and endosulfan 
concentrations in storm sewer cleanout sediment samples analyzed by GC/HRMS were higher than in 
sediment samples from the Riverbank near the outfall.  The data show that stormwater, non-
stormwater, and storm sewer cleanout sediment in the City Outfall 22B system contained low levels of 
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BHCs and endosulfans that were likely associated with groundwater infiltration.  This infiltration has 
been substantially reduced and will be eliminated upon completion of the City Outfall 22B IRAM. 

Endosulfans and BHCs were analyzed at City Outfall 22C in four non-stormwater samples collected in 
August 2002, November 2003, September 2004, and July 2009, and from one stormwater sample 
collected in December 2003.  Endosulfans were not detected above MDLs of 5.00E-05 mg/L in City 
Outfall 22C samples.  Delta-BHC and gamma-BHC were detected at concentrations of 7.76E-06 mg/L 
and 1.43E-05 mg/L, respectively, in the non-stormwater sample from City Outfall 22C collected in 
August 2002 and analyzed by GC/ECD.  BHCs were not detected in samples collected from City 
Outfall 22C in July 2009.  Given the low detections in the historical non-stormwater samples and the 
lack of detections in the 2009 samples, the earlier detections may be false positive results.  The 
gamma-BHC detection was below the NRWQC of 0.0018 mg/L.  No NRWQC value has been 
published for delta-BHC.  

City Outfall 22C 

8.7.5.5 Fate and Transport of BHCs and Endosulfans in Environmental Media in the 
RP Property Vicinity 

There is no evidence of widespread endosulfan or BHC releases in the RP property vicinity, and these 
constituents are not significantly present in near-River wells. 

Operational activities in the IA and the LADD area likely resulted in the low-level, localized constituent 
concentrations in soil and groundwater in the IA and the LADD area.  These areas are not the source 
of BHCs or endosulfan contamination in other media in the vicinity of the RP property.   

Historical sources document that BHCs were manufactured at the Arkema Site, and releases at 
Arkema may have resulted in low-level detections in soil and groundwater near the River (Food Ag 
Chem., 1953). 

8.7.5.6 Summary of Transport Pathways 

There is no evidence of a consistent pattern of endosulfan or BHC detections between potential 
historical release areas on the RP property and the River.  Endosulfan was detected at concentrations 
greater than 0.001 mg/L in only three isolated samples from the LADD area and one from the Metro 
property.  Endosulfans were not detected in near-River wells with the exception of a single endosulfan 
I detection of 3.37E-07 mg/L in the Alluvial-Colluvial Gravel in a sample collected from RP-13-33 on 
the Arkema property in August 2009.  This result was J qualified as tentatively identified because it 

Groundwater 
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was between the MDL and the MRL, and may be a false positive result.  Endosulfans were not 
detected above the detection limit of 3.05E-07 mg/L in a sample from RP-13-33 analyzed in 
September 2007. 

BHCs were not detected in near-River wells in the RP RI data set with the exception of low-level 
detections on the Siltronic property, demonstrating that the RP property is not a source of BHCs to the 
River; however, there is an isolated source of BHCs near the Riverbank on Arkema Lot 4  (ERM, 
2010). 

There is no evidence of significant endosulfan or BHC releases to former WDL.  These constituents 
were not detected consistently or at significant concentrations in former WDL surface water, indicating 
that the low concentrations found in sediment were tightly bound to sediment and were not mobilizing 
to WDL surface water. 

Stormwater, Surface Water, and Sediment 

Endosulfan and BHC were not detected consistently or at significant concentrations in NDL or NDP 
sediment and were not detected in NDL or NDP surface water.  There is no evidence of significant 
endosulfan or BHC concentrations in NDL and no pathway from NDL/NDP to the River. 

No significant endosulfan or BHC concentrations were detected in soil samples from the HDD, 
indicating that these constituents are not migrating from source areas on the RP property or Arkema 
Lots 1 and 2.   

BHCs and endosulfan detections in stormwater and non-stormwater samples from the storm sewer 
systems leading to City Outfall 22B and at City Outfall 22C were very low.  BHCs and endosulfans 
were detected in storm sewer cleanout sediment samples; however, the analytical data for stormwater 
and non-stormwater show that these compounds are not leaching from sediment to water.  

Endosulfans were not detected at concentrations greater than RSLs in the RP RI data set.  BHCs 
were detected at concentrations greater than RSLs in soil samples from the IA, the LADD area, and in 
one sample from the Siltronic property, and in groundwater from the RP property and several 
surrounding properties.  BHCs were not detected in near-River wells, with the exception of low-level 
detections on the Siltronic property.  There is no evidence of a consistent pattern of detections of 
endosulfan or BHC between the RP property and the River. 

BHCs and Endosulfans Summary 
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8.7.6 Chlorinated Hydrocarbon Insecticides 
Aldrin, dieldrin, endrin, chlordanes (alpha- and gamma-chlordane, cis-nonachlor, methoxychlor, 
oxychlordane, and trans-nonachlor), and heptachlor are structurally similar chlorinated hydrocarbon 
insecticides.  The term “chlorinated hydrocarbon insecticide” is used to refer to these compounds and 
their breakdown products.  Aldrin and dieldrin were widely used as insecticides in the United States 
from the 1950s until 1970, when they were banned except for use in termite control.  All uses of aldrin 
and dieldrin were banned in 1989 (ATSDR, 2002a).  Endrin was used to control insects, birds, and 
rodents in the United States from 1951 until the mid-1980s.  Endrin was also historically released to 
the environment as a contaminant in dieldrin (ATSDR, 1996).  Chlordane and heptachlor were 
historically used as domestic and agricultural insecticides in the United States, beginning in the 
1950s.  The use of chlordane was banned in 1988.  Since 1992, the use of heptachlor has been 
limited to treatment of fire ants near utility equipment (ATSDR, 1994).     

Aldrin, dieldrin, endrin, chlordane, and heptachlor were formulated and stored in the IA between 1945 
and 1969 (EMCON, 1992).  The filling of former Doane Lake with soil and fill material from various 
industrial activities by surrounding property owners may have introduced OCIs to the former Doane 
Lake area, former WDL, and NDL.  The historical placement of River dredge material as fill on the 
Siltronic and Arkema properties may also contribute insecticides to soil and groundwater in near-River 
samples and in City Outfall 22B storm sewer system non-stormwater and sediment samples. 

The highest chlorinated hydrocarbon insecticide concentrations were detected in soil and groundwater 
in the IA.  Concentrations decreased to below RSLs in most samples collected from the Arkema 
property.  Endrin, dieldrin, and other chlorinated hydrocarbon insecticides were detected above SCE 
SLVs in groundwater samples from Arkema Riverbank wells analyzed by GC/HRMS since 2007; 
however, these SLVs are extremely low (less than 2.3E-06 mg/L) and any detection is likely to result 
in an exceedance.  Most of the chlorinated hydrocarbon detections at the Arkema Riverbank were J 
qualified as tentatively identified due to the very low concentrations.   

8.7.6.1 Physical Properties/Environmental Fate of Chlorinated Hydrocarbon 
Insecticides  

Aldrin and dieldrin bind to soil and sediment and are considered immobile in soils.  The tendency to 
bind tightly to soils minimizes leaching to groundwater and surface water.  Detections of these 
constituents in groundwater or surface water are likely due the presence of particulate matter in 
samples.  Aldrin in water readily degrades to dieldrin by photooxidation and biotransformation under 
anaerobic conditions.  Aldrin in soil degrades to dieldrin under aerobic conditions.  Dieldrin is more 
persistent in the environment, and may transform slowly under certain conditions to the more 
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persistent photodieldrin.  Aldrin and dieldrin bioconcentrate in plants, animals, and aquatic organisms 
and biomagnify in aquatic and terrestrial food chains (ATSDR, 2002a). 

Endrin binds strongly to soil and sediment, but may be slightly leachable from low-organic content 
soils.  The tendency to bind tightly to soils minimizes leaching to groundwater and surface water.  
Detections of these substances in groundwater or surface water are likely due the presence of 
particulate matter in samples.  Hydrolysis and biodegradation do not appear to be significant in the 
reduction of endrin in soils.  Endrin transforms primarily to endrin ketone with minor amounts of endrin 
aldehyde due to heat transformation and photochemical reaction.  Endrin bioconcentrates in aquatic 
organisms, but is not expected to biomagnify in aquatic or terrestrial food chains (ATSDR, 1996). 

Chlorinated hydrocarbon insecticides are persistent in the environment, with volatilization the only 
significant means of degradation or loss in soil.  These constituents bind strongly to solids, with the 
strength of the bond increasing with organic content of the soil or sediment.  Chlorinated hydrocarbon 
insecticides are persistent in the environment and do not readily break down in soil or groundwater.  
They will bioconcentrate in aquatic organisms, and may biomagnify in aquatic and terrestrial food 
chains (ATSDR, 1994). 

Heptachlor degrades to heptachlor epoxide in the environment and in organisms.  Heptachlor epoxide 
is more persistent in the environment than heptachlor due to its slower breakdown rate.  Heptachlor 
and heptachlor epoxide partition strongly to soil and sediment and do not readily leach to groundwater 
or surface water.  Heptachlor epoxide will bioconcentrate and biomagnify up the food chain due to its 
persistence and lipophilic properties (ATSDR, 2007c).  

8.7.6.2 Data 

NAPL, soil, groundwater, sediment, surface water, stormwater sediment and fish tissue at the RP 
property and vicinity were sampled and analyzed for OCIs.  Over 1,000 samples including field 
duplicates were analyzed and results are presented in tables in Appendix C and as shown on figures 
in Appendix F as indicated below. 

Data Sets 

● Soil:  Table C1-5; Figures F-0151 to F-0204 

● Groundwater:  Tables C3-5 (monitoring wells) and C2-4 (borings); Figures F-0516 to F-
0587 and F-0779 to F-0796 

● Sediment and surface water:  Table C7-4 and C5-5; Figures F-0929 to F-0945 

● Stormwater/Nonstormwater: Table C8-4; Figures F-1139 to F-1156 
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● Biota: Table C9-2 

● Storm Sewer Cleanout Sediment:  Table C10-5 

● NAPL:  Table C4-4; Figures F-0860 to F-0876 

RI groundwater samples collected prior to 2007 were analyzed for OCIs by the standard EPA 8080 or 
8081A Methods using GC/ECD.  Samples collected since 2007 were analyzed by GC/HRMS or 
GC/MS/MS, which are more advanced techniques offering better detection limits and increased 
selectivity compared to GC/ECD.  Standard GC/ECD and Low-level GC/ECD do not offer sufficiently 
low detection limits to be useful and both are subject to false positive results.  Ultra-trace-level 
GC/ECD gives detection limits sufficiently low to be usable, but is also subject to false positive results.  
Samples analyzed by GC/ECD with OCI detections were re-analyzed by GC/HRMS or MS/MS when 
possible, to confirm the reliability of the detections.  Some of the low-level OCI detections in the RP RI 
data set may be false positive results related to the presence of interfering compounds such as PAHs 
(AMEC, 2008g).   

Data Usability 

8.7.6.3 Sources of Chlorinated Hydrocarbon Insecticides in the RP Property Vicinity 

OCIs historically were used for insect control and were released directly into the environment.  Aldrin, 
dieldrin, endrin, chlordane, and heptachlor were formulated and stored in the IA between 1945 and 
1969 (EMCON, 1992).   

The filling of former Doane Lake with soil and fill material from various industrial activities by 
surrounding property owners may have introduced OCIs to the former Doane Lake area, former WDL, 
and NDL.  The historical placement of River dredge material as fill on the Siltronic and Arkema 
properties may also contribute insecticides to soil and groundwater in near-River samples and in City 
Outfall 22B storm sewer system non-stormwater and sediment samples. 

8.7.6.4 Nature and Extent of Chlorinated Hydrocarbon Insecticides in Environmental 
Media in the RP Property Vicinity 

Soil 

IA: Chlorinated hydrocarbon insecticides were detected at concentrations greater than RSLs in IA soil.  
The greatest concentrations in the RP RI data set were from samples limited to historical formulation 
and storage areas near the former dust plant building and within 20 feet of the ground surface.  These 

Source Area Soils 
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RSL exceedances in the central area of the IA are surrounded by soil results less than RSLs or non-
detected results. 

The greatest aldrin concentration in the IA was 20,000 mg/kg in ITP-09C located near the footprint of 
the former dust plant building.  Aldrin concentrations in soil samples collected near the perimeter of 
the IA were generally less than the MDL, with isolated concentrations near the RSL of 0.110 mg/kg, 
indicating that aldrin detections in soil decrease significantly with distance from the former formulation 
and storage areas. 

The greatest dieldrin concentration in the IA was 1,470 mg/kg in sample OPEN-5 at the ground 
surface collected very close to the former dust plant building.  Dieldrin concentrations in the HA 
decreased significantly with distance from the former formulation and storage area.  

Chlorinated hydrocarbon insecticides were not detected in the six NAPL samples analyzed for OCIs. 

Non Source Area Soils 

HA: There is no evidence of a continuous distribution of aldrin, dieldrin, endrin, or chlordane in soil in 
the HA.  Aldrin and Dieldrin were the only constituents in this subgroup detected at concentrations 
greater than RSLs, with very isolated exceptions for chlordane, endrin, and heptachlor.  All HA soil 
data was generated by GC/ECD.  Aldrin concentrations in the HA were much less than in the IA, with 
a maximum detection of 6.4 mg/kg at the ground surface in PL-05 located at the southern end of the 
HA, near the IA.  Aldrin was detected at a concentration greater than the RSL of 0.1 mg/kg in several 
isolated locations within the HA.  The exceedances generally were separated by samples with 
concentrations less than RSLs or by samples where aldrin was not detected.   

Dieldrin concentrations in the HA were much less than in the IA, with a maximum detection of 337 
mg/kg at 8 feet bgs in HA-203 located at the northern end of the HA.  The HA-203 dieldrin result was 
significantly greater than other detections in the HA and is not representative of typical HA 
concentrations.  Dieldrin was detected at a concentration greater than the RSL of 0.11 mg/kg in 
several isolated locations within the HA; however, the exceedances generally were separated by 
samples with dieldrin concentrations less than RSLs or by samples where dieldrin was not detected. 

Former Doane Lake: There is no evidence of a continuous distribution of aldrin, dieldrin, endrin, or 
chlordane in soil in the former Doane Lake area or the LADD area.  Aldrin and dieldrin were the only 
constituents in this subgroup detected at concentrations greater than RSLs, with only a few spatially 
isolated exceptions for chlordane and heptachlor epoxide.  All soil data in the former Doane Lake and 
LADD area were generated by GC/ECD.  The aldrin detections greater than the RSL of 0.1 mg/kg 
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were limited to samples in the LADD area, with the exception of isolated samples located near the 
southern property boundary.  The maximum aldrin concentration detected in the LADD area was 31 
mg/kg in sample LA-10 (6 to 7 feet bgs).  The LA-10 aldrin result is significantly greater than other 
detections in the LADD area, and is not representative of typical LADD area concentrations.  The next 
highest detection in the LADD area was 0.798 mg/kg at 7 to 8 feet bgs in TP-HH.  Aldrin detections 
less than RSLs were sporadic and spatially isolated. 

Dieldrin was detected at concentrations greater than the RSL of 0.11 mg/kg in samples in the LADD 
area and in isolated samples in the former Doane Lake area.  The maximum concentration detected 
in the LADD area was 1.28 mg/kg in sample LADD-102 (0 to 1 foot bgs).  The greatest dieldrin 
concentration in soil samples from other locations in the former Doane Lake area was 5.6 mg/kg in 
LCB-02 located near the NL/Gould property boundary. 

Other Properties: The only RSL exceedance in a soil sample beyond the boundaries of the RP 
property and the LADD area was heptachlor epoxide in a single sample from the Siltronic property.   

Gamma-chlordane was the only chlorinated hydrocarbon insecticide detected in the HDD and was 
only detected at concentrations significantly below the RSL of 6.5 mg/kg at depths to 12 feet bgs in 
borings HDD-210 and HDD-207. 

Aldrin, dieldrin, endrin, chlordane, and heptachlor were not detected in the RP RI data set at 
concentrations greater than RSLs in soil from other properties in the area.  Endrin and endrin 
aldehyde were the only chlorinated hydrocarbon insecticides detected in soil samples within the RP RI 
data set at the Arkema property.  Endrin was detected at 0.006 mg/kg below the RSL of 180 mg/kg at 
2 to 3 feet bgs in ARK-06 located in the upland area of Arkema Lot 1.  Endrin Aldehyde was detected 
at 5.90E-04 mg/kg at 11 to 12 feet bgs (potential collected below the water table) in ARK-18 located at 
the Riverbank on Arkema Lot 2.    

Groundwater 

IA: Aldrin and dieldrin were historically detected at concentrations greater than RSLs in six IA 
monitoring wells.  The RSL for both aldrin and dieldrin is very low (4.00E-06 mg/L) and near the 
standard analytical detection limits for either GC/ECD or HRMS, therefore any detection is likely to 
result in an exceedance.  The majority of the aldrin and dieldrin data were analyzed using GC/ECD 
and results may be false positives.  Analytical data indicate that aldrin and dieldrin concentrations in 
IA groundwater have decreased over time.  The maximum aldrin detection in the IA was 0.32 mg/L 
detected in October 1993 in the Fine-Grained Alluvium in RPW-02(38), located near the southern 

Source Area Groundwater 
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corner of the former dust plant building.  Concentrations in this well have decreased over time and 
aldrin was not detected during the most recent sampling event in April 2002.  Dieldrin was detected at 
0.013 mg/L in the Fine-Grained Alluvium in monitoring well MW-10-24 in September 1993.  Dieldrin 
concentrations in monitoring well MW-10-24 have decreased and dieldrin was detected at 0.004 mg/L 
in the most recent sampling event in April 2005.   

Endrin and its breakdown products alpha-chlordane, gamma-chlordane, heptachlor, and heptachlor 
epoxide were historically detected at concentrations greater than RSLs in the same wells with aldrin 
and dieldrin detections.  Fewer RSL exceedances were identified for these chlorinated hydrocarbon 
insecticides than for aldrin and dieldrin, and concentrations of these compounds generally decreased 
or remained stable over time.   

Arkema: Dieldrin was detected at 6.17E-07 mg/L (J qualified) and 2.70E-06 mg/L in samples collected 
from Arkema Riverbank well RP-14-11 in 2007 and 2010, respectively.  These concentrations exceed 
the SCE SLV of 5.4E-06.  Every other detection by GC/HRMS in Arkema groundwater samples was J 
qualified.   

HA: There is no evidence of continuous chlorinated insecticide releases to groundwater in the HA.  
HA groundwater data prior to 2007 was generated using GC/ECD and low-level GC/ECD results may 
be false positives or biased high based on the limitations of the method and comparison of results 
using the two methods.  For example, in MW 11-24, historical gamma-BHC concentrations from ECD 
analyses were approximately 2.5 to 755 times higher than the gamma-BHC concentration from the 
HRMS analysis.  Groundwater samples collected in 2007 and 2009 were analyzed by GC/HRMS.  
Aldrin and dieldrin were the only chlorinated hydrocarbon insecticides detected at concentrations 
greater than RSLs by GC/HRMS, and exceedances were limited to the MW-05 and MW-09 well 
clusters.  The RSLs for aldrin and dieldrin (4.00E-06 mg/L) are extremely low; therefore, any detection 
of these compounds will likely result in an RSL exceedance.  The maximum detection of these two 
compounds detected by GC/HRMS was dieldrin at 0.001 mg/L in a May 2009 sample from monitoring 
well MW-09-23. 

Non Source Area Groundwater 

LADD/Former Doane Lake: There is no evidence of continuous chlorinated insecticide releases to 
groundwater in the former Doane Lake area or the LADD area.  Groundwater data prior to 2007 was 
generated using GC/ECD.  Groundwater samples collected in 2007 and 2009 were analyzed by 
GC/HRMS.  Aldrin, chlordane, alpha-chlordane, gamma-chlordane, heptachlor, and heptachlor 
epoxide were detected at concentrations greater than RSLs in groundwater samples analyzed by 
GC/ECD.  Chlordane was detected at the greatest concentration, at a maximum of 0.28 mg/L in a 
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November 1994 sample from monitoring well BST2W-61.  No chlorinated hydrocarbon insecticides 
were detected in groundwater samples collected in 2007 and 2009 and analyzed by GC/HRMS, 
including well BST2W-61. 

Other properties: Groundwater samples collected from off-site properties between May 2000 and 
March 2007 were analyzed by EPA Method 8081A.  One or more of the chlorinated hydrocarbon 
insecticides or their breakdown products were detected at a concentrations greater than the RSLs on 
Metro, BNSF, City, NL/Gould, Schnitzer, and Siltronic properties in samples analyzed by EPA Method 
8081A.  Low-level concentrations detected using EPA Method 8081A are considered tentatively 
identified unless the detections are confirmed using alternate methods such as GC/HRMS.   

Samples were collected for analysis by GC/MS/MS and GC/HRMS in 2007, 2008, and 2009 from 
wells on the Metro, BNSF right-of-way between NDL and the River, NL/Gould, Schnitzer, and Siltronic 
properties.  Aldrin, dieldrin, gamma-chlordane, and heptachlor epoxide were detected at 
concentrations greater than the RSLs in the Fine-Grained Alluvium in ASW-01A and ASW-04(18) 
located in the southwestern area of the Metro property near the boundary with the IA.  Dieldrin was 
detected at a concentration slightly greater than the RSL in one sample from the Artificial Fill in a well 
in N.W. Front Avenue, and one sample from the Artificial Fill on the Schnitzer property.  Chlorinated 
hydrocarbon insecticides were not detected at concentrations greater than RSLs in samples collected 
from the other properties in the vicinity of the RP property analyzed by GC/MS/MS or GC/HRMS.   

Lake sediment samples were collected from 35 locations in former WDL, 10 locations in NDL, and 3 
locations in NDP.  Four surface water samples were collected from former WDL, ten were collected 
from NDL, and five surface water or seep samples were collected from NDP.  Chlorinated 
hydrocarbon insecticides are bound to lake sediment and are not mobilized to surface water or to the 
River.     

Lake Sediment/Surface Water 

Chlorinated hydrocarbon insecticides detected in former WDL sediment were likely associated with 
historical discharges to the LADD from the RP property and from stormwater runoff.   

Former WDL  

Several chlorinated hydrocarbon insecticides were detected in former WDL sediment samples 
collected in February 2006 analyzed by EPA Method 8081A.  Samples from two locations in former 
WDL (TS-1 and TS-2) were collected in August 2008 and were analyzed by GC/MS/MS.   
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The chlorinated hydrocarbon insecticide detected at the greatest concentration in sample TS-1 
analyzed by EPA Method 8081A in 2006 was dieldrin at 6.8 mg/kg.  Dieldrin was not detected in the 
TS-1 sample analyzed by GC/MS/MS in 2008, suggesting that the earlier result generated using ECD 
was a false positive.  Many OCI results generated using ECD may be false positives.  The greatest 
chlorinated insecticide concentration detected in the TS-1 sample analyzed by GC/MS/MS in 2008 
was gamma-chlordane at 0.380 mg/kg.  This concentration is approximately four times less than the 
gamma-chlordane concentration previously detected by ECD, indicating potential matrix interference 
and high analytical bias associated with the ECD. 

The chlorinated insecticide detected at the greatest concentration in sediment sample TS-2 by EPA 
Method 8081A in 2006 was endrin at 0.200 mg/kg.  Endrin was not detected in the TS-2 sample 
analyzed by GC/MS/MS in 2008, suggesting that the earlier result generated using ECD was a false 
positive.  Many OCI results generated using ECD may be false positives.  The greatest chlorinated 
insecticide concentration detected in the TS-2 sample analyzed by GC/MS/MS in 2008 was gamma-
chlordane at 0.022 mg/kg.  Gamma-chlordane was not previously detected by ECD, indicating the 
possible presence of matrix interference that masked its presence. 

Four surface water samples from former WDL were analyzed by EPA Method 8080 or 8081A.  No 
surface water samples were analyzed by GC/HRMS.  Very low concentrations of dieldrin (maximum 
detection 8.00E-05 mg/L) and heptachlor epoxide (maximum detection 2.40E-05 mg/L) were detected 
in the surface water samples.  One of the heptachlor epoxide detections was J qualified as estimated 
because the detected concentration was between the MDL and the MRL.  The other heptachlor 
epoxide result was N qualified as being tentatively identified during validation because there was 
greater than 40% RPD between the concentrations detected on the primary and secondary analytical 
columns.  This detection exhibits both qualitative and quantitative uncertainty.  The surface water data 
show that chlorinated hydrocarbon insecticides were strongly bound to sediment, and were not 
mobilizing to surface water or to the River.   

All sediment samples from NDL were analyzed by EPA Method 8081A.  Chlorinated hydrocarbon 
insecticides were not detected above RSLs in NDL sediment.  Low concentrations of dieldrin, endrin, 
and gamma-chlordane were detected in three sediment samples from NDL.  Chlorinated hydrocarbon 
insecticides were not detected in NDL surface water samples at concentrations above MDLs, which 
ranged from 5.00E-05 mg/L to 0.005 mg/L during the 1995 sampling event and from 5.00E-06 mg/L to 
5.00E-05 mg/L during the 2003 sampling event.  The lack of detections in surface water indicates that 
chlorinated hydrocarbon insecticides are strongly bound to sediment, are not available to surface 
water or to the River.   

NDL 
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Chlorinated hydrocarbon insecticides were not detected in NDP sediment or surface water samples. 

NDP 

Seventeen fish tissue samples and one amphibian (non-native juvenile bullfrog) tissue sample 
collected from NDL were submitted for analysis of select OCIs including aldrin, alpha-chlordane, 
gamma-chlordane, cis-nonachlor, dieldrin, endrin and its breakdown products, heptachlor, heptachlor 
epoxide, oxychlordane, and trans-nonachlor.  The chlorinated hydrocarbon insecticides detected 
consistently and at the highest concentrations in biota samples from NDL were alpha-chlordane, cis-
nonachlor, dieldrin, and trans-nonachlor.  The data indicate that chlorinated hydrocarbon insecticide 
concentrations in NDL biota are typically below concentrations in Portland Harbor biota. 

Biota 

Endrin, dieldrin, and gamma-chlordane were the only chlorinated hydrocarbon insecticides detected in 
NDL sediment.  Chlorinated hydrocarbon insecticides were not detected in NDL surface water.  The 
maximum endrin (2.44E-04 mg/kg), dieldrin (0.007 mg/kg), and gamma-chlordane (0.003 mg/kg) 
detections in NDL biota were detected in the large scale sucker sample.  Endrin, dieldrin, and gamma-
chlordane were not detected in sucker samples from Portland Harbor, but were typically detected at 
higher concentrations in other biota from Portland Harbor than in NDL.  The maximum dieldrin 
concentration detected in biota from NDL was 0.0068 mg/kg in a largemouth bass sample, compared 
to a maximum concentration of 0.0073 mg/kg in a smallmouth bass sample from Portland Harbor. 

The maximum alpha-chlordane concentration detected in NDL biota was 0.003 mg/kg in a composite 
carp sample, compared to a maximum concentration of 0.008 mg/kg (N qualified) in carp samples 
from Portland Harbor.  The maximum cis-nonachlor concentration detected in NDL biota was 0.00371 
mg/kg in an adult largemouth bass sample, compared to a maximum concentration of 0.00393 mg/kg 
detected in a smallmouth bass sample from Portland Harbor.  The maximum trans-nonachlor 
concentration detected in NDL biota was 0.00979 mg/kg in a largemouth bass sample, compared to a 
maximum concentration of 0.0146 mg/kg in a smallmouth bass sample from Portland Harbor.   

Chlorinated hydrocarbon insecticide detections in stormwater and non-stormwater samples from the 
storm sewer systems leading to City Outfall 22B and at City Outfall 22C were very low.  Chlorinated 
hydrocarbon insecticides were detected in storm sewer cleanout sediment samples; however, the 
analytical data for stormwater and non-stormwater show that these compounds are not leaching from 
sediment to water. 

Stormwater/Non-stormwater and Storm Sewer Sediment 



 

AMEC Earth & Environmental, Inc. 
Project No.:  0-61M-107030/Phase 0104/T6 329 
K:\10000\10700\10703\0100 RI-FS-ROD\0104 RI Report\Draft RI\RI-SCE Report.Docx 

The historical detections of chlorinated hydrocarbon insecticides in non-stormwater in the City Outfall 
22B storm sewer system were generally consistent with surrounding groundwater detections and 
likely represented infiltrating groundwater.  Cleanout sediment samples also contained detectable 
chlorinated hydrocarbon insecticides; sources of sediment include overland transport, including 
transport from the Arkema Site, and transport and deposition with infiltrating groundwater.  The City 
Outfall 22B IRAM currently in progress will eliminate the infiltration of groundwater and discharge of 
RP-related constituents in infiltrated groundwater at City Outfall 22B.  Certain quality control repairs 
remain to be completed.  However, the City Outfall 22B IRAM has substantially reduced non-
stormwater flow as of November 2010.  Chlorinated hydrocarbon insecticides were detected in 
stormwater and non-stormwater samples from the system discharging at City Outfall 22B.  The very 
low concentrations of chlorinated hydrocarbon insecticides detected in stormwater and non-
stormwater are consistent with the physical properties of these compounds, which bind tightly to soil 
and do not tend to leach into water. 

City Outfall 22B 

Chlorinated hydrocarbon insecticides were analyzed in non-stormwater samples collected from the 
City Outfall 22B storm sewer system in July 1995, August 2002, September 2004, December 2006, 
February and October 2007, February and June 2008, and May 2009.  The maximum chlorinated 
hydrocarbon insecticide detection was dieldrin at 1.79E-04 mg/L in a May 2009 sample from MH-10, 
located just north of the intersection of NW Front Avenue and NW 61st Avenue.  The maximum 
dieldrin detection in a sample collected from City Outfall 22B was 3.60E-05 mg/L in a sample 
collected in May 2009.  This concentration exceeds the very low NRWQC of 5.40E-08 mg/L.  Aldrin 
was detected at 4.07E-06 mg/L (above the very low NRWQC of 5.00E-08 mg/L) in a sample collected 
in August 2002. 

Storm sewer cleanout sediment samples were collected from the City Outfall 22B system in 
November 2006 and September and October 2009.  Composite sample IDW-270 was collected in 
November 2006 between MH-10 and MH-5 located at the northern end of NW Front Avenue.  The 
only chlorinated hydrocarbon insecticide detected in sample IDW-270 was dieldrin at 0.00934 mg/kg 
(J-qualified). 

Sediment sample IDW-333 was collected as a composite sample between MH-10 and City Outfall 
22B in September 2009.  Several chlorinated hydrocarbon insecticides were detected in IDW-333.  
The maximum detection was chlordane at 0.253 mg/kg.  Sediment samples also were collected from 
the Metro, Schnitzer, and NL/Gould properties.  The maximum detection on these properties was 
dieldrin at 0.146 mg/kg in IDW-334 from the Metro property. 
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Chlorinated hydrocarbon insecticides were not detected at City Outfall 22C in four non-stormwater 
samples collected in August 2002, November 2003, September 2004, and July 2009, or from one 
stormwater sample collected in December 2003.   

City Outfall 22C 

8.7.6.5 Fate and Transport of Chlorinated Hydrocarbon Insecticides in Environmental 
Media in the RP Property Vicinity  

There is no evidence of consistent widespread chlorinated hydrocarbon insecticide releases between 
the RP property and the River. 

Insecticides historically were formulated on the IA and operational activities likely contributed to the 
low-level, localized constituent concentrations in soil and groundwater in the IA and the LADD area.  
These areas are not the source of contamination in other media in the vicinity of the RP property 
because the extent of chlorinated hydrocarbon insecticides in RP source areas is limited to isolated 
locations and constituents were not detected continuously between the RP property and vicinity 
properties.   

8.7.6.6 Summary of Transport Pathways 

There is no evidence of a consistent pattern of chlorinated hydrocarbon insecticide detections 
between potential historical release areas on the RP property and the River.  Chlorinated hydrocarbon 
insecticides were detected in groundwater samples from known source areas (IA and LADD) on the 
RP property, but were not detected consistently or at significant concentrations at downgradient 
properties or in near-River wells.   

Groundwater 

Former Doane Lake/Former WDL: There is no evidence of significant chlorinated hydrocarbon 
insecticide releases to former WDL or former Doane Lake.  Chlorinated hydrocarbon insecticides 
were detected in isolated WDL sediment samples.  They were not detected consistently or at 
significant concentrations in WDL surface water, indicating they were tightly bound to sediment and 
were not mobilizing to surface water or the River. 

Stormwater, Surface Water, and Sediment 

NDL/NDP: Low concentrations of chlorinated hydrocarbon insecticides were detected in sediment 
samples from NDL.  Chlorinated hydrocarbon insecticides were not detected in NDL groundwater 
samples, or sediment or groundwater samples from NDP, indicating that they are strongly bound to 
sediment, are not mobilizing to surface water or to the River.   
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HDD: No significant chlorinated insecticide concentrations were detected in soil samples from the 
HDD, indicating that these constituents are not migrating from source areas on the RP property to the 
HDD.   

Stormwater/Non-stormwater: Chlorinated hydrocarbon insecticide detections in stormwater and non-
stormwater samples from the storm sewer systems leading to City Outfall 22B and at City Outfall 22C 
were very low.  Chlorinated hydrocarbon insecticides were detected in storm sewer cleanout sediment 
samples; however, the analytical data for stormwater and non-stormwater show that these 
compounds are not leaching from sediment to water.  

The highest chlorinated hydrocarbon insecticide concentrations were detected in soil and groundwater 
in the IA.  Concentrations decreased to below RSLs in most samples collected from the Arkema 
property.  Endrin, dieldrin, and other chlorinated hydrocarbon insecticides were detected above SCE 
SLVs in groundwater samples from Arkema Riverbank wells analyzed by GC/HRMS since 2007; 
however, these SLVs are extremely low (less than 2.3E-06 mg/L) and any detection is likely to result 
in an exceedance.  Most of the chlorinated hydrocarbon detections at the Arkema Riverbank were J 
qualified as tentatively identified due to the very low concentrations.   

Chlorinated Hydrocarbon Insecticide Summary 

8.7.7 Other OCIs 
Constituents detected by GC/ECD, GC/HRMS, or GC/MS/MS that do not fit into one of the previously 
described subcategories include toxaphene, hexachlorobutadiene, mirex, and hexachlorobenzene, 
which are hereafter referred to as “other OCIs.”  Mirex was a dimer of hexachlorocyclopentadiene 
produced by the Hooker Chemical Company that was also sold as a flame retardant under the trade 
name dechlorane, for use as a flame retardant.  Records show that the Hooker Chemical Company 
sold three times as much dechlorane as mirex (NAS, 1978).  Hexachlorobenzene and toxaphene 
were used in insecticide formulation in the IA. 

Toxaphene and hexachlorobenzene were the only other OCIs detected at concentrations greater than 
RSLs in groundwater samples in the RP RI data set.  Hexachlorobutadiene and mirex were not 
detected consistently or at significant concentrations at the RP property or surrounding properties; 
therefore, only hexachlorobenzene and toxaphene are discussed in this section. 

The last registered use of hexachlorobenzene as a pesticide in the United States was voluntarily 
canceled in 1984.  Industrial sources of hexachlorobenzene in the environment include its release as 
a byproduct during the manufacture of chlorinated solvents or as an impurity in other insecticides 
(ATSDR, 2002c). 
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Toxaphene was a heavily used insecticide in the United States until it was banned for most uses in 
1982 and for all uses in 1990.  Historically, toxaphene was used primarily the southern United States 
as an agricultural insecticide and in lakes to kill unwanted fish (ATSDR, 2010b). 

OCI concentrations detected at the RP property and in the vicinity were low and sporadic.  There is no 
evidence of a consistent pattern of other OCIs between potential historical release areas on the RP 
property and the River.   

8.7.7.1 Physical Properties/Environmental Fate of Other OCIs 

Hexachlorobenzene and toxaphene have a moderate vapor pressures and very low solubilities.  They 
are persistent in the environment and are not readily degraded in soil or water by abiotic or biotic 
processes.  Hexachlorobenzene and toxaphene adsorb strongly to organic matter in soil and do not 
readily leach to groundwater or surface water.  Hexachlorobenzene and toxaphene can 
bioaccumulate in aquatic and terrestrial organisms. 

NAPL, soil, groundwater, sediment, surface water, stormwater sediment and fish tissue at the RP 
property and vicinity were sampled and analyzed for OCIs.  Over 1,000 samples including field 
duplicates were analyzed and results are presented in tables in Appendix C and as shown on figures 
in Appendix F as indicated below. 

Data Sets 

● Soil:  Table C1-5; Figures F-0151 to F-0204 

● Groundwater:  Tables C3-5 (monitoring wells) and C2-4 (borings); Figures F-0516 to F-
0587 and F-0779 to F-0796 

● Sediment and surface water:  Table C7-4 and C5-5; Figures F-0929 to F-0945 

● Stormwater/Nonstormwater: Table C8-4; Figures F-1139 to F-1156 

● Biota: Table C9-2 

● Storm Sewer Cleanout Sediment:  Table C10-5 

● NAPL:  Table C4-4; Figures F-0860 to F-0876 

RI groundwater samples collected prior to 2007 were analyzed for OCIs by the standard EPA 8081A 
technique using GC/ECD.  Samples collected since 2007 were analyzed by GC/HRMS or GC/MS/MS, 
which are more advanced techniques offering lower detection limits and increased selectivity than 
GC/ECD.  Standard GC/ECD and low-level GC/ECD do not offer sufficiently low detection limits to be 

Data Usability 
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useful and both are subject to false positive results.  Ultra-trace-level GC/ECD gives detection limits 
sufficiently low to be usable, but is also subject to false positive results.  Samples analyzed by 
GC/ECD with OCI detections were re-analyzed by GC/HRMS or GC/MS/MS when possible, to 
confirm the reliability of the detections.  Some of the low-level OCI detections in the RP RI data set 
may be false positive results related to the presence of interfering compounds such as PAHs.   

8.7.7.2 Sources of Other OCIs in the RP Property Vicinity 

There are multiple historical sources of other OCIs in the RP property vicinity.  Hexachlorobenzene 
and toxaphene were formulated and stored in the IA between 1945 and 1969 (EMCON, 1992).  
Releases of hexachlorobenzene and toxaphene may have occurred in process, storage, and transport 
areas. 

Historical information (Appendix L) documents that a waste stream from chlorine wash waters at the 
Arkema property contained hexachlorobenzene, hexachlorobutadiene and other chlorinated 
hydrocarbon insecticides which may have been discharged to the Arkema property or the River. 

The filling of former Doane Lake with soil and fill material from various industrial activities by 
surrounding property owners may have introduced OCIs to the former Doane Lake area, former WDL, 
and NDL.  The historical placement of River dredge material as fill on the Siltronic and Arkema 
properties may also contribute constituents to soil and groundwater in near-River samples. 

OCIs historically have been used for insect control by public and private entities and have been 
released directly into the environment.  

8.7.7.3 Nature and Extent of Other OCIs in Environmental Media in the RP Property 
Vicinity 

Soil 

There is no evidence of significant concentrations of other OCIs in NAPL samples.  
Hexachlorobenzene was detected, using Method 8081A, at 71.5 mg/kg and 69.5 mg/kg in a NAPL 
sample and field duplicate, respectively, collected from HA piezometer P-07 in 1999.  
Hexachlorobenzene was not detected in these samples by EPA Method 8270.  The detected 
hexachlorobenzene results from EPA Method 8081A analysis likely are false positives resulting from 
analytical interference due to the high concentrations of other organic constituents present in these 
samples (EPA, 1996b).  Toxaphene was not detected in NAPL area samples. 

Source Area Soils 
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IA: The greatest hexachlorobenzene detections were in IA soil samples collected around the former 
dust plant building.  Hexachlorobenzene concentrations greater than the RSL of 1.1 mg/kg were 
limited to samples collected within 10 feet of the ground surface, and concentrations generally 
decrease with distance from the dust plant building.  

The greatest toxaphene concentrations in IA soil were in samples collected near railroad spurs onto 
the property and near the former dust plant building.  Toxaphene concentrations greater than the RSL 
of 1.6 mg/kg were limited to samples within 7 feet of the ground surface, with the exception of a single 
sample collected from 20 to 21 feet bgs. 

With the exception of an isolated area of toxaphene detections near the railroad spur in the southern 
portion of the HA, there is no evidence of a continuous area of hexachlorobenzene or toxaphene 
releases at the RP property or vicinity properties.  There is no evidence of significant concentrations 
of other OCIs in NAPL samples.  Hexachlorobenzene was detected, using Method 8081A, at 71.5 
mg/kg and 69.5 mg/kg in a NAPL sample and field duplicate, respectively, collected from HA 
piezometer P-07 in 1999.  Hexachlorobenzene was not detected in these samples by EPA Method 
8270.  The detected hexachlorobenzene results from EPA Method 8081A analysis likely are false 
positives resulting from analytical interference due to the high concentrations of other organic 
constituents present in these samples (EPA, 1996b).  Toxaphene was not detected in NAPL area 
samples. 

Non-Source Area Soil 

HA: Hexachlorobenzene was not detected at concentrations greater than the RSL in HA soil samples.  
Toxaphene was detected at concentrations greater than the RSL in seven soil samples collected 
within 20 feet of the ground surface in the HA.  Four of the RSL exceedances were in samples 
collected near the railroad spur entering the HA from the IA.  With the exception of an isolated area of 
toxaphene detections near the railroad spur in the southern portion of the HA, there is no evidence of 
a continuous area of hexachlorobenzene or toxaphene releases in the HA.   

LADD area/Former Doane Lake: Hexachlorobenzene was detected at concentrations greater than the 
RSL in a sample at LADD-102 from 0 to 1 foot bgs in the LADD area.  Toxaphene was detected at 
concentrations greater than the RSL in several samples in and near the LADD area, and at isolated 
locations in the former Doane Lake area. 

Other properties: There is no evidence of a continuous area of hexachlorobenzene or toxaphene in 
soil on properties in the RP property vicinity.  Toxaphene was not detected at concentrations greater 
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than the RSL on other properties in the vicinity.  Hexachlorobenzene was detected at concentrations 
greater than the RSL in a limited number of samples from the Arkema property.   

Hexachlorobenzene and toxaphene were not detected in the HDD.  The maximum 
hexachlorobenzene concentration detected in soil samples from the Riverbank east of the HDD and 
on the Arkema property was 0.004 mg/kg in sample BEACH-03.  Toxaphene was not detected in 
Riverbank samples. 

Hexachlorobenzene was detected at concentrations greater than the RSL in soil samples from the IA, 
the Schnitzer property, and the LADD area.  Toxaphene was detected at concentrations greater than 
the RSL in samples from the IA, HA, the former Doane Lake area, and the LADD area.  All of the 
exceedances were in samples analyzed by GC/ECD. 

Other OCI concentrations in groundwater at the RP property and in the vicinity were low and sporadic.  
There is no evidence of a consistent pattern of detections between RP property source areas and the 
River.  Groundwater samples collected prior to September 2007 were analyzed by GC/ECD.  
Samples collected since September 2007 were analyzed by GC/HRMS and are reliable.   

Groundwater 

IA:  Hexachlorobenzene was detected in only three samples from the IA.  The maximum 
hexachlorobenzene detection in IA groundwater was 0.004 mg/L in a sample from the Artificial Fill in 
PZ-1-11 collected in 1995.  Hexachlorobutadiene was analyzed by GC/HRMS in only two samples in 
the IA, MW-11-37 and MW-11-56.  Hexachlorobutadiene was not detected above the detection limit of 
3.00E-08 mg/L in either sample.  Toxaphene was detected in two groundwater samples from 1993 at 
0.002 mg/L (MW-10-44 and MW-10-57).  

HA:  Hexachlorobenzene was detected in three well clusters in the HA (MW-05, MW-09, and 
extraction well A) in samples analyzed by GC/HRMS.  The maximum detection was 3.21E-04 mg/L 
(above the RSL of 4.20E-05 mg/L) in a sample collected from the Fine-Grained Alluvium in MW-09-23 
in May 2009.  The hexachlorobenzene RSL was exceeded only by samples collected form MW-09-23.  
Toxaphene was not detected in HA groundwater. 

LADD area/Former Doane Lake:  Hexachlorobenzene was detected at concentrations up to 0.001 
mg/L in the Former Doane Lake area and up to 1.17E-04 mg/L in the LADD area.  Toxaphene was 
not detected in groundwater in these areas. 

Other Properties: Hexachlorobenzene was not detected consistently or at significant concentrations 
between the RP property and the River.  The maximum hexachlorobenzene concentration detected in 
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groundwater between the RP property and the River was 4.77E-05 mg/L in the Artificial Fill on the 
Schnitzer property.  Hexachlorobenzene was detected at 4.87E-06, far below the RSL of 4.20E-05 
mg/L, in the Fine-Grained Alluvium in RP-14-11 located on the Riverbank.  Toxaphene was not 
detected in groundwater samples from the RP Property vicinity. 

Other OCI detections in stormwater and non-stormwater samples from the storm sewer systems 
leading to City Outfall 22B and at City Outfall 22C were very low.  Other OCIs were detected in storm 
sewer cleanout sediment samples; however, the analytical data for stormwater and non-stormwater 
show that other OCIs are not leaching from sediment to water.   

Stormwater/Non-stormwater and Storm Sewer Sediment 

The historical detections of other OCIs in non-stormwater in the City Outfall 22B storm sewer system 
were generally consistent with surrounding groundwater detections and likely represented infiltrating 
groundwater.  Cleanout sediment samples also contained detectable concentrations of other OCIs; 
sources of sediment include overland transport, including transport from the Arkema Site, and 
transport and deposition with infiltrating groundwater.  The City Outfall 22B IRAM currently in progress 
will eliminate the infiltration of groundwater and discharge of RP-related constituents in infiltrated 
groundwater at City Outfall 22B.  Certain quality control repairs remain to be completed.  However, 
the City Outfall 22B IRAM has substantially reduced non-stormwater flow as of November 2010. 

City Outfall 22B 

Other OCIs were detected at very low concentrations in non-stormwater samples from discharge at 
City Outfall 22B.  Hexachlorobenzene was detected at concentrations below the EPA NRWQC of 
2.9E-07 mg/L in non-stormwater samples from the City Outfall 22B storm sewer system, with the 
exception of one detection of 1.2E-06 mg/L at MH-4 in February 2008.  Other OCIs were not detected 
above NRWQCs in non-stormwater samples collected at Outfall 22B. 

Storm sewer cleanout sediment samples were collected from the City Outfall 22B system in 
November 2006 and September and October 2009.  Concentrations of other OCIs in sediment ranged 
from a maximum of 0.01 mg/kg (J-qualified) of hexachlorobenzene in IDW-334 on the Metro property 
to mirex at 2.60E-05 mg/kg (J-qualified) on the NL/Gould property.   

Other OCIs were not detected above MDLs (1.14E-04 mg/L and lower) in four non-stormwater 
samples from City Outfall 22C collected in August 2002, November 2003, September 2004, and July 
2009 and from one stormwater sample collected in December 2003.  Detection limits for other OCIs in 
these samples were generally above the NRWQCs. 

City Outfall 22C 
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8.7.7.4 Fate and Transport of Other OCIs in Environmental Media in the RP Property 
Vicinity 

There is no evidence of a consistent pattern of hexachlorobenzene or toxaphene detections between 
potential historical release areas on the RP property and the River.  Low-level, isolated concentrations 
were detected in soil and groundwater on the RP property; however, these constituents were not 
detected frequently or at significant concentrations, and do not pose a risk to the River.   

8.7.7.5 Summary of Transport Pathways 

There is no evidence of a consistent pattern of hexachlorobenzene or toxaphene detections between 
potential historical release areas on the RP property and the River.  Hexachlorobenzene was detected 
at very low concentrations in one sample collected from the HA, in two isolated samples collected 
near the LADD area, and in one isolated sample from the Schnitzer property in samples analyzed 
since 2007.  Toxaphene was detected in only two groundwater samples in the RP RI data set.  The 
low concentrations of hexachlorobenzene and toxaphene in source areas, and the lack of these 
constituents in near-River wells indicates that they are not migrating from the RP property and do not 
pose a risk to the River. 

Groundwater 

Former Doane Lake/Former WDL: Hexachlorobenzene was detected in sediment samples from 
former WDL.  Toxaphene was not detected in former WDL sediment samples, and neither compound 
was detected in sediment from NDL or NDP.  Hexachlorobenzene and toxaphene were not detected 
in former WDL, NDL, or NDP surface water samples.  Sediment in former WDL does not pose a risk 
to the River.  

Stormwater, Surface Water, and Sediment 

NDL/NDP: Hexachlorobenzene and toxaphene were not detected in NDL or NDP sediment or surface 
water samples.   

HDD: Hexachlorobenzene and toxaphene were not detected in the HDD.    

Stormwater/Non-Stormwater:  Other OCI detections in stormwater and non-stormwater samples from 
the storm sewer systems leading to City Outfall 22B and at City Outfall 22C were very low.  Other 
OCIs were detected in storm sewer cleanout sediment samples; however, the analytical data for 
stormwater and non-stormwater show that these compounds are not leaching from sediment to water. 
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Toxaphene and hexachlorobenzene were the only other OCIs detected at concentrations greater than 
RSLs in groundwater samples in the RP RI data set.  OCI concentrations detected at the RP property 
and in the vicinity were low and sporadic.  There is no evidence of a consistent pattern of other OCIs 
between potential historical release areas on the RP property and the River. 

Other OCI Summary 

8.8 ORGANOPHOSPHOROUS INSECTICIDES 

OPIs are used for insect control in agricultural and non-agricultural areas and are normally derivatives 
of phosphoric, phosphonic, phosphorothioic, or phosphonothioic acids (WHO, 1986).  OPIs usually 
are not persistent in the environment (EPA, 2009a), although their intended use results in direct 
release to water and soil.  Although use has generally decreased over the last few decades, most of 
these OPIs are still in use in many areas of the United States, including the Willamette River valley 
(USGS, 2002).   

OPIs are not constituents of concern for the RP RI.  The RP RI data set indicates detections of seven 
OPIs: bolstar, demeton-O, disulfoton, ethoprop, malathion, parathion, and tetrachlorvinphos (stirofos).  
Only two of the detected OPIs (malathion and parathion) were formulated, processed, or stored during 
historical RP operations (Table 2-C).  The detection frequency and most detected concentrations in 
environmental media are low, indicating that there were minimal losses from the former RP facility.   

The distribution and environmental fate of OPIs released to the environment at and in the vicinity of 
the RP property are determined by the source conditions, physical setting, and OPI chemical 
characteristics as discussed in Section 8.1.  OPIs in the site vicinity are potentially from a number of 
sources including spraying of the constituents for mosquito control and insect control at area facilities 
and formulation losses at the RP facility.  

8.8.1 Physical Properties/Environmental Fate of OPIs 
Published literature indicates that OPIs are relatively immobile in environmental media and degrade 
rapidly via both hydrolysis and biodegradation.  Therefore, leaching of OPIs from soil into groundwater 
is usually not observed (ASDR, 2003).  OPIs are not expected to accumulate in sediments due to their 
ready biodegradability, and the potential for bioconcentration of OPIs in aquatic organisms is low 
(HSDB, 2010g). 

8.8.2 Data 
Most of the OPI data for the RP RI were collected between 1991 and 2000.  There were limited soil 
samples from Expanded Lake Area Geophysical Survey (ELAGS) activities conducted in 2007.  OPIs 
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were detected in only 20 out of 11,637 individual OPI results.  Routine OPI analysis was discontinued 
in samples collected after December 2000 because these constituents were rarely detected, and 
when detected, did not exceed applicable screening criteria. 

8.8.2.1 Data Sets 

NAPL, soil, groundwater, sediment, surface water, and stormwater at the RP property and vicinity 
have been sampled and analyzed for OPIs.  A total of 530 samples including field duplicates, were 
analyzed for OPIs and results are presented in Appendix C, in the tables indicated below. 

● NAPL:  Table C4-5; Figure F-0877Soil:  Table C1-6; Figures F-0205 to F-0207 

● Groundwater:  Tables C2-5; Figures F-0588 to F-0591(monitoring wells); and Table C3-6; 
Figure F-0797 (temporary borings) 

● Sediment and surface water:  Tables C5-6 and C7-5; Figures F-0946 and F-1069 

● Stormwater (non-stormwater samples from the City Outfall 22B storm sewer system):  
Table C8-5; Figure F-1157 

8.8.2.2 Data Usability 

The EPA methods routinely used for OPI analysis (EPA Methods 8140 and EPA 8141A) are gas 
chromatography (GC) methods potentially subject to the same limitations as the GC methods used to 
analyze for OCIs (Section 8.7.3).  The two types of detectors commonly used for OPI analysis are 
nitrogen-phosphorus detectors (NPDs) and flame photometric detectors (FPDs).  NPDs are selective 
to nitrogen- and phosphorus-containing compounds (such as detergents), while FPDs are sensitive to 
phosphorus or sulfur-containing compounds.  Residues from phosphate-containing detergents used to 
clean sampling equipment or laboratory glassware will interfere with analyses using both NPDs and 
FPDs, and natural sulfate in groundwater can interfere with analyses performed using FPDs.  These 
analytical limitations may have resulted in some of the sporadic OPI detections described in Section 
8.8.4. 

8.8.3 Sources of OPIs in the RP Property Vicinity 
Limited quantities of OPIs were formulated, processed, or stored at the RP IA from 1945 to 1969 
(Section 2.2, Table 2-C).  OPIs were detected in soil and IDW from test pits near buried debris found 
during the NPA intrusive investigation (Section 4.1.2).  Only two OPIs formulated, processed, or 
stored in the IA (malathion and parathion) were detected in RP property and vicinity environmental 
media, although the frequency of detection of these constituents is low (Section 8.8.2).  Analytical 
limitations may have resulted in some of these sporadic OPI detections. 
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OPIs are and have been employed for insect control by public and private entities.  For example, 
malathion is commonly used by state and local agencies to control adult mosquitos (EPA, 2008d), and 
tetrachlorvinphos is used to control flies at refuse sites (EPA, 1995c).  OPIs used for public and 
private insect control are released directly to the environment.   

8.8.4 Nature and Extent of OPIs in Environmental Media in the RP Property Vicinity 
OPIs have not been detected in NAPL or stormwater and only in an extremely small number of soil, 
groundwater, and surface water samples.  Analytical limitations may have resulted in some of the 
sporadic OPI detections.   

OPI detections are very limited in lateral and vertical extent, representing isolated detections 
insufficient to act as a source.  OPIs were detected in only 11 of 530 samples, with 20 individual OPIs 
detected in 11,637 results, for a detection frequency of 0.1%.  Sporadic detections in off-property 
media are very likely either false positives or from sources other than the RP property.  OPI detections 
did not exceed their respective EPA 2010 Tap Water and Industrial Soil RSLs.  Tables (C1-6, C2-5, 
C3-6, C4-5, C5-6, C7-5, and C8-5) in Appendix C present OPI results and Tables (E-1, E-3, and E-5) 
in Appendix E present the detected results screened against the May 2010 update to the EPA RSLs 
(EPA, 2010b).  

8.8.4.1 Soil  

Soil analytical results demonstrate isolated detections of OPIs in RP property vicinity media.  All 
detected OPI concentrations were less than their respective EPA 2010 Industrial Soil RSLs (Table E-
1). 

OPIs have been detected in 9 samples collected in the IA and 3 samples collected near the LADD, 
out of 274 soil samples analyzed for OPIs.  Sixteen individual OPI results were detected out of 6,035 
results, for a detection frequency of approximately 0.3%.  Bolstar, demeton-o, ethoprop, and 
tetrachlorvinphos were never formulated or packaged at the RP facility but each were detected once 
in soil borings collected in the IA; parathion was detected in two soil samples collected  near the 
LADD; and malathion was detected in three samples near the LADD and seven IA samples (Table 
C1-6).  The locations where OPIs were detected in soil correspond to an area where insecticides were 
handled in the IA (Section 2.2) and an area where container debris was removed during the NPA 
Intrusive Investigations (Section 4.1.2).  

Disulfoton was detected in surface soil at the Riverbank, but this result is questionable.  Disulfoton 
was not formulated or packaged at the RP facility and was not detected in soil or groundwater at or in 
the vicinity of the RP facility.  Disulfoton was detected at a concentration of 0.056 mg/kg (just above 
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the laboratory reporting limit of 0.050 mg/kg) in the field duplicate collected at WR-03, below the City 
Outfall 22B discharge.  However, disulfoton was not detected in the primary sample, the City Outfall 
22B discharge water sample, or the field duplicate collected at the same location.    

The overall validity of the results is questionable because the results are not reproducible in both 
primary and field duplicate samples.  The discrepancies in the disulfoton results in samples collected 
from WR-03 may be indicative of laboratory contamination or analytical interference. 

8.8.4.2 Groundwater 

OPIs were not detected in 243 groundwater samples; malathion was detected in one sample (a 
groundwater sample from test boring ITB-14 in the IA).  The detected malathion result of 0.110 mg/L 
is less than the EPA 2010 Tap Water RSL of 0.730 mg/L.   

8.8.4.3 Lake Sediment, Surface Water, and Stormwater 

OPIs were not detected in sediment or surface water from NDL or former WDL.  They were also not 
detected in non-stormwater from the City Outfall 22B storm sewer system. 

Malathion was detected in surface water from the City Outfall 22B discharge at the Riverbank; but this 
result is also questionable.  Malathion was detected in only one groundwater sample at the RP facility 
and was not detected in samples downgradient of the facility.  The 0.0098 mg/L detection was in a 
field duplicate from a sample collected in 1995 at location WR-03.  Malathion was not detected at or 
above a reporting limit of 0.001 mg/L in the primary surface water sample.   

The overall validity of the results is questionable because the results are not reproducible in both 
primary and field duplicate samples or in both the surface water and sediment samples.  The 
discrepancies in the malathion results in samples collected from WR-03 may be indicative of 
laboratory contamination or analytical interference.   

8.8.5 Fate and Transport of OPIs in Environmental Media in the RP Property and 
Vicinity 

The isolated and minimal OPIs on the RP property and its vicinity are consistent with the physical and 
chemical properties of OPIs.  OPIs tend to degrade rapidly in the environment and will attenuate 
under current and future environmental conditions.   

OPIs have limited potential for transport from soil to groundwater because they are subject to rapid 
degradation in environmental media.  This is consistent with the extremely limited number of OPI 
detections in the RP RI groundwater data set.  Sixteen of 20 detections in the 11,637 OPI results in 
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the RP RI data set occur in soil samples collected from the IA and near the LADD.  Malathion, bolstar, 
demeton-o, ethoprop, tetrachlorvinphos, and parathion were not detected in soil or groundwater 
samples downgradient of the locations where they were detected in the IA and near the LADD.  Their 
presence is localized to the immediate vicinity of the sample locations.  Isolated detections in off-
property media are likely either false positives or from sources other than RP activities. 

There is no evidence for transport of malathion or disulfoton between the IA or LADD vicinity and the 
City Outfall 22B storm sewer system.  There also is no record of disulfoton formulation, processing, or 
storage in the RP IA (Section 2.2, Table 2-C), and this constituent was not detected in any RP 
property soil or groundwater samples.  The validity of the detected malathion and disulfoton results 
from the field duplicate soil and surface water samples below City Outfall 22B at WR-03 are 
questionable due to lack of reproducibility in sediment and surface water samples, the lack of 
detection in City Outfall 22B non-stormwater samples, and the overall low frequency of OPI 
detections.   

8.8.6 Summary of Transport Pathways 
OPIs are not constituents of concern for the RP RI.  The isolated detections of OPIs (20 out of 11,637 
results), primarily limited to soil in the IA and LADD area, indicate that these constituents readily 
degrade and are not transported from the RP property along any of the transport pathways described 
in Section 7.0. 

8.9 PCDDS/PCDFS 

8.9.1 Introduction 
PCDDs/PCDFs are ubiquitous in environmental media worldwide from a variety of both natural (e.g., 
ball clay, forest fires) and anthropogenic sources (EPA, 2003a).  In the RP property vicinity, the 
presence of PCDDs/PCDFs in environmental media is a result of contribution from a number of 
sources that include inadvertent production as part of the chlorinated phenol chemistry conducted for 
the manufacture of herbicides, operation of furnaces and boilers on a number of neighboring 
properties (including combustion of PCB-containing fuel oils), historical chloralkali manufacturing 
processes, placement of dredge spoils from the River for land-filling, secondary lead smelting, lead 
cable sweating, auto-shredder fluff disposal, atmospheric deposition concentrated in stormwater run-
off,  and extensive continued generation of PCDDs/PCDFs from gasoline/diesel engines and industrial 
wood combustion (Cleverly et al., 1997).  Additional information on sources of PCDDs/PCDFs to 
environmental media in the RP property vicinity is provided in Section 8.9.4, and in Section 3 and 
Appendix L.  
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Distribution of PCDDs/PCDFs in environmental media in the area is controlled by the physical site 
setting, the physical and chemical properties of PCDDs/PCDFs as they relate to environmental fate 
and transport, and the nature and location of historical releases from RP operations, operations on 
neighboring properties, and urban background.  Understanding and integrating these factors provides 
the basis for the CSM for the fate and transport of PCDDs/PCDFs.   

Confirming the presence of PCDDs/PCDFs is highly dependent on laboratory methods and QC 
practices employed.  Standard EPA methods can be subject to interference from laboratory or field 
contamination, or from non-PCDD/PCDF compounds that coelute with target PCDDs/PCDFs and 
share common ions.  These interferences can result in unreliably determined concentrations or false 
positive analytical results.  Since implementation of additional QC protocols in 2007 and 2008, the 
incidence of suspected false positive results that appear to be associated with random, sporadic lab 
or field blank contribution (as discussed below) has been nearly eliminated.    

In addition, the specific congeners present in a sample analyzed for PCDDs/PCDFs are important to 
understanding the source and distribution of the compounds.  Homolog concentrations may not be 
usable for source differentiation, and may lead to erroneous conclusions concerning sources and 
distribution, because homologs include both 2,3,7,8-substituted and non-2,3,7,8-substituted 
congeners, and can be subject to interference from non-PCDD/PCDF constituents. 

PCDD/PCDF data collected for the RP RI indicate sources related to historical RP manufacturing 
processes, as well as a number of other non-RP-related sources.  There is also a generalized 
anthropogenic background distribution of PCDDs/PCDFs across the entire RP property and vicinity.  
Areas with PCDDs/PCDFs related to specific sources tend to have higher concentrations of 
PCDDs/PCDFs than the areas that are affected by anthropogenic background.  In addition, 
PCDDs/PCDFs associated with RP source areas tend to have congener patterns that include a broad 
range of PCDD and PCDF congeners, but are dominated by 2,3,7,8-TCDD, OCDD, and to a lesser 
degree OCDF.  While there is some variability in relative concentrations of other PCDD/PCDF 
congeners, they are generally present at distinctly lower concentrations than the three principal 
congeners. 

The data also indicate that PCDDs/PCDFs related to RP remain localized in soil and groundwater in 
the immediate vicinity of historical releases.  Limited vertical transport of PCDDs/PCDFs in 
groundwater may have occurred at the time of initial release.  Higher concentrations of 
PCDDs/PCDFs in identifiable release areas, rapid drop off in concentration with distance from these 
areas, and comparison of specific congeners present in samples indicate that there is not ongoing 
transport of PCDDs/PCDFs away from historical release areas.  This lack of transport is consistent 
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with the physicochemical properties of PCDDs/PCDFs and the hydrogeochemical conditions in the 
RP property vicinity.  Some of the factors that retard or eliminate transport include: 

1.  The geochemical conditions at the RP property and vicinity favor the formation of iron 
precipitates that bind to the PCDDs/PCDFs,  and agglomerate to form particles too large 
to move in the groundwater system; 

2.  The  high organic content of the soils at the RP property and presence of NAPL also help 
to preclude transport of PCDDs/PCDFs away from source areas; and  

3.  There is no complete transport pathway by which soils on the RP property that contain 
PCDDs/PCDFs related to RP operations can be transported away from the RP property, 
as stormwater is collected and treated, and untreated stormwater does not leave the RP 
property. 

It is evident from the literature and the observed PCDD/PCDF distribution that PCDDs/PCDFs in 
environmental media at the RP property and vicinity are related to multiple sources and not only to RP 
operations.  Data from other sites, where available, were used to understand the nature and extent of 
PCDDs/PCDFs in the RP property and vicinity.  However, most properties in the vicinity of the RP 
property have not completed remedial investigations or fully investigated or analyzed for 
PCDDs/PCDFs, even though operations that are known sources of PCDDs/PCDFs (furnaces, boilers, 
or other likely PCDD/PCDF sources) were conducted on these properties.  This lack of data makes it 
difficult to fully evaluate the distribution and sources of PCDDs/PCDFs on non-RP properties in the 
RP property vicinity. 

8.9.2 Physical Properties/Environmental Fate 
The following summarizes the physical properties and environmental fate of PCDDs and PCDFs.  The 
available literature on this subject is extensive, and more detailed information can be found in the 
references to this section (see especially CALEPA, 1994; EPA, 1980; EPA, 2003a; and Ecology, 
2008). 

PCDDs/PCDFs, collectively known as dioxins, are a class of polyhalogenated organic compounds 
with similar chemical structures and similar physical and chemical properties.  There are a total of 210 
individual PCDD and PCDF congeners, each containing between 1 and 8 chlorine atoms.  Only 
congeners with chlorine atoms located at the 2, 3, 7, and 8 positions, which include 7 PCDDs and 10 
PCDFs, are regulated.  Pure PCDDs/PCDFs are white or colorless solids or crystals that are nearly 
insoluble in water and have extremely low vapor pressures.  PCDDs/PCDFs are resistant to 
degradation under most environmental conditions and tend to persist in the environment, although 
many studies have found evidence of slow degradation of PCDDs/PCDFs in all environmental media.   
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Fate and transport of PCDDs/PCDFs in the subsurface are largely controlled by the high degree of 
solubility in many organic solvents.  This limits or prevents their transport away from areas on the RP 
property where NAPL is present because the PCDDs/PCDFs remain dissolved in the NAPL.  PCDDs 
and PCDFs in contact with soil will partition to organic matter and other nonpolar surfaces in the soil in 
a nearly irreversible manner, thus also limiting or eliminating their mobility in the groundwater system.  
Limited transport of PCDDs/PCDFs in groundwater may occur from physical processes that transport 
soil particles, but conditions at the RP property and vicinity favor formation and agglomeration of iron 
precipitates that settle out or otherwise become trapped in the formation, thus precluding further 
transport.   

PCDDs/PCDFs adsorbed on airborne particulates may be transported long distances in the 
atmosphere before being deposited on surface water, soil, or vegetation.  A large body of literature 
shows airborne transport of dioxins related to combustion sources and historical pentachlorophenol 
use are major sources of PCDD/PCDF loading to environmental media in urban areas (Cleverly et al., 
1997; Ecology, 2009; EPA, 2003a).     

As discussed below, the RI dataset shows that PCDDs/PCDFs present on the RP property from 
historical operations are localized in or near known source areas, and are not subject to ongoing 
transport away from those areas.  Additional information related to sources of PCDDs/PCDFs in the 
vicinity of the RP property is presented in Section 3 and Appendix L. 

8.9.3 Data 
8.9.3.1 Data Sets 

Soil, sediment, groundwater, surface water, stormwater, biota, and NAPL at the RP property and 
vicinity were sampled and analyzed for PCDDs/PCDFs as summarized below.  A total of 1,436 
samples, including field duplicates, have been analyzed. 

PCDD/PCDF analytical results are presented in Appendix C, in tables, and in Appendix F, in 
distribution figures, as indicated below. 

● Soil:  Table C1-9; Figures F-0208 to F-0213 

● Groundwater:  Table C3-9; Figures F-0592 to F-0599 

● Groundwater (from borings); Table C2-6; Figures F-0798 to F-0799 

● Sediment:  Table C7-8; Figures F-1070 to F-1071 

● Surface water:  Table C5-8; Figures F-0947 to F-0948 
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● Biota:  Table C9-4 

● Stormwater and non-stormwater:  Table C8-8; Figures F-1158 to F-1159 

● Storm sewer cleanout samples: Table C10-8; Figures F-1158 to F-1159 

● NAPL:  Table C4-7; Figures F-0878 to F-0879 

The RI portion of the RI/SCE Report discusses all PCDD/PCDF results except for groundwater data 
from near-River wells (monitoring well clusters RP-07, RP-11, RP 12, RP-13, and RP-14) collected 
prior to 2007.  The near-River groundwater data set has been restricted to data generated since 2007 
because only these analyses underwent the QC practices necessary to minimize or eliminate false 
positive results (Section 8.9.3.2).  The majority of near-River groundwater samples were collected 
between 2007 and 2010.  The data set for groundwater is sufficiently robust for full evaluation of the 
nature and extent of PCDDs/PCDFs.  

8.9.3.2 Data Usability 

Extensive efforts were made to evaluate the nature and extent of PCDDs/PCDFs in environmental 
media at the RP property and vicinity through widespread sampling over time and use of appropriate 
analytical and scientific evaluation methods.  This effort included collection of data for assessment of 
PCDDs/PCDFs at very low-level concentrations in samples located at distance from source areas.  
The investigations show sporadic low-level detections that are not reproducible between monitoring 
events.  All PCDD/PCDF results, especially the low-level detections, were evaluated to determine if 
the data were appropriate to use.  This evaluation considered the following factors: 

1.  Whether detected results were at concentrations that are low in comparison to laboratory 
estimated detection limits (EDLs) or method-defined minimum levels (MLs); 

2.  Which analytical method was used (e.g., Method 8280 versus 1613B or 8290) because 
EPA Method 8280 has been shown to have documented interferences and does not 
require second column confirmation for 2,3,7,8-TCDF; and   

3.  Whether second column confirmation was employed to eliminate the qualitative and 
quantitative interferences in determination of 2,3,7,8-TCDD. 

The extensive effort expended on evaluation of data usability for PCDDs/PCDFs was necessary due 
to the extraordinarily low SLV concentrations for this constituent class.  These SLV concentrations lie 
in a range below the detection capabilities of the analytical methods, and the low-level results being 
compared to the SLVs are subject to a high degree of uncertainty and influence from false positive 
results.  The effect of each factor on understanding the PCDD/PCDF results and a summary of QC 
practices implemented to minimize or eliminate the interferences is discussed below.  
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False positives may occur because of the sporadic presence of laboratory or field introduced 
contamination not identifiable through use of laboratory or field blanks, even using high resolution 
mass spectrometric (HRMS) techniques.  These false positives are the result of random laboratory or 
field contamination and, therefore, are not detectable using standard field blank or laboratory blank 
analyses, which are only capable of detecting systematic bias.  More detailed discussion of these 
false positives is provided in (AMEC, 2009t).   

Low Detection Levels and Method Blanks 

This type of false positive is of critical concern with regard to the RP property and vicinity because 
regulatory decisions are being evaluated based on extraordinarily low concentrations compared to 
analytical capabilities.  In this instance, sporadic false positives from blank contribution can present a 
misleading picture of the nature and extent of PCDDs/PCDFs in environmental media.  To help 
minimize or eliminate this type of false positive result, StarLink has: 

1.  Increased attention to eliminating sources of field contamination introduced during 
decontamination of sampling equipment;  

2.  Requested contract laboratories to improve attention to potential sources of lab-
generated contamination of samples and extracts; and 

3.  Collected sufficient sample volume to allow reanalysis by the primary laboratory and a 
second independent laboratory in order to verify or refute suspect results. 

Implementation of these QC protocols in 2007 and 2008 has nearly eliminated the incidence of 
suspected false positive results associated with random, sporadic blank contamination.  

False positive results have also been identified in the RP data set due to the presence of interfering 
substances.  The interfering substances coelute with target PCDD/PCDF congeners on the primary 
chromatography column and produce mass fragments that meet identification criteria for target 
PCDDs/PCDFs and produce false positive results for those congeners.  These false positive results 
may occur even when using HRMS techniques.  There are two types of situations where this type of 
interference has been identified. 

Analytical Method Selection and Presence of Analytical Interferences 

The first situation involves the use EPA Method 8280.  Method 8280 is a low resolution mass 
spectrometric method that is intended for analysis of high concentration waste samples, where high 
analyte selectivity is not a primary data quality objective.  The use of low resolution mass 
spectrometry (LRMS) means that the method lacks the capability to definitively distinguish 2,3,7,8-
substituted PCDD/PCDF congeners from other constituents that yield ions of similar mass in the mass 
selective detector.  Because EPA Method 8280 is intended for analysis of high concentration waste 



 

AMEC Earth & Environmental, Inc. 
348 Project No.:  0-61M-107030/Phase 0104/T6 
 K:\10000\10700\10703\0100 RI-FS-ROD\0104 RI Report\Draft RI\RI-SCE Report.Docx 

samples, the method also does not require that sample extracts be analyzed on a second column of 
dissimilar polarity to confirm the presence and concentration of 2,3,7,8-TCDF that may be detected on 
the primary chromatography column.  Second column confirmation is not performed despite extensive 
documentation of the need for a confirmatory analysis, and the requirement in both EPA Method 8280 
and 8290 for second column confirmation of 2,3,7,8-TCDF. 

The use of LRMS and lack of second column confirmation of 2,3,7,8-TCDF make data generated 
using EPA Method 8280 largely unusable for source differentiation, and tend to result in a high bias in 
calculated TEQ.  In nearly every case where Method 8280 was used to analyze samples from the RP 
property and vicinity, 2,3,7,8-TCDF was detected at high concentrations relative to other 2,3,7,8-
substituted congeners.  Where samples were analyzed by both Method 8280 and Method 8290 or 
1613B, the 2,3,7,8-TCDF results were substantially reduced or eliminated by use of the HRMS 
method with second column confirmation (Table 8-F).  In many cases, the concentration of one or 
more other congeners was substantially different in the HRMS analysis as well, indicating the possible 
presence of multiple interferences in the LRMS method. 

The second situation where presence of interfering substances has been confirmed involves false 
positive detections of 2,3,7,8-TCDD in some samples analyzed using HRMS methods.  This situation 
was identified when 2,3,7,8-TCDD continued to be detected in monitoring wells that were inconsistent 
with the CSM, despite implementation of procedures to reduce or eliminate blank contribution. 

The potential for interferences in analysis of 2,3,7,8-TCDD, even using HRMS, is well documented 
(EPA, 1994b, EPA, 1998, Van Bavel, et al., 1998).  In light of this condition, StarLink requested that 
sample extracts showing detection of 2,3,7,8-TCDD on the primary analytical column be reanalyzed 
using a more polar chromatography column.  Reanalysis of sample extracts with positive 2,3,7,8-
TCDD results on the confirmatory columns showed that: 

1.  In many cases, reanalysis using the more polar column detected no 2,3,7,8-TCDD, 
although the isotopically-labeled internal standards were all recovered within acceptable 
limits.  This demonstrated that the apparent detection of 2,3,7,8-TCDD on the primary 
chromatography column was a false positive result, and that 2,3,7,8-TCDD was not 
present in the sample;    

2.  In other cases, reanalysis on the more polar confirmatory column verified the presence of 
2,3,7,8-TCDD, but at lower concentrations than had been detected on the primary 
column; and, 

3.  In a minority of cases, the presence and concentration of 2,3,7,8-TCDD was confirmed 
by reanalysis on the confirmatory column.  
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After verifying the presence of interfering substances in determination of 2,3,7,8-TCDD in 2008, 
StarLink required second column confirmation of all apparent 2,3,7,8-TCDD detections by reanalysis 
of the extract on a more polar column.  This additional QC procedure has verified the presence of 
2,3,7,8-TCDD in samples where its presence is consistent with the CSM for PCDD/PCDF nature and 
extent (Table 8-G), and has demonstrated the presence of interfering substances in samples where 
the presence of 2,3,7,8-TCDD is not consistent with the CSM for PCDDs/PCDFs. 

As discussed above, additional QC practices exceeding the requirements of EPA Methods 1613B and 
8290 were implemented during 2007 and 2008 to minimize or eliminate interferences and improve 
data quality.  These additional QC practices include: 

Summary of Additional More Rigorous QC Protocols Implemented to Alleviate False Positives 
from Interfering Compounds 

1.  Increased communication with the contract laboratories in an attempt to foster 
improvements in their attention to potential sources of lab-generated contamination of 
samples and extracts with target PCDDs/PCDFs; 

2.  Collection of additional sample volume to allow reanalysis of samples with unexpected 
detections of PCDDs/PCDFs by both the primary lab and a second independent lab in 
order to verify or refute the suspect results; and 

3.  Reanalysis of extracts with detectable concentrations of 2,3,7,8-TCDD using a second 
dissimilar (more polar) gas chromatography column to verify whether the initial detection 
was real or the result of the presence of an interfering substance. 

Implementation of these additional QC measures has lead to a substantial reduction in the number of 
low-level detections of PCDDs/PCDFs that were inconsistent with the sources and expected 
distribution of PCDDs/PCDFs at the RP property and vicinity.  Low concentration dioxin data collected 
before 2007 is highly suspect and uncertain because of the analytical issues discussed above.  The 
extent of false positive results in the earlier data cannot be determined, and the earlier data in some 
areas is inconsistent with data generated using the more rigorous updated QC protocols.  This is 
further discussed in Section 11. 

PCDD/PCDF data collected by third parties was evaluated if available.  However, the amount of 
PCDD/PCDF data for other neighboring properties is limited, and the results were generated without 
the QC practices required to ensure reliable data.   

Data Not Collected by StarLink 
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8.9.4 Sources of PCDDs/PCDFs in the RP Property Vicinity 
A variety of sources contributed PCDDs/PCDFs to environmental media in the RP property vicinity 
(Section 3 and Appendix L).  These sources include:  

1.  Historical chlorinated phenol processes in the former RP manufacturing area;   

2.  Historical operations at the NL/Gould Site that would generate PCDD/PCDF from 
secondary lead battery smelting, sweating of cable wrapped in either plastic or PCB-
coated paper for lead and copper recovery, or likely burning of plastic battery casings;  

3.  Historical auto fluff processing operations on the Schnitzer property; 

4.  Historical operations at the Arkema facility; 

5.  Widespread use of pentachlorophenol-treated wood products;  

6.  Placement of River dredge materials containing PCDDs/PCDFs likely taken from in front 
of the Willamette Cove, McCormick and Baxter, Siltronic, and Arkema sites; 

7.  Various other miscellaneous sources including exhaust from diesel powered trucks and 
railroad locomotives, and use of industrial boilers or furnaces on multiple properties in 
the vicinity of the RP property; and 

8.  Anthropogenic urban background contributions of PCDDs/PCDFs, as documented in 
multiple literature sources (Ecology, 2009; Ecology 2010; EPA, 1980; EPA, 2003a). 

The contribution from these various sources is evident in the concentration and congener patterns 
present in environmental media.  Additional information relevant to differentiating contributions from 
these various sources is discussed below.  Evaluation of the sources and nature and extent of 
PCDDs/PCDFs in environmental media at RP vicinity properties is hampered because many nearby 
sites either have not completed a remedial investigation or have not included analysis of samples for 
PCDDs/PCDFs despite the likely presence of PCDDs/PCDFs. 

8.9.5 Nature and Extent of PCDDs/PCDFs in Environmental Media at the RP Property 
Vicinity 

PCDDs/PCDFs are ubiquitous in the environment (Podoll et al., 1986).  The RP data set documents 
the widespread presence of PCDD/PCDF concentrations and congener patterns consistent with urban 
background, with certain areas showing influence from localized sources.  PCDDs/PCDFs associated 
with operations at the RP property are localized.  PCDDs/PCDFs remain close to release source 
areas, and within the footprint of former Doane Lake because of the inherent immobility of these 
compounds.  RP-associated PCDDs/PCDFs are also readily distinguished from PCDDs/PCDFs 
related to other sources by differences in congener profile.  The congener profile for RP-related 
PCDDs/PCDFs includes a wide range of 2,3,7,8-substituted congeners, but is generally dominated by 
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2,3,7,8-TCDD, with OCDD or OCDF being the next most prevalent congeners.  This pattern 
represents a reliable signature for areas affected by RP materials and a means to identify areas 
where other sources of PCDDs/PCDFs are present.   

The following sections discuss the nature and extent of anthropogenic PCDDs/PCDFs followed by a 
discussion of RP and other sources.    

8.9.5.1 Anthropogenic Background 

Sources of anthropogenic background levels include a wide variety of combustion sources and the 
widespread use of pentachlorophenol as a preservative and biocide (Cleverly et al., 1997; EPA, 
2003a).  Approximately 92% of the releases enter the atmosphere from combustion sources.  Studies 
of atmospheric emissions compared to air deposition indicate that deposition rates are approximately 
a factor of 10 times higher than local emission rates (Kao and Venkataraman, 1995).  

Evaluation of the nature and extent of PCDDs/PCDFs at the RP property vicinity must consider the 
role of global, regional, and local anthropogenic background levels because: 

1.  The RP property vicinity has a long industrial history with many sources of 
PCDDs/PCDFs, including multiple industrial furnaces, burners, and boilers; 

2.  Beyond the immediate vicinity of known release areas, the detected concentrations of 
PCDDs/PCDFs are frequently below documented anthropogenic background levels for 
industrial areas.  In these areas PCDD/PCDF concentrations are predominately low and 
there is no uniform distribution, no identifiable gradient concentration relative to a release 
area, and the congener patterns suggest either combustion or pentachlorophenol-related 
sources;   

3.  Regulatory decisions are being evaluated based on concentrations below both 
anthropogenic background concentrations and analytical detection limits even using 
HRMS techniques like EPA Method 1613B; and 

4.  Concentrations consistent with anthropogenic background are in a range associated with 
higher analytical uncertainty.  Sporadic detections that are not confirmed by multiple 
rounds of sampling and similar results for nearby samples may not be representative of 
actual conditions and represent false positives. 

In general, PCDDs/PCDFs related to anthropogenic background can be distinguished from 
PCDDs/PCDFs related to specific sources for the following reasons: 

1. Presence of specific source areas can be identified when concentration differences from 
generalized anthropogenic are significant; and 
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2. Specific sources can be identified by an associated congener pattern if sufficient quality 
data are available, and the pattern is reproducible.   

Reported background concentrations of PCDDs/PCDFs in industrial and urban areas vary greatly 
because of the variation in the nature of sources in different areas, and different definitions for land 
use employed in the studies.  However,  many studies reference anthropogenic background 
concentrations in urban and industrial areas in the range of 2.00E-05 mg/kg TEQ (see for example 
EPA, 2003a; Ecology, 2009; Ecology, 2010), and sometimes higher depending on local nonpoint 
sources. 

There are three general patterns of relative concentrations of individual 2,3,7,8-substituted 
PCDD/PCDF congeners present in anthropogenic background.  

● In the first pattern, OCDD is the dominant congener present, along with lesser amounts of 
HxCDD, HpCDD, and sometimes HxCDF, HpCDF and OCDF.  This pattern is often 
considered to represent a pentachlorophenol source.  

● In the second pattern, OCDD is the dominant congener, along with lesser, but variable, 
contributions from most or all of the other 2,3,7,8-substituted congeners.  This pattern 
represents PCDD/PCDF contributions from a variety of combustion sources. 

● In the third pattern, only OCDD is detected.  This pattern has been described as 
representing a generalized global background of PCDDs/PCDFs, and has been identified 
in both urban and rural settings.  

These patterns are well documented in the literature (EPA, 2003a; Cleverly et al., 1997) and provide 
the primary mechanism to differentiate background contributions from local, site-specific sources.  
Site-specific sources are distinguished by evaluating PCDD/PCDF congeners in individual samples 
for patterns that differ from the surrounding areas and comparing the observed patterns to the site-
specific operational history.  For example, evaluation of PCDD/PCDF congener patterns in soils 
collected from the RP and vicinity properties show that many areas are affected by relatively low 
concentrations of PCDDs/PCDFs related to anthropogenic background and various local combustion 
sources, and that PCDDs/PCDFs related to historical manufacturing processes and waste 
management practices are localized to known release areas. 

8.9.5.2 Source Area Soils 

This section discusses the nature and extent of PCDD/PCDF source areas NAPL and soils in the RP 
HA and the LADD.  A background concentration of 1.70E-05 mg/kg TEQ, similar to the 1.80E-05 
mg/kg TEQ value of the RSL, represents a concentration that “would likely be within or possibly below 
background concentrations of dioxins in US Soils” (EPA, 2009d).  In the same document, EPA 
proposed an interim preliminary remediation goal (PRG) of 9.50E-04 mg/kg TEQ as being protective 
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of human health and generally “higher than typical background levels” for most industrial soils.  
Comparison of soil concentrations at the RP property to the 9.50E-04 mg/kg TEQ draft interim PRG 
shows that soil samples that exceed this level are entirely localized to a few locations in the RP 
manufacturing area and the LADD.  Further, TEQ concentrations in the majority of samples collected 
from these areas do not even exceed this draft PRG level. 

Samples analyzed for PCDDs/PCDFs in NAPL were collected from NAPL area monitoring wells in the 
HA and the southern end of WDL and are shown on Figure 4-F.  Soil sample locations and 2,3,7,8-
TCDD results are presented on Figures 4-A and 4-B and Figures F-208 through F-210 of Appendix F.  
PCDD/PCDF results for soil are presented in Table C1-9 of Appendix C.  PCDD/PCDF congeners 
were detected in nearly all soil samples collected as part of the RP RI.  The relative concentrations of 
congeners detected in these samples suggest contributions of PCDDs/PCDFs from multiple sources 
outside of RP source areas. 

In reviewing the figures discussed above showing PCDD/PCDF sample locations and results, it is 
important to consider that: 

● Only data collected for the RP RI effort are included, and the extremely limited data 
available from other sites are not included;   

● Many sites in the vicinity of the RP property have not completed or have not been required 
to complete RIs; and 

● Third parties in the vicinity of the RP property have not uniformly been required to include 
PCDDs/PCDFs in the analytical suites. 

The limited investigation of likely PCDD/PCDF sources at other sites in areas adjacent to the RP 
property limits the ability to fully evaluate PCDD/PCDF distributions and sources in the vicinity of the 
RP property.  However, the data is adequate to evaluate the nature and extent of PCDDs/PCDFs 
attributable to the RP property.  The data shows that PCDDs/PCDFs related to the RP property are 
localized and that there is limited transport from release areas. 

NAPL associated with the RP property provides information on the potential PCDDs/PCDFs present 
that are specific to RP processes.  

NAPL 

NAPL from the HA and LADD is generally dominated by 2,3,7,8-TCDD, with either OCDD or OCDF 
being the next most prevalent congener, and with most other 2,3,7,8-substituted PCDD/PCDF 
congeners present but at much lesser concentrations.  This general pattern of congener 
concentrations is indicative of an RP source and represents a reliable signature for areas affected by 
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those materials and a means to identify areas where other sources of PCDDs/PCDFs are present.  
The PCDD/PCDF composition in NAPL varies slightly for each well:  

● NAPL samples collected In 2000 and 2003 from MW-08-27, for which reliable congener 
concentrations are available (i.e., analyses not performed by EPA Method 8280 or 613, 
and interferences in analyses performed by EPA Method 8290 or EPA Method 1613), 
indicated a 2,3,7,8-TCDD  concentration about twice that of OCDD and between 5 and 20 
times greater than other 2,3,7,8-substituted PCDDs.  This PCDD congener distribution is 
consistent with the expected signature for RP source areas. 

● NAPL from MW-08-46 and P-07 have congener patterns that closely resemble the 
congener pattern from the NAPL sample collected from MW-08-27 in December 2000, and 
are also dominated by 2,3,7,8-TCDD, followed by OCDD and OCDF. 

● NAPL from RP-04-41 has a pattern of detected congener concentrations that is distinctly 
higher in 2,3,7,8-TCDD when compared to the other ten NAPL samples analyzed at the 
RP property and vicinity.  This specific pattern is also found in soil samples from the LADD.   

As stated above, this generalized pattern of higher relative concentrations of 2,3,7,8-TCDD, OCDD, 
OCDF, and HpCDD/Fs, with lesser concentrations of most other 2,3,7,8-substituted congeners 
differentiates PCDDs/PCDFs related to RP operations from other PCDD/PCDF sources in the RP 
property vicinity.  

PCDD/PCDF congeners were detected in all samples collected from the HA.  Sample depths ranged 
from 0 to 31.5 feet bgs.  The highest concentrations of PCDD/PCDF congeners were observed in 
samples collected in the immediate vicinity of known process and waste management areas in the 
HA.  The presence of these compounds is consistent with the physical and chemical properties and 
transport behavior of these compounds.  However, almost half of HA soil samples analyzed (34 of 70 
samples) either had undetectable 2,3,7,8-TCDD concentrations or TEQ concentrations below the RSL 
of 1.8.E-08 mg/kg. 

HA Soils  

Samples with PCDD/PCDF concentrations that exceed the RSL generally have 2,3,7,8-TCDD 
concentrations greater than individual concentrations of other congeners, consistent with the pattern 
discussed for the NAPL area and IA.  2,3,7,8-TCDD is the largest contributor to the TEQ in those 
samples.  2,3,7,8-TCDD was detected in multiple locations across the HA at concentrations ranging 
from 4.10E-07 mg/kg at HA-06 (1 to 3 feet bgs) to a maximum of 0.088 mg/kg on the surface at HE-
15. 

In samples with concentrations that do not exceed the RSL, however, the concentrations of individual 
detected congeners are typically near the sample-specific detection limit.  The specific congeners 
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detected are often consistent with urban background or combustion sources, and are generally 
inconsistent with the chlorinated phenol-based processes used at the RP property.  

PCDD/PCDF congeners were detected in most samples collected within or near the current alignment 
of the LADD.  The greatest concentrations were detected in soil samples collected within the LADD.  
The congener with the greatest concentrations was 2,3,7,8-TCDD, with concentrations ranging from 
7.00E-05 mg/kg (LADD-104; 0 to 1 feet bgs) to 0.045 mg/kg (LADD-103; 1 to 5 feet bgs).  The 
concentrations are consistent with the RP conceptual model for these compounds. 

LADD Soils  

The lowest detected PCDD/PCDF concentrations in the LADD were encountered at LADD-104, but 
subsurface samples from this location did not contain detectable concentrations of 2,3,7,8-TCDD.  
This illustrates the relatively low mobility of PCDDs/PCDFs in environmental media at the RP 
property.  The LADD-104 sampling location is located at the farthest distance from the RP 
manufacturing area and historical discharges to the LADD.  The increase in concentrations in the 
LADD closer to the manufacturing area shows that even during RP operations, the distance that 
PCDDs/PCDFs traveled from their original point of release was limited. 

PCDD/PCDF data for soil samples from the LADD show that 2,3,7,8-TCDD, HpCDD, and OCDD 
congeners are present at greater concentrations than other congeners.  Surface soils collected in the 
LADD typically have HpCDD and OCDD concentrations that exceed the associated 2,3,7,8-TCDD 
concentration, while subsurface soils have higher concentrations of 2,3,7,8-TCDD with much lower 
concentrations of HpCDD and OCDD.  This pattern is consistent with ongoing deposition of 
PCDDs/PCDFs in the LADD from non-RP sources after termination of RP-related discharges, 
including non-RP sources such as pentachlorophenol use and generalized urban background.  This 
same pattern of dominant HpCDD and OCDD congeners in surface soils and not in subsurface soils 
is also found in the northwestern portion of the RP property.  This suggests that: 1) there is a non-RP 
source to the LADD, 2) there is not a current contribution to the LADD from RP areas, and 3) runoff 
from BNSF property and Highway 30 may be the source of PCDDs/PCDFs in LADD surface soils.  

8.9.5.3 Non Source Area Soils 

Samples for PCDD/PCDF analysis were collected from the IA.  Detections of PCDD/PCDF congeners 
in soils collected in  the IA are generally one to two orders of magnitude lower than the concentrations 
detected in the HA and LADD.  Detections of 2,3,7,8-TCDD were limited to samples collected from the 
ground surface to 3 feet bgs, with the exception of one sample collected from 6 to 7 feet bgs at IA-10.  

IA Soils 
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The observed concentrations of 2,3,7,8-TCDD in the IA are consistent with the RP conceptual model 
for these compounds.  

Those IA samples with PCDD/PCDF concentrations that exceed the RSL tend to have 2,3,7,8-TCDD 
concentrations greater than individual concentrations of other congeners, and consistent with the 
NAPL pattern.  Concentrations of PCDDs/PCDFs that exceed the RSL are generally limited to surface 
samples collected on the northeastern side of the IA, and near the HA and associated manufacturing 
and waste management areas.  The congener distribution in these samples is consistent with RP-
related PCDDs/PCDFs.    

More than half the soil samples from the IA have PCDD/PCDF concentrations less than the RSL.  IA 
samples with PCDD/PCDF concentrations that are less than the RSL exhibit individual congener 
concentrations near the detection limit.  The profile of detected congeners in these samples is 
inconsistent with any particular source.  This may indicate contribution from laboratory or field 
contamination. 

Evaluation of the PCDD/PCDF data for the IA is complicated because of laboratory-identified matrix 
interference that affects the PCDD/PCDF analysis.  As an example, the greatest concentrations of 
PCDD/PCDF congeners in the data set for the IA were detected in the surface sample collected at IA-
205.  This sample was initially analyzed by EPA Method 8290, which uses high-resolution mass 
spectrometry and rigorous cleanup procedures to minimize interferences; however, the laboratory was 
unable to report results for 2,3,7,8-TCDD, 1,2,3,7,8-PeCDD, 2,3,7,8-TCDF, 1,2,3,7,8-PeCDF, and 
2,3,4,7,8-PeCDF due to high levels of matrix interference.  The sample was reanalyzed using EPA 
Method 8280A, which uses low-resolution mass spectroscopy and less rigorous cleanup procedures 
than EPA Method 8290, in an effort to overcome the interference with the 8290 analysis.  Most of the 
detected PCDD/PCDF congener concentrations from the 8280A analysis were much higher than the 
concentrations from the original 8290 analysis   The higher concentrations from the 8280A analysis 
may be artifacts of either the low-resolution mass spectrometer analysis, or the less rigorous cleanup 
procedures required by EPA Method 8280A, and as a result the analytical results are not likely 
representative of the true PCDD/PCDF concentrations present in IA-205.  Similar interferences were 
reported in the Method 8290 analysis of surface sample from IA-02 and IA-208, and it is unclear 
whether and to what degree these interferences may have been present in other samples from the IA 
or other areas of the RP property.  Uncertainties regarding these interferences and the actual 
distribution of PCDDs/PCDFs in the IA may need to be further evaluated as part of the FS or remedial 
design (RD) processes for the RP property.  The data set for the IA, however, is sufficient for the RI 
as long as these uncertainties are recognized.  Additional data collection using updated QC practices 
as part of FS or RD/remedial action (RA) activities could help minimize uncertainties. 
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PCDD/PCDF congeners were detected in most soil samples from the NPA.  Detections of 
PCDDs/PCDFs in the NPA soil are generally one to two orders of magnitude less than those in the 
LADD and HA.  More than half of the samples collected and analyzed for PCDDs/PCDFs had 
concentrations less than the RSL.  Both the congeners present and the relative concentrations of 
those congeners suggest that the PCDDs/PCDFs present in the NPA are associated with multiple 
sources and not operations at the RP property.  PCDDs/PCDFs associated with operations at the RP 
property are localized.  PCDDs/PCDFs remain close to release source areas, and within the footprint 
of former Doane Lake because of the inherent immobility of these compounds. 

Former Doane Lake Area Soils 

Samples with the highest 2,3,7,8-TCDD concentrations were largely located in the portion of the NPA 
closest to the former RP manufacturing area (e.g., LA-08) and the LADD (e.g., LA-12, NB-19 
[collected below water table], NB-20 [collected below water table], TP-Q), as well as former WDL 
sediments from areas near the LADD.  This limited distribution of higher 2,3,7,8-TCDD concentrations 
shows the low mobility of PCDDs/PCDFs, and the tendency of PCDDs/PCDFs that may have been 
released from the RP manufacturing area to remain close to the point of release.  

Detected congener profiles from samples located throughout the rest of the NPA show contributions 
from multiple sources, likely including secondary lead smelting activities at NL/Gould (baghouse dust 
is known to have been dumped in former Doane Lake).  Secondary lead smelting is recognized by 
EPA as a major source of PCDDs/PCDFs to the environment (EPA, 2003a).   

Piezometer PZ-03-40W (Figure 4-F) is located within a known area of MGP waste from Gasco 
operations on the Siltronic and BNSF properties.  There is no evidence of any source materials 
related to manufacturing processes from the RP property in this area and it is located a considerable 
distance from the RP manufacturing area.  The congener profile for the sample collected from PZ-03-
40 is distinct from the congener profiles from NAPL samples collected near the RP release areas.  
2,3,7,8 TCDD was not detected at PZ-03-40W.  The dominant congeners present are OCDD and 
1,2,3,4,6,7,8-HpCDD, with substantially lower concentrations of 1,2,3,4,6,7,8-HpCDF, 1,2,3,4,7,8-
HxCDD, 1,2,3,6,7,8-HxCDD, and 1,2,3,7,8,9-HxCDD.    

NDP Vicinity  

The PZ-03-40W congener signature is consistent with pentachlorophenol-related PCDDs/PCDFs, and 
may be a result of one or more of the following: 

● Pentachlorophenol use in and around the Gasco facility;  
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● Pentachlorophenol-sourced PCDDs/PCDFs deposited from the atmosphere and dissolved 
in the MGP wastes; or,  

● Contact of MGP waste with pentachlorophenol-treated materials or wastes, including 
dredged River sediments containing waste from the McCormick and Baxter facility.  

This pentachlorophenol-related PCDD/PCDF signature is found in many portions of the RP property 
distant from known RP release areas and is indicative of non-RP sources of PCDDs/PCDFs. 

HDD soil sample results show multiple sources of PCDDs/PCDFs to the HDD and its immediate 
vicinity.  The detection of PCDDs/PCDFs at various depths is consistent with the detections of other 
constituents in the HDD (see Sections 8.6 [Chlorinated Herbicides] and 8.7 [OCIs]), which suggests 
disturbance of soil at and in the immediate vicinity of the HDD.  This is consistent with the history of 
the HDD area, as described in Section 7.   

HDD Soil Samples 

One or more PCDD/PCDF congeners were detected in each of the samples collected within or near 
the HDD.  Unlike areas closer to the RP manufacturing area, no soil samples in the HDD had TEQ 
concentrations in excess of the RSL based on detection of any single congener, including 2,3,7,8-
TCDD.  In all samples with TEQ concentrations greater that the RSL, a greater proportion of the TEQ 
was contributed by HpCDD, OCDD, and PCDF congeners than by 2,3,7,8-TCDD.  This indicates 
multiple sources of PCDDs/PCDFs, and that the RP property is not the dominant source.  

In most samples from the HDD, PCDF congeners were present at concentrations an order of 
magnitude higher than 2,3,7,8-TCDD.  In some cases, such as the sample collected from HDD-210 at 
5-7 feet bgs, the TEQ exceeds the RSL based on PCDFs, HpCDD, and OCDD alone, with no 
detectable concentration of 2,3,7,8-TCDD (Table E-1 of Appendix E).  This pattern is consistent with 
beach samples and River sediment samples collected near Arkema, and suggests influence from 
historical disposal of graphite electrode wastes which are high in PCDFs, and contribution of HpCDD 
and OCDD from pentachlorophenol-based sources.  This also suggests that PCDDs/PCDFs in the 
HDD are largely related both to historical waste management practices at the Arkema Site and 
possibly to fill from dredged materials containing wastes from the McCormick and Baxter Site. 

PCDDs/PCDFs were detected in all off property soil samples collected during multiple RI and SCE 
investigations; however, most samples tested did not contain detectable concentrations of 2,3,7,8-
TCDD.  In the limited number of samples with 2,3,7,8-TCDD detections, 2,3,7,8-TCDD was not the 
congener with the largest relative concentration.  In contrast, the absence of 2,3,7,8-TCDD at higher 
relative concentration compared to other congeners indicates that the RP property is not the source of 

Non Area Specific Soils 
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the PCDDs/PCDFs detected.  The congener signatures present in the off property samples collected 
riverward of the ESCO property are more typical of pentachlorophenol use and urban background, or 
a mixture of sources that include pentachlorophenol use, nearby combustion sources, and chloralkali 
wastes with minor contributions from RP-related sources. 

In samples collected closer to the River and between the River and the ESCO Site, PCDDs/PCDFs 
were generally only detected at shallow depths.  The exception to this is a sample at 85 feet bgs from 
RP-24-85, which was collected beneath the water table and had detectable concentrations of HpCDD 
and OCDD (consistent with pentachlorophenol-related sources) and a range of PCDF congeners 
consistent with congener signatures detected in beach samples collected in front of the Arkema Site.  
These areas are influenced by chloralkali manufacturing wastes.  The detected congener pattern also 
suggests placement of dredged materials containing wastes related to McCormick and Baxter and 
Arkema as a possible source of the PCDDs/PCDFs in this sample. 

2,3,7,8-TCDD was not detected in the majority of soil samples collected on the Siltronic riverbank and 
Arkema Lots 1 and 2; 2,3,7,8-TCDD was detected in samples collected from the BNSF beach area 
(Beach-02 and Beach-03) in August 2007.  These samples were surface samples collected between 0 
and 2 feet bgs, near the discharge channel from City Outfall 22B.  However, the analytical results are 
inconsistent with samples from RP release areas.  2,3,7,8-TCDD was detected at lower 
concentrations than many other congeners.  In samples where 2,3,7,8-TCDD is detected, the TEQ 
concentration is substantially higher than the 2,3,7,8-TCDD concentration and the 2,3,7,8-TCDD 
concentration is generally less than the concentration of other 2,3,7,8-substituted congeners.  The 
large numbers of detected congeners and the low relative concentrations of 2,3,7,8-TCDD are 
representative of combustion sources mixed with pentachlorophenol use, urban and industrial 
background and influence from the Arkema Site, rather than related to former RP operations.    

The near-River sample with the single highest concentration of PCDDs/PCDFs was the sample 
collected at ARK-20, located on the beach in front of Arkema Lot 2, at a depth of 5 to 7 feet bgs.  
2,3,7,8-TCDD was not detected in this sample.  The TEQ concentration of 0.002 mg/kg is at least 10 
times higher than any other near-River sample in the RI data set (Table E-1 of Appendix E).  The 
congeners present in this sample included all the 2,3,7,8-substituted PCDF congeners, representative 
of a chloralkali manufacturing signature, mixed with OCDD, HpCDD, and trace amounts of two 
HxCDD congeners.  The PCDF congeners are present at greater concentrations than the PCDD 
congeners, and the overall signature resembles a blend of chloralkali-related PCDFs with PCDDs 
related to pentachlorophenol use or urban background.  This pattern is consistent with the Arkema 
Site serving as a primary source of PCDDs/PCDFs to the beach on a TEQ basis.  This pattern is also 
supported by the PCDD/PCDF signature in beach sediments Beach-01 (0 to 0.5 feet bgs), Beach-02 
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(0 to 0.5 feet bgs and 1.5 to 2 feet bgs), and Beach-04 (0 to 0.5 feet bgs), as well as in subsurface 
soils ARK-04 (5 to 6 feet bgs), ARK-06 (2 to 3 feet bgs), ARK-08 (12 to 13 feet bgs), ARK-12 (4 to 6 
feet bgs), and ARK-19 (4 to 6.5 feet bgs) collected on Arkema Lot 1 and Lot 2.   

PCDD/PCDF signatures resembling pentachlorophenol or urban background were detected in beach 
sediment samples Beach-03 (0 to 0.5 feet bgs and 1 to 1.5 feet bgs) and in soil samples ARK-03 (5 to 
6 feet bgs) and RP-08-107 (92 to 93 feet bgs, collected below the water table), both of which are 
located in the western portion of Arkema Lot 1.  PCDD/PCDF signatures from ARK-18 (11 to 12 feet 
bgs, collected below the water table) and ARK-20 (13 to 15 feet bgs, collected below the water table) 
were dominated by OCDD, with minor contributions from 2,3,7,8 TCDF and other furan congeners.  
The PCDD/PCDF signature in RP 08 107 (86 to 88 feet bgs, collected below the water table) is a 
collection of PCDDs without any contribution from 2,3,7,8 TCDD or OCDD.  Most of these detections 
were at concentrations below the method-specified minimum levels, and may be representative of 
field or laboratory contamination. 

8.9.5.4 Groundwater 

There is no continuous distribution of PCDDs/PCDFs in the direction of groundwater flow from the RP 
property.  However, there are areas of detected PCDDs/PCDFs in groundwater that appear to be or 
are known to be associated with localized surface activities, suggesting other sources in addition to 
sources at the RP property.  Analysis of groundwater samples show only limited and isolated 
detections of 2,3,7,8-TCDD, at locations bounded by samples in which 2,3,7,8-TCDD is not detected 
and by congener patterns indicative of non-RP sources (e.g., chloralkali waste and pentachlorophenol 
use) in samples downgradient from the RP property.  This again confirms the limited movement of 
PCDDs/PCDFs from the RP property in groundwater. 

The presence of PCDDs/PCDFs related to RP manufacturing operations in groundwater is limited to 
areas in the vicinity of known release areas, and there is no evidence to support current or historical 
transport of PCDDs/PCDFs in groundwater.  It is believed that the principal reason for the limited 
transport of these constituents is likely a series of geochemical controls operating in the soil-
groundwater system that trap PCDDs/PCDFs in precipitated iron complexes and prevent their 
movement.  These controls eliminate dissolved phase transport as the PCDDs/PCDFs partition onto 
the precipitated iron moieties, and also eliminate potential colloidal transport as the iron precipitates 
agglomerate into particles that are too large to move through the aquifer materials.   

Empirical evidence for the limited extent of PCDD/PCDF transport in groundwater from the RP 
release areas is shown by the distribution of 2,3,7,8-TCDD in groundwater.  The presence of 2,3,7,8-
TCDD as the dominant congener in a PCDD/PCDF sample result is an indication that the 
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PCDDs/PCDFs in that sample may be linked to the RP property.  There is no documented 
mechanism by which 2,3,7,8-TCDD would selectively be removed compared to other congeners 
during transport, so the presence of 2,3,7,8-TCDD represents a conservative indicator of the 
maximum likely extent of PCDDs/PCDFs related to RP operations.  In addition, the signature of 
PCDD/PCDF congeners present in groundwater samples collected beyond the spatial extent of 
2,3,7,8-TCDD detections also indicates that the PCDDs/PCDFs in those samples are from non-RP 
sources, including pentachlorophenol use and chloralkali manufacturing wastes, depending on the 
specific location of the samples.  Figures presenting the distribution of 2,3,7,8-TCDD in monitoring 
wells completed in the Artificial Fill, Fine-Grained Alluvium, Alluvial-Colluvial Gravel, Troutdale 
Formation, and CRBG are contained in Appendix F, Figures F-592 to F-595.    

The lack of adequate investigations outside of the RP investigation area leads to an incomplete and 
misleading depiction of PCDD/PCDF distribution in the vicinity of the RP property.  This lack of data 
limits the ability to fully evaluate the distribution and sources of PCDDs/PCDFs in the vicinity of the 
RP property.  PCDD/PCDF distribution depictions based on the limited available data set for RP 
vicinity sites should neither be interpreted as an indication that all PCDDs/PCDFs in groundwater are 
related to historical RP operations, nor as an indication that PCDDs/PCDFs are only present in areas 
affected by historical RP operations.   

Groundwater samples collected after July 2008 that included second column confirmation analysis for 
2,3,7,8-TCDD are considered to be the most representative of site conditions.  In the post-July 2008 
data set, 2,3,7,8-TCDD was detected a total of 62 times, with only 9 of these detections confirmed by 
second column analysis; the remaining 53 detections represent documented false positive results.  
The false positive results are treated as nondetected at the detection limit of the confirmatory analysis, 
in conformance with EPA guidance and method requirements.  2,3,7,8-TCDD was detected at three 
wells completed in the Artificial Fill (PM-05-024, RP-10-30, and W-16-S[13]), two wells completed in 
the Fine-Grained Alluvium (PM-02-091 and RP-15-53), and four wells completed in the CRBG (MW-
03-137, PM-02-122, RP-15-65, and RP-18-125).  All 2,3,7,8-TCDD detections occur in monitoring 
wells located more than 700 feet from the River, and there are multiple samples without detected 
2,3,7,8-TCDD between the wells with 2,3,7,8-TCDD detections and the River.  This indicates that 
there is not a complete groundwater pathway for PCDDs/PCDFs from the RP property to the River in 
any of the water bearing zones. 

Other PCDDs/PCDFs generally were not detected in near-River wells (monitoring well clusters RP-07, 
RP-11, RP-12, RP-13, and RP-14).  When PCDDs/PCDFs were detected in near-River wells, the 
congener patterns were indicative of pentachlorophenol-related sources, with predominantly OCDD 
and 1,2,3,4,6,7,8-HpCDD and no contribution from 2,3,7,8-TCDD.  One notable exception to this 
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pattern was the sample collected in January 2010 from monitoring well RP-14-11, which is located 
adjacent to the River on Arkema property Tract A (Figure 4-D).  All of the 2,3,7,8-substituted PCDFs 
were detected in this sample, resulting in a unique congener pattern where the total 2,3,7,8-
substituted PCDF concentration was more than 2.5 times the total 2,3,7,8-TCDD concentration.  This 
PCDF-dominated signature is consistent with a chloralkali-related graphite electrode sludge indicating 
that PCDDs/PCDFs in near-River groundwater in this area are primarily from both chloralkali plant 
activities on the Arkema property and pentachlorophenol-related sources. 

In summary, the distribution and signatures of PCDDs/PCDFs in groundwater in the RP property and 
vicinity, based on confirmed analysis of 2,3,7,8-TCDD, identifies several different sources of these 
compounds.  Detections decrease with distance from RP release areas and remain limited outside of 
the release areas.  This is consistent with the physical and chemical characteristics of PCDDs/PCDFs 
(e.g., low mobility) and the CSM.  The distribution also confirms there is no complete groundwater 
pathway from RP release areas to the River.  In addition to distribution, PCDD/PCDF congener 
patterns indicate multiple non-RP-related sources of these constituents, including pentachlorophenol 
use, chloralkali manufacturing, and battery reclamation operations at the NL/Gould Site.  The location 
of the sources other than general background is not definitive because of limited sampling in the area 
outside the RP sampling, and the lack of second column confirmation for 2,3,7,8-TCDD detections, 
which may lead to incorrect congener patterns and incorrect source attributions.   

8.9.5.5 Sediment/Surface Water/Biota 

Figures showing the distribution of 2,3,7,8-TCDD in surface water and sediment are presented in 
Appendix F (Figures F-947 and F-1070, respectively).  Detections of 2,3,7,8-TCDD  in the biota 
samples are not plotted on a figure, but the data are presented in Appendix C, Table C9-4.  Congener 
distribution and congener signature data were reviewed to determine the nature and extent of 
PCDDs/PCDFs in NDL sediment, surface water, and biota.  Distinct congener and distribution 
patterns aided in the identification of likely sources for the PCDDs/PCDFs detected in NDL.  The 
sediment data do not show a congener signature consistent with solely an RP source.  Instead the 
congener signature indicates multiple sources, including potential minor contribution from historical 
RP operations, urban runoff, pentachlorophenol-related sources, and incomplete combustion 
byproducts present in MGP waste.   

Sediment:  Thirty-five sediment samples (3 primary in 1995 and 30 primary and 2 field duplicates in 
2003) were collected from NDL for PCDD/PCDF analysis.  Samples ranged in depth from surface to 
15 feet bwsi.  One or more congeners were detected in 30 of the 32 samples.  PCDDs/PCDFs were 
not detected in NDL-106-S from 10 to 15 feet bwsi or the field duplicate collected from NDL-105-S 
from 5 to 9 feet bwsi.  The highest concentrations of congeners included OCDD, OCDF, 1,2,3,4,6,7,8-
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HpCDD, and 1,2,3,4,6,7,8-HpCDF from multiple locations and depths across NDL.  Generally 2,3,7,8-
TCDD detections were two to three times less than detections of OCDD and were limited to depths of 
less than 7.5 feet bwsi.  The wide range of congeners detected in NDL and lack of a pattern indicative 
of RP source areas indicates that multiple sources contribute to the detections of these compounds 
including urban runoff, pentachlorophenol-related sources, and incomplete combustion byproducts 
present in MGP waste.  PCDDs/PCDFs from RP-related sources are not readily identifiable in NDL 
sediments, and if present, represent a minor contribution compared to other sources. 

Surface Water:  Ten surface water samples were collected from NDL between 1995 and 2003.  No 
PCDD/PCDF congeners were detected in sample NDL-101-W or its field duplicate, collected near the 
east side of the lake (closest to RP property).  2,3,7,8-TCDD was detected in one sample (NDL-1) in 
1995, but this detection was not replicated in any of the six samples collected from NDL in 2003, and 
the overall pattern of congeners detected in the 1995 surface water sample was consistent with a mix 
of pentachlorophenol and combustion sources.  PCDD/PCDF congeners detected in surface water 
were limited to 1,2,3,4,6,7,8,9-OCDD, 1,2,3,4,6,7,8,9-OCDF, 1,2,3,4,6,7,8-HpCDD, and 1,2,3,4,6,7,8-
HpCDF in multiple locations across NDL, which is consistent with pentachlorophenol and urban 
background as a source.  The lack of 2,3,7,8-TCDD detections in surface water despite presence of 
2,3,7,8-TCDD in NDL sediment indicates a non-RP source for PCDDs/PCDFs in surface water at 
NDL, and also provides empirical evidence that the PCDDs/PCDFs in NDL sediment are not 
resuspended or partitioned to the dissolved phase, and consequently do not appear to represent an 
ongoing source to surface water.  The low-level detections of limited higher molecular weight 
PCDD/PCDF congeners indicate urban background and pentachlorophenol sources of 
PCDDs/PCDFs to NDL surface water, likely related to runoff from BNSF railroad and Highway 30. 

Biota:  Seventeen fish tissue samples and one amphibian (non-native bullfrog tadpole) tissue sample 
collected from NDL in June 2006 were analyzed for PCDDs/PCDFs.  The following discussion of 
PCDD/PCDF congener profiles does not take into account the possibility of high analytical bias or 
false positive 2,3,7,8-TCDD detections, as all samples were analyzed prior to implementation of 
enhanced QC procedures in 2008.  Biota analytical results are presented in Appendix C, Table C9-4. 

PCDDs/PCDFs were detected in all fish and amphibian samples collected from NDL, with 
1,2,3,4,6,7,8-HpCDD, 2,3,4,7,8,-PeCDF, and 2,3,7,8-TCDD detected in all 18 samples.  2,3,7,8-
TCDD concentrations ranged from 1.00E-06 mg/kg in adult brown bullhead composites to 1.20E-05 
mg/kg in the adult large scale sucker.   

Congener profiles for the tissue samples collected from NDL were compared to the congener profiles 
from tissue samples collected by the LWG, and similarities were noted between the two profiles.  The 
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high relative 2,3,7,8-TCDD concentrations are unique to NDL, but these results were not subjected to 
second column confirmation, and may be unreliable.  Profiles for the other congeners, which likely are 
valid results, resembled congener profiles for smallmouth bass, sculpin, or carp collected throughout 
the River.  The large number and relative concentrations of detected congeners in the fish tissue 
samples is consistent with combustion source profiles, indicating that atmospheric deposition may be 
responsible for most of the PCDDs/PCDFs detected in these NDL biota samples.   

The single non-fish species collected from NDL (juvenile bullfrog) had a congener profile that differed 
from the congener profile for fish.  The amphibian congener profile was dominated by OCDD, and is 
generally consistent with PCDDs/PCDFs detected in MGP waste-effected samples collected in the 
vicinity of NDP and NDL.   

Sediment:  Three sediment samples were collected within or near the NDP.  One sample was 
collected from Doane Creek just upstream from NDP at 0 to 0.5 feet bwsi in the stream channel, and 
two samples were collected within NDP from 0 to 1 feet bwsi.  The samples collected from within 
Doane Creek (NDP-103-S) and near the discharge of NDL to NDP (NDP 102-S) had a limited number 
of PCDD/PCDF congeners detected, with OCDD as the dominant congener, consistent with a 
pentachlorophenol signature.  2,3,7,8-TCDD was not detected in either of these two samples.  The 
third sample collected at the downstream end of NDP prior to entering into the City Outfall 22C storm 
sewer system (NDP-101-S) had detectable concentrations of 17 of the 18 PCDD/PCDF congeners.  
This sample was dominated by detections of OCDD (0.002 mg/kg), 1,2,3,4,6,7,8-HpCDD (1.98E-04 
mg/kg), and OCDF (8.30E-05 mg/kg).  All other detected congeners were detected at concentrations 
ranging between 2.00E-06 mg/kg for 2,3,7,8-TCDD and 2,3,7,8-TCDF and 2.70E-05 mg/kg for 
1,2,3,4,6,7,8-HpCDF.  The overall signature is consistent with pentachlorophenol with minor 
contributions from combustion sources, likely related to runoff from Highway 30. 

NDP 

Detections of congeners upstream of NDP (NDP-103-S) suggest that the dominant sources of 
PCDDs/PCDFs in NDP are related to urban background and pentachlorophenol use.  Also, samples 
collected from NDP near PZ-03-40W exhibited a PCDD/PCDF congener pattern similar to the pattern 
in a NAPL sample related to historical disposal of MGP waste from the Gasco Site. 

Surface Water:  Five surface water samples, co-located with the sediment samples (three at NDP-
101, one at NDP-102, and one at NDP-103), and one seep sample were collected from NDP.  OCDD 
was detected in all five samples, with 1,2,3,4,6,7,8-HpCDD and 1,2,3,4,6,7,8-HpCDF detected in 
three of the samples.  2,3,7,8-TCDD was not detected in any of the surface water samples from NDP.  
The limited number of PCDD/PCDF congeners and lack of 2,3,7,8-TCDD detections indicate a non-
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RP source contributing to detections in surface water at NDP, and the predominance of 
heptachlorinated and octachlorinated congeners suggests pentachlorophenol or urban background-
based sources. 

Biota:  No biota samples have been collected at NDP and surveys by the City have reported that no 
fish are present in Doane Creek (ODFW, 2009). 

Sediment: All 2,3,7,8-substituted PCDD/PCDF congeners have been detected in one or more of the 
56 (55 primary and 1 field duplicate) sediment samples collected from former WDL.  Samples 
collected from depths of greater than 8 feet bwsi exhibited very low or nondetected PCDD/PCDF 
concentrations. 

Former WDL 

The maximum PCDD/PCDF concentrations were detected primarily in cores WDL 101-S (4 to 6 feet 
bwsi) and W002 (5 to 8 feet bwsi), which were collected in the southern portion of former WDL, 
closest to the LADD.  Data presented in Table C7-8 seem to indicate an anomalously high 2,3,7,8-
TCDF result for W019 (4 to 6 feet bwsi) at 1.8 mg/kg.  However, all the “W0”-series samples (i.e., 
W001 – W020) were analyzed by EPA Method 8280, which has less rigorous QC requirements than 
EPA Methods 8290 or 1613B, and does not require second column confirmation for 2,3,7,8-TCDF.  
Experience with differences in concentrations of 2,3,7.8-TCDF on the DB-5 and DB-225 series 
columns in other RP areas shows that the 2,3,7,8-TCDF results for the “W0”-series are likely subject 
to a very high positive bias.  2,3,7,8-TCDD was detected at 15 of the 28 core locations (Figure F-
1070).  Although the greatest concentrations were detected in samples from the southern portion of 
former WDL, the occurrence of 2,3,7,8 TCDD detections appears to be relatively evenly distributed 
throughout former WDL, and the overall congener patterns suggest that RP source materials became 
intermixed with materials from various combustion-related sources with increasing distance from the 
LADD.  Detected 2,3,7,8-TCDD concentrations range from 3.20E-06 mg/kg at WDL 102 S (9 to 11 
feet bwsi) to 0.510 mg/kg at WDL-101-S (4 to 6 feet bwsi). 

The wide range of congeners detected in former WDL, along with the variation in relative congener 
concentrations, indicate multiple sources contributing to the presence of these compounds (including 
RP operations), especially nearer to the LADD:  urban runoff, pentachlorophenol use, secondary lead 
smelting and cable sweating at Gould, and processing of auto fluff at Schnitzer, in addition to other 
likely combustion-related sources such as oil-fired boilers at nearby industrial sites.  The presence of 
PCDDs/PCDFs from multiple sources is consistent with the multisource nature of former Doane Lake.   
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A soil sample was collected from the RP-26-39 well (35 to 37 feet bgs, below the water table) located 
on the ESCO Site and approximately 1,400 feet from the River.  The sample contained all but two 
congeners for which it was analyzed, the highest of which was 2,3,7,8-TCDD at 0.029 mg/kg.  This 
location is near the former Doane Lake bottom and likely represents lake bottom sediments.  A 
groundwater sample later collected from a monitoring well completed at the same depth contained 
only OCDD, 1,2,3,4,6,7,8-HpCDD, and 1,2,3,4,6,7,8-HpCDF at concentrations near the detection limit 
(below the Method 1613B minimum level for those congeners).  The difference between the soil and 
groundwater results at this location is another line of empirical evidence that PCDDs/PCDFs in the 
subsurface at the RP property and vicinity are strongly associated with formation materials and are 
unavailable to transport in groundwater  

Surface Water:  Four surface water samples have been collected from former WDL for PCDD/PCDF 
analysis.  PCDDs/PCDFs were detected in three of the four samples, with 2,3,7,8-TCDD detected in 
two of these samples.  2,3,7,8-TCDD was detected in one sample collected near the south end of 
WDL (near the LADD) in August 2002 (WDL 101-W) at a concentration of 3.40E-07 mg/L, and in a 
sample collected from the midpoint of WDL near the ESCO and RP property boundaries in August 
1993 (W-03) at a concentration of 1.80E-08 mg/L.  OCDD, 1,2,3,4,6,7,8-HpCDD, OCDF, 
1,2,3,4,6,7,8-HpCDF, and 2,3,7,8-TCDF were also detected in these samples, resulting in an overall 
pattern resembling that associated with PCDDs/PCDFs related to pentachlorophenol.  A second 
surface water sample, WDL-103-W, was collected from the same location as W-03 in August 2002.  
OCDD was the only congener detected in this sample.  The fourth surface water sample, WDL-102-
W, was collected midway between WDL 101-W and WDL-03/WDL-103-W.  No congeners were 
detected in this sample.   

Biota: No biota samples were collected from WDL. 

8.9.5.6 Stormwater/Non-Stormwater and Storm Sewer Sediment Samples 

PCDDs/PCDFs were analyzed in non-stormwater samples collected from the City Outfall 22B storm 
water system in August 2002, September 2004, December 2006, February, October, and December 
2007, February and June 2008, and May 2009.  PCDDs/PCDFs were analyzed in sediment cleanout 
samples collected from the City Outfall 22B system in November 2006, and September and October 
2009 (Section 5.3).   

PCDDs/PCDFs were analyzed at City Outfall 22C in four non-stormwater (infiltration) samples 
collected in May 2002, November 2003, September 2004, and July 2009 and from one stormwater 
sample collected in December 2003.  Stormwater and non-stormwater data from City Outfall 22C are 
screened against SLVs (human health and ecological) as part of the SCE in Section 16.   
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Figure 16-C and 16-D presents the locations of stormwater and non-stormwater locations and Figure 
F-1158 present distribution of 2,3,7,8,-TCDD.  Nature, distribution and potential sources of 
PCDDs/PCDFs in the Outfall 22B and Outfall 22C samples are discussed below. 

The Outfall 22B IRAM has substantially eliminated infiltration of ground water and soil into the sewer 
line.  Historically, PCDDs/PCDFs had been sporadically detected in the manhole and outfall samples 
collected from the City Outfall 22B storm sewer system from 2002 to 2008.  In May 2009, 
PCDD/PCDF samples were collected from each of the manholes and at the outfall and analyzed 
using EPA Method 1613B with the second column confirmation to evaluate the validity of the 
previously observed sporadic detections.   

City Outfall 22B 

Only three congeners were detected in the May 2009 samples: OCDD, 1,2,3,4,6,7,8-HpCDD, and 
2,3,7,8-TCDD.  OCDD was detected at six of the seven manhole samples and at Outfall 22B at 
estimated concentrations ranging between 8.79E-09 mg/L in MH-07 to 4.00E-08 mg/L in MH-04, MH-
09, and Outfall 22B.  1,2,3,4,6,7,8-HpCDD was only detected in MH-09 at an estimated concentration 
of 7.13E-09 mg/L.  2,3,7,8-TCDD was only detected in MH-06 at a concentration of 1.50E-08 mg/L.  
The detections of OCDD and 1,2,3,4,6,7,8-HpCDD suggest the presence of PCDDs/PCDFs related to 
urban background throughout the Outfall 22B storm sewer system. 

The single 2,3,7,8-TCDD detection in the City Outfall 22B storm sewer system in 2009, at MH-06,  is 
collocated with a localized detection of 2,3,7,8-TCDD in shallow groundwater near N.W. Front Avenue 
at monitoring well PM-05-025.  Groundwater infiltration that included entrained soil from around the 
sewer pipe in the area of MH-06 is the likely source of the 2,3,7,8-TCDD to the City Outfall 22B storm 
sewer system.  Samples ANF217 and ANF220 were collected in February 2008 from a water seep 
and infiltration flowing into two catch basins located along N.W. Front Avenue, near the western 
boundary of Arkema Lot 1, that are associated with the City Outfall 22B storm sewer system (Section 
4.6).  No PCDDs/PCDFs were detected in sample ANF 217.  OCDF and 1,2,3,4,6,7,8-HpCDD were 
the only congeners detected in sample ANF220, at estimated concentrations of 2.94E-09 mg/L and 
7.04E-09 mg/L, respectively.  Non-stormwater samples were collected from NL/Gould MH-4 (prior to 
discharge to the City Outfall 22B storm sewer system) as part of an evaluation and repair of 
NL/Gould’s storm sewer system in February 2007 and February 2008.  OCDD was the only 
PCDD/PCDF congener detected in the February 2007 sample, at an estimated concentration of 
1.04E-09mg/L.  No PCDD/PCDF congeners were detected in the February 2008 sample.  

PCDDs/PCDFs have also been detected in City Outfall 22B storm sewer cleanout sediment.  Several 
PCDD/PCDF congeners were detected in each of the two cleanout samples collected in 2006.  
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Sample IDW-271, collected between MH-5 and Outfall 22B, had generally higher concentrations of 
PCDD/PCDF congeners than sample IDW-270, collected between MH-10 and MH-5.  2,3,7,8-TCDD 
was detected in IDW-271 at a concentration of 1.2E-06 mg/kg.  2,3,7,8-TCDF was detected in IDW-
270 and IDW-271 at concentrations of 2.00E-06 mg/kg and 3.60E-06 mg/kg, respectively.    

Multiple PCDD/PCDF congeners were detected in each of the cleanout sediment samples collected in 
2009.  PCDD/PCDF concentrations were generally highest in samples collected from the City and 
Schnitzer portions of the system and lowest in the samples collected from the NL/Gould portion of the 
system.  Detectable concentrations of 2,3,7,8-TCDD ranged from 1.50E-06 mg/kg at the NL/Gould 
property (sample IDW-335) to 8.89E-05 mg/kg in the Metro/Schnitzer sample (IDW-338).  Detectable 
2,3,7,8-TCDF concentrations ranged from 8.45E-07 mg/kg at NL/Gould (IDW-335) to 1.16E-05 mg/kg 
at the Schnitzer/Air Liquide sample (IDW-337).  OCDD detections ranged from 4.05E-04 mg/kg at 
NL/Gould to 0.051 mg/kg at Schnitzer/Air Liquide.  All of these congener patterns closely resemble 
the congener pattern for pentachlorophenol. 

The highest PCDD/PCDF concentrations in storm sewer cleanout sediment do not necessarily 
correlate directly with the locations of the highest PCDD/PCDF concentrations in non-stormwater 
(infiltration) within the City Outfall 22B system, likely due to differential sediment settlement within the 
system.  Increased sedimentation due to lower flow velocities could potentially have contributed to 
elevated PCDD/PCDF concentrations at various locations within the system (e.g., downstream from 
City MH-7).  The high PCDD/PCDF concentrations, detected in the sediment cleanout samples from 
the Schnitzer/Air Liquide and Metro/Schnitzer portions of the system, correlate with historical 
PCDF/PCDD sources at the Schnitzer Site (Section 3.2 and Appendix L). 

PCDDs/PCDFs were only detected in the November 2003 non-stormwater and the December 2003 
stormwater samples.  Both samples had elevated detections of OCDD relative to other detected 
congeners, with additional detections of OCDF, 1,2,3,4,6,7,8-HpCDD, and 1,2,3,4,6,7,8-HpCDF.  
2,3,7,8-TCDD was not detected in either sample.  The pattern of detected congeners suggests 
impacts from urban background, pentachlorophenol, or possibly byproducts of incomplete combustion 
related to MGP waste.  

City Outfall 22C 

8.9.6 Fate and Transport of PCDDs/PCDFs in Environmental Media in the RP 
Property Vicinity 

As discussed in Section 8.9.2, the environmental fate and transport of PCDDs/PCDFs are largely 
controlled by three factors, which are (Fan et al., 2006; EPA, 1980; EPA, 2003a): 
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1.  Low susceptibility to degradation through biological or chemical pathways; 

2.  Low aqueous solubility; and 

3.  A strong tendency to bind to particulate matter. 

While the first of these properties means that PCDDs/PCDFs are persistent in environmental media, 
the second two properties mean that PCDDs/PCDFs are not very mobile in the absence of high 
energy environments that cause physical movement of soil or sediment particles to which 
PCDDs/PCDFs are bound.  Absent sufficient energy to cause movement of the particles, 
PCDDs/PCDFs tend to remain in place near the point at which they were released.  As discussed 
above, the distribution of PCDDs/PCDFs in environmental media at the RP property and vicinity 
demonstrates the lack of ongoing transport of PCDDs/PCDFs.  The remainder of this section presents 
a discussion of site-specific factors that contribute to the lack of mobility of PCDDs/PCDFs at the RP 
property and vicinity, along with an explanation of how these factors are consistent with the current 
distribution of PCDDs/PCDFs.   

The specific mechanisms that result in attenuation of transport of PCDDs/PCDFs depend on the 
nature and location of the release, and fall into the two basic categories.  These categories, and the 
consequent effects on distribution of PCDDs/PCDFs in the RP property vicinity, are discussed below.   

First, in cases where PCDDs/PCDFs were released as part of a NAPL or in an area where NAPL is 
present, the main factors controlling the subsequent distribution of the PCDDs/PCDFs is the low 
aqueous solubility of the PCDD/PCDFs, and their high affinity for organic matter.  Once present in a 
NAPL, PCDDs/PCDFs will tend to remain in solution and can generally only migrate to the extent of 
the NAPL body before other mechanisms, such as sorption to solids, come into play and limit further 
migration.  This pattern is evident in the RP data set, with concentrations of PCDDs/PCDFs in areas 
where NAPL is present much higher than concentrations of PCDDs/PCDFs in nearby locations where 
NAPL is not present. 

Second, in cases where PCDDs/PCDFs are released to surface water, soil, or soil-groundwater 
systems, the tendency of these constituents to partition onto particulate matter results in the 
PCDDs/PCDFs becoming adsorbed onto the soil particles.  A number of studies (Fan et al., 2006, and 
studies summarized in EPA, 1980 and EPA, 2003a) indicate that the association between the 
PCDDs/PCDFs and soil particles becomes essentially irreversible during aging.  Consequently, the 
bound PCDDs/PCDFs are not available to transport mechanisms that do not physically displace and 
move the soil particle, and even then, the bound PCDDs/PCDFs are likely not available to receptors. 
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In this second case, transport of the PCDDs/PCDFs is possible if the particles to which the 
PCDDs/PCDFs are bound are transported by physical processes.  The specific nature of the transport 
mechanisms involved and their role in the distribution of PCDDs/PCDFs at the RP property vicinity 
vary by medium affected. 

In the case of releases of PCDDs/PCDFs to groundwater, recent literature such as presented in EPA 
(2003a) and Fan et al. (2006) suggest that transport of PCDDs/PCDFs in groundwater systems may 
occur soon after a release, but tends to decrease rapidly with time as the PCDDs/PCDFs become 
more strongly particle-associated from iron complexation and precipitation.  In the RP property 
vicinity, evidence suggests a series of geochemical controls in the soil-groundwater system that trap 
PCDDs/PCDFs in precipitated iron complexes and prevent their movement in the groundwater 
system.  These controls eliminate dissolved phase transport, as the PCDDs/PCDFs partition onto the 
precipitated iron moieties, and also eliminate potential colloidal transport, as the iron precipitates are 
too large to move through the aquifer materials and are trapped near the point where they are formed.  
Empirical evidence for lack of transport from the observed nature and extent of PCDDs/PCDFs in 
groundwater at the RP property and vicinity is discussed in Section 8.9.5 above.  

In the case of releases of PCDDs/PCDFs to soil, the primary transport mechanisms are either transfer 
from soils to groundwater (discussed above), or overland flow through entrainment in stormwater.  
Overland flow is not a current complete pathway for the RP property, as discussed in Section 7.  
Historically, there may have been overland flow from the former RP manufacturing area to former 
Doane Lake, but as discussed below, any PCDDs/PCDFs entering former Doane Lake would likely be 
trapped in the lake through adsorption to particulate matter and subsequent sedimentation, and would 
not be further available for transport. 

In the case of any releases of PCDDs/PCDFs to surface water in former Doane Lake, adsorption of 
the PCDDs/PCDFs to particulates and sedimentation, as mentioned above, would be the main factor 
controlling distribution and transport.  Former Doane Lake lacked a permanent outlet, and although it 
was occasionally either pumped or overflowed, represented a fairly low-energy environment where 
particulate matter would settle out of suspension and accumulate on the bottom.  The sediment in 
former Doane Lake was high in organic matter and iron and, consistent with findings presented in 
literature sources cited in this section, the PCDDs/PCDFs became irreversibly bound to the sediment, 
and unavailable for transport in groundwater.   

These processes described above are consistent with and explain the nature and horizontal extent of 
PCDDs/PCDFs in environmental media in the RP property vicinity.  As discussed in Section 8.9.1, 
PCDDs/PCDFs potentially related to RP operations are present near known source areas, or within 
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and beneath the footprint of former Doane Lake where they are intermingled with PCDDs/PCDFs from 
other sources.  

The vertical extent of PCDD/PCDF distribution is also consistent with descriptions in the literature and 
operation of these mechanisms, along with several additional factors.  These additional factors, which 
relate to partitioning behavior of PCDDs/PCDFs, geochemistry, and hydrogeology are: 

1.  The overall hydraulic gradient in groundwater at the RP property is downward.  As a 
result, to the degree that any transport of PCDDs/PCDFs in the groundwater did take 
place, that transport was likely in a downward direction. 

2.  Research by Fan et al. (2006) and others indicate that although PCDDs/PCDFs become 
irreversibly bound to particulate matter with time, there is some initial period where the 
adsorption is at least partially reversible.  This allows some fraction of the 
PCDDs/PCDFs in the groundwater system to adsorb, desorb, move in a dissolved form, 
and adsorb again for a brief time after release, until the irreversible adsorption stage is 
achieved.   

3.  It is likely that geochemical conditions under former Doane Lake were not always 
favorable for formation and agglomeration of iron precipitates due to discharge of sulfuric 
acid from battery reclamation operations at the NL/Gould Site.  If pH and redox 
conditions differed from those currently observed, it is possible some limited transport of 
PCDD/PCDF on colloidal particles occurred in certain areas, and that this transport 
allowed the PCDDs/PCDFs to move to their current locations in the formation before the 
effects of the sulfuric acid on mobility attenuated through dilution or reaction with aquifer 
materials or other fill materials.  Release of iron by reaction of sulfuric acid with formation 
materials may also be the main cause of the elevated iron concentrations in groundwater 
beneath former Doane Lake. 

4.  The presence of DNAPLs in certain areas may have contributed to downward transport 
of PCDDs/PCDFs.  The PCDDs/PCDFs may have moved along with portions of DNAPL, 
and as the DNAPL gradually dissolved into the groundwater, the PCDDs/PCDFs were 
entrained in their current locations, adsorbed to particles in the geological formation.  

These mechanisms represent the best explanation for the vertical distribution of PCDDs/PCDFs at the 
RP property vicinity, are consistent with the CSM, and are supported by the fact that horizontal 
distribution of PCDDs/PCDFs that appear to be associated with RP operations is limited to areas such 
as the RP manufacturing area and former Doane Lake where PCDDs/PCDFs from RP operations 
could reasonably be expected to be located.  

The most important aspect of this discussion is the fact that although these mechanisms can help 
explain the current distribution of PCDDs/PCDFs in the RP property vicinity, the data from the RI 
demonstrate that PCDDs/PCDFs are not currently being transported in groundwater, and that no 
ongoing transport of PCDDs/PCDFs present in soil occurs or is possible.    



 

AMEC Earth & Environmental, Inc. 
372 Project No.:  0-61M-107030/Phase 0104/T6 
 K:\10000\10700\10703\0100 RI-FS-ROD\0104 RI Report\Draft RI\RI-SCE Report.Docx 

8.9.7 Summary of Transport Pathways   
8.9.7.1 Groundwater 

PCDDs/PCDFs in groundwater remain localized in the vicinity of release areas, and do not track well 
with other more soluble and/or mobile constituents (e.g., chlorinated benzenes) originating at the RP 
property.  PCDDs/PCDFs are present in groundwater beneath the RP property as well as at other 
locations within the vicinity of the RP property, typically with varied congener profiles.  This distribution 
is indicative of multiple sources of PCDDs/PCDFs to groundwater, and not of migration from the RP 
property. 

As discussed in Section 8.9.6, the principal reason for the lack of extensive transport of 
PCDDs/PCDFs in groundwater is likely the operation of a series of geochemical controls in the soil-
groundwater system that trap PCDDs/PCDFs in precipitated iron complexes, and prevent their 
movement in the groundwater system.  These controls eliminate dissolved phase transport as the 
PCDDs/PCDFs partition onto the precipitated iron moieties, and also eliminate any potential colloidal 
transport, as the iron precipitates are too large to move through the aquifer materials, and are trapped 
near the point where they are formed.  Empirical evidence for lack of transport from nature and extent 
of PCDDs/PCDFs in groundwater in the RP property vicinity is discussed in Section 8.9.5.   

8.9.7.2 Stormwater, Surface Water, and Sediment 

Stormwater: Stormwater from the RP manufacturing area is collected and treated by settling and 
carbon filtration prior to discharge to the River pursuant to the NPDES permit for the RP property, and 
does not represent a current complete transport pathway.  Historically, stormwater from the RP 
manufacturing area likely entered former Doane Lake, which was not permanently connected to the 
River, although some overflow did occur at times.  Former Doane Lake represented a low-energy 
environment, where PCDDs/PCDFs were likely trapped through sedimentation and incorporated into 
the lake bottom. 

While not an actual stormwater pathway, groundwater infiltration with entrained soil into Outfall 22B 
may have previously represented a potentially complete pathway; however the Outfall 22B IRAM has 
substantially reduced non-stormwater infiltration into the system, and this pathway is no longer 
complete. 

Former Doane Lake/Former WDL: PCDDs/PCDFs were present in the multi-source former Doane 
Lake sediments, as evidenced by samples collected from within and near the former East Doane Lake 
remnant.  There were many sources of PCDDs/PCDFs to former Doane Lake (Section 3.2) in addition 
to the RP operations.  Groundwater data indicate that PCDDs/PCDFs that may be present in 
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subsurface soil in the former Doane Lake footprint are bound to the soil and that the former lake 
sediments are not a significant source of PCDDs/PCDFs to shallow groundwater.  This condition is 
not anticipated to change over time. 

NDL: PCDDs/PCDFs have also been detected in NDL sediment, but not surface water.  This is 
consistent with a potential historical connection to former WDL through the railroad embankment.  
This is not a current pathway due to changes in relative surface water elevations, as discussion in 
Section 6.  There are several non-RP-related sources of PCDDs/PCDFs to NDL, as discussed above.  
PCDDs/PCDFs in NDL sediment appear to be bound to the sediment, as the sediment is not acting as 
a source of these constituents to surface water.  This is further supported by a lack of 2,3,7,8-TCDD 
detections in Outfall 22C stormwater and non-stormwater discharge.  These conditions are not 
anticipated to change over time. 

HDD: HDD soil sample results indicate multiple sources of PCDDs/PCDFs to the HDD and its 
immediate vicinity.  The congener pattern in HDD soil samples is consistent with beach and River 
sediment samples collected near Arkema and suggests influence from historical disposal of graphite 
electrode wastes, which are high in PCDFs, contribution of HpCDD and OCDD from 
pentachlorophenol-based sources, and contribution from local or regional combustion-related 
sources.  This suggests that PCDDs/PCDFs in the HDD are largely related to historical waste 
management practices at the Arkema Site and possibly fill from dredged materials containing wastes 
from the McCormick and Baxter Site.  Influence from RP-related sources is not readily identifiable in 
the PCDD/PCDF congener distribution detected in samples from the HDD, suggesting that any 
contribution related to RP sources is minor compared to contributions from other sources. 

Stormwater/Non-stormwater, City Outfall 22B:  PCDDs/PCDFs have been detected in sediment and 
non-stormwater within the City Outfall 22B storm sewer system.  This may be a result of infiltration of 
sediment and groundwater with suspended sediment from the immediately adjacent former Doane 
Lake area, but also likely from catch basins along N.W. Front Avenue.  The Outfall 22B IRAM has 
substantially reduced non-stormwater infiltration into the system); however, other sources of 
PCDDs/PCDFs to the City Outfall 22B storm sewer system will need to be controlled to prevent 
further migration of PCDDs/PCDFs to the River. 

8.10 POLYCHLORINATED BIPHENYLS 

PCBs are a group of synthetic organic chemicals consisting of a biphenyl structure (two linked 
benzene rings) that has between one and ten attached chlorine atoms.  There are 209 possible 
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individual PCB compounds known as congeners.  Approximately 130 of those congeners are likely to 
occur in commercial PCB mixtures (Neumer, 1998).   

It is evident from the PCB distribution in the RP RI dataset and data from vicinity properties that PCBs 
in environmental media at the RP property and vicinity are related to multiple sources.  Historical 
records concerning presence and use of PCBs at the RP property show that potential sources of 
PCBs are limited to eight transformers formerly in the HA and IA and possible use of small amounts of 
heat transfer fluid that may have contained PCBs during a short period of time.  PCB concentrations 
in groundwater do not indicate downgradient transport of PCBs from the RP property.  The 
concentrations of the majority of detected total PCB results in the RP RI groundwater dataset are less 
than total PCB concentrations in wet deposition (rain) and industrial stormwater in the Portland area 
(Blischke, 2009; see Section 8.10.4.4). 

Data collected by StarLink and its predecessors for the RP RI are supplemented with limited data 
from other sites and are used to understand the nature and extent of PCBs.  These limited data show 
that there are source areas on other sites in the RP property vicinity.  Most sites in the vicinity of the 
RP property have not completed RIs or have not uniformly investigated or analyzed for PCBs, even in 
cases of known historical operations associated with PCBs (see Section 3.2).  This lack of data 
makes it impossible to fully evaluate the distribution and sources of PCBs in the vicinity of the RP 
property.  

8.10.1 Physical Properties/Environmental Fate 
Monsanto Corporation was the only commercial producer of PCB mixtures in the United States.  
These technical-grade mixtures were primarily marketed under the trade name Aroclor followed by a 
four-digit code.  Generally, the first two digits specified the number of carbons in the PCB molecule 
(e.g., 12) and the second two digits represented the approximate chlorine concentration by weight of 
the PCB mixture.  The principal exception to the rule was Aroclor 1016, which had a similar 
composition to Aroclor 1242, and contained approximately 41.5% chlorine (ASDR, 2000). 

PCBs are ubiquitous in the environment as a result of extensive historical use (Hope, 2008).  They 
have low aqueous solubility, high octanol-water partition coefficients, and are highly nonpolar.  These 
properties lead to a strong affinity for PCB adsorption to soils and sediments, and limit transport of 
PCBs in groundwater.  Airborne PCBs settle as dust or in rain or snow, and atmospheric deposition is 
a common ongoing source of PCB loading to both rural and urban locations.  PCBs adsorbed to 
particulate matter can be carried long distances by wind or water, but tend to settle out and become 
trapped in areas where wind speeds or current drop.  These physical processes lead to accumulation 
of PCBs in locations where no historical PCB use occurred.  PCBs are not readily degradable by 
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physical, chemical, or biological mechanisms under typical environmental conditions in soil or 
groundwater.  Detailed summaries of the literature related to properties and environmental fate of 
PCBs can be found in Erickson (1997) and ATSDR (2000).   

8.10.2 Data 
8.10.2.1 Data Sets 

Soil, sediment, groundwater, surface water, stormwater, biota, and NAPL at the RP property and 
other sites in the vicinity of the RP property have been sampled and analyzed for PCBs.  A total of 
417 samples including field duplicates have been analyzed for PCBs, and results are presented in 
Appendix C, in tables, and figures in Appendix F, as indicated below: 

● NAPL:  Table C4-6; Figure F-0880 

● Soil:  Tables C1-7 and C1-8; Figures F-0214 to F-0237 

● Groundwater:  Tables C2-7, C3-7, and C3-8; Figures F-0600 to F-0631 and F-0800,  

● Sediment and surface water:  Tables C5-7, 7-6, and C7-7; Figures F-1072 to F-1079 and 
F-0949 

● Stormwater, non-stormwater, and storm sewer cleanout sediment:  Tables C8-6, C8-7, 
C10-6, and C10-7; Figures F-1160 to F-1169 

8.10.2.2 Data Usability 

Most of the historical PCB data from the RP property and vicinity properties is Aroclor data.  Aroclor 
analysis was generally performed by either EPA Method 8080 (for results generated before 1997) or 
Method 8082 (for results generated before 1997).  Both of these methods use an electron-capture 
detector (ECD), which is a sensitive but non-specific detector for halogenated compounds, and relies 
only on retention time and chromatographic pattern for analyte identification.   

Aroclor analysis is highly susceptible to matrix interference from a variety of halogenated organic 
compounds.  This Aroclor analysis can result in a series of chromatographic peaks that closely mimic 
a particular Aroclor, or can result in interferences with certain specific peaks related to an Aroclor 
present in a sample and result in a positive bias in the calculated result.  As described in EPA Method 
8082A (EPA, 2007c), these interferences include “compounds extracted from the sample matrix to 
which the detector will respond, such as single-component chlorinated pesticides, including the DDT 
analogs (DDT, DDE, and DDD).”  PCB Aroclor data for samples collected before 1997 did not 
undergo validation, and potential interferences from other halogenated organic compounds would not 



 

AMEC Earth & Environmental, Inc. 
376 Project No.:  0-61M-107030/Phase 0104/T6 
 K:\10000\10700\10703\0100 RI-FS-ROD\0104 RI Report\Draft RI\RI-SCE Report.Docx 

have been identified.  Therefore, the pre-1997 PCB Aroclor data are considered unreliable and are 
used with caution. 

More recent PCB data from the RP property and vicinity are from congener analysis.  The limited 
available PCB congener data from the RP property and vicinity are from analysis of samples by EPA 
Method 1668A (for samples collected before 2008) and EPA Method 1668B (EPA, 2008c) (for 
samples collected after 2008).  Both methods use a high-resolution gas chromatograph with a high-
resolution mass-spectrometer (HRGC/HRMS).  HRGC/HRMS analysis allows PCB congeners to be 
identified using both ion abundance ratios and retention times and, therefore, is less prone to matrix 
interference and false analyte detections than ECD analysis. 

According to Section 9.5.2 of EPA Method 1668B, blanks are not considered contaminated unless 
congeners are detected at concentrations greater than the method-specified minimum levels.  These 
minimum levels reported for the set of analyzed congeners range from 10 to 1,000 picograms per liter 
(pg/L) for water samples and 1 to 100 nanograms per kilogram (ng/kg) for solid samples, or one-third 
of the regulatory limit, whichever is higher.  Consequently, laboratories do not try to control low-level 
contamination as long as the concentrations are below the method-specified minimum levels.  
Approximately one third of soil PCB congener concentrations reported in the RP RI dataset (202 of 
689 results) are less than 100 ng/kg and are, therefore, within the range of EPA Method 1668B 
minimum levels for many congeners.  These results should be used with caution, as they may be 
false positives indicative of laboratory contamination rather than area conditions.  Additionally, low-
level false positive individual congener results would cause potentially high bias to the total PCB 
concentration reported for affected samples. 

8.10.3 Sources in the RP Property Vicinity 
Historical records concerning presence and use of PCBs at the RP property show that potential 
sources of PCBs are limited to eight transformers formerly on the property and possible use of small 
amounts of heat transfer fluid that may have contained PCBs during a short period of time.  

PCBs were produced commercially in the United States between 1929 and 1977, and the EPA 
banned most uses of PCBs in 1979.  Typical end uses for each Aroclor mixture (IARC, 1978) are 
listed below: 

● Aroclor 1016 – Capacitors; 

● Aroclor 1221 – Capacitors, adhesives, gas-transmission turbine lubricant, and rubbers; 

● Aroclor 1232 – Adhesives, hydraulic fluid, and rubbers; 
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● Aroclor 1242 – Transformers, heat transfer, adhesives, wax extenders, hydraulic fluid, gas-
transmission turbine lubricant, rubbers, and carbonless paper; 

● Aroclor 1248 – Adhesives, hydraulic fluid, vacuum pump lubricant, rubbers, and synthetic 
resins; 

● Aroclor 1254 – Capacitors, transformers, adhesives, wax extenders, dedusting agents, 
inks, cutting oils, pesticide extenders, sealants and caulking compounds, hydraulic fluid, 
vacuum pump lubricant, rubbers, and synthetic resins; 

● Aroclor 1260 – Transformers, dedusting agents, hydraulic fluid, and synthetic resins; 

● Aroclor 1262 – Synthetic resins; and 

● Aroclor 1268 – Wax extenders, rubbers, and synthetic resins. 

A variety of sources in the vicinity of the RP property historically contributed PCBs to environmental 
media either through handling or use of PCB-containing oils or as inadvertent byproducts of 
processes employed by the owners and operators of the facilities, as presented in Section 3.2 and 
Table 3-A.  These sources include the following. 

● Historical auto fluff processing operations, transformers, and waste compressor oil on the 
Schnitzer Site.  Aroclor 1254 was detected in auto fluff samples collected on the Schnitzer 
Site in 1987 (Appendix L).  Auto fluff from the Schnitzer Site was disposed on the Schnitzer 
Site and the northern portion of the NL/Gould Site in the vicinity of former Doane Lake 
(Dames and Moore, 1987). 

● Historical operations (including cable sweating) and transformers at the NL/Gould Site;  

● Multiple sources on the Arkema Site, including: a tank of waste oil that may have been 
used as fuel for industrial boilers and was known to contain PCB, along with soil and 
sludge associated with that tank; the fuel line of the Riley boiler in which 1,400 ppm of 
Aroclor 1248 was detected (Section 3.2); and the Bonneville Power Administration (BPA) 
substation and transformers located on the Arkema Site; 

● Placement of River dredge spoils containing wastes from the multiple sources for fill in 
former Doane Lake and at Arkema, Siltronic, and other properties; 

● Capacitors used in BNSF locomotives prior to the mid-1980s (BNSF, 2008); 

● Urban/roadway runoff from Highway 30 and N.W. Front Avenue (LWG, 2008); 

● Residential open-air burning (Hope, 2008); and 

● Anthropogenic urban background as documented in multiple literature sources (Walker et 
al., 1999; Meijer et al., 2003; Rossi et al., 2004; and Hope, 2008) and further described in 
Section 8.10.4.1. 
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Additional information relevant to differentiating contributions from these various sources can be found 
below and in Table 3-A.  

8.10.4 Nature and Extent of PCBs in Environmental Media in the RP Property Vicinity 
A total of 417 soil, groundwater, sediment, surface water, biota, stormwater, and NAPL samples, 
including field duplicates have been analyzed for PCBs.  PCB Aroclor results are presented in Tables 
C1-7, C2-7, C3-7, C4-6, C5-7, C7-6, C8-6, and C10-6 of Appendix C, and PCB congener results are 
presented in Tables C1-8, C3-8, C7-7, C8-7, and C10-7 of Appendix C.  The following sections 
describe the distribution of PCBs in environmental media at the RP property and other sites within the 
vicinity of the RP property.  The evaluation of the nature and extent of PCBs in the vicinity of the RP 
property is hampered by inadequate investigations at many neighboring sites, including NL/Gould, 
Schnitzer/Air Liquide, Arkema, and Metro.  The lack of PCB data from complete investigations of 
these sites, some of which are known sources of PCBs, makes it impossible to evaluate fully the 
nature and extent of PCBs in environmental media within the RP property vicinity from either specific 
sources or generalized anthropogenic background. 

8.10.4.1 Anthropogenic Background 

Evaluation of the nature and extent of PCBs in environmental media must consider the role of global, 
regional, and local anthropogenic background levels of PCBs, especially because of the low 
concentrations of these constituents detected in the RP property and vicinity.  Understanding these 
levels is important because the RP property is located in an industrialized urban area, and deposition 
of PCBs is known to have occurred, resulting in an overall presence of PCBs in the area.  PCBs are 
present throughout the urban environment, particularly in soils and sediments (Meijer et al., 2003), 
and their presence must be understood and evaluated to evaluate the nature and extent of PCBs that 
may be related to historical operations at the RP property. 

Emissions of PCBs from impacted soils to the global atmosphere, including those from rapidly 
industrializing areas such as Asia, are thought to be a source of PCBs to the Willamette River Basin 
(Hope, 2008; Sethajintanin et al., 2004; Sethajintanin et al., 2006; and Primbs et al., 2007).  A 2003 
study of soil samples from 191 worldwide locations distant from potential PCB point sources found 
that the mean background total PCB concentration in surface soils (0 to 5 centimeters or about 2 
inches) was approximately 0.005 mg/kg (Meijer et al., 2003).  The presence of PCBs in these remote 
soils is attributed to atmospheric deposition.  Concentrations were much greater in the Northern 
Hemisphere, where the majority of historical PCB use occurred.  The background PCB contribution 
from atmospheric deposition in the vicinity of the RP property is likely greater, due to local and 
regional industrial and urban activity.  
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Local PCB sources include those described in Section 8.10.3 as well as wet and dry deposition of 
atmospheric PCBs and PCBs present in urban runoff.  As estimated by Eric Blischke of the EPA in a 
2009 discussion of PCBs in Portland Harbor, the total PCB concentration for wet deposition (rain) in 
Portland is approximately 5.00E-07 mg/L.  Estimates of total PCB concentrations in residential and 
industrial stormwater are approximately 1.00E-05 mg/L and 1.00E-04 mg/L, respectively (Blischke, 
2009).  The total PCB concentrations measured in highway runoff in the Portland area range from 
8.20E-06 to 1.85E-04 mg/L at the St. John’s Bridge and from 1.34E-05 to 3.57E-05 mg/L at U.S. 
Highway 30 at NW 35th Avenue in NW Portland (LWG, 2008).  Groundwater total PCB concentrations 
in the RP RI dataset are similar to or less than these concentrations.  PCBs in RP property and 
vicinity groundwater are likely from anthropogenic, industrial background contamination and not from 
a source on the RP property.  The presence and distribution of low concentrations of PCB congeners 
in groundwater has not been extensively studied or reported in the literature, and mechanisms for 
transport of low concentrations of these constituents in groundwater are not well understood.  

8.10.4.2 Soil  

A total of 115 soil samples were analyzed for PCBs as Aroclors between 1993 and 2005.  The 
distributions of total PCBs as Aroclors or congeners are presented in Figures F-235 to F-237 of 
Appendix F.  Six soil samples collected near the River on the BNSF and Arkema sites in 2007 were 
analyzed for PCB congeners.  There is however limited PCB data from other sites in the vicinity of RP 
and this lack of data hinders the ability to evaluate the presence and location of sources of PCBs on 
those properties. 

In general, PCB detections were isolated, and areas where PCBs were detected were interspersed 
with areas where PCBs were not detected.  The specific Aroclors detected in soil samples differed 
across the RP property and vicinity properties (Figures F-214 through F-231 in Appendix F), and the 
data and data distribution suggest localized individual releases from a variety of sources currently or 
formerly located around former Doane Lake.  There is no evidence of continuous presence of PCBs in 
soil from sources related to historical operations at the former RP plant to other areas at the RP 
property, vicinity properties, or the River.   

PCBs have not been detected in the NAPL samples analyzed for PCBs as part of the RP RI 
investigations.  The lack of detections of PCBs in NAPL is consistent with the documented limited use 
and presence of PCBs at the RP property and provides additional evidence that demonstrates the 
absence or limited potential presence of PCB sources related to historical manufacturing processes or 
other operations on the RP property. 
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The following sections describe the distribution of PCBs detected in the RP RI soil dataset and the 
limited PCB data available for soil investigations conducted on vicinity properties. 

A total of 109 soil samples and 6 field duplicates were analyzed for PCB Aroclors by EPA Methods 
8080 or EPA 8082.  Aroclor results are described below and depicted on Figures F-214 through F-
231.  Total PCB Aroclor results are presented on Figures F-235 though F-237 in Appendix F.  The 
EPA 2010 Industrial Soil RSL for total PCBs is 0.74 mg/kg. 

Aroclor Analysis  

The spatial distribution and concentrations of Aroclors identified in soil throughout the RP property 
and vicinity indicate that PCBs originate from multiple sources.  Soil PCB data do not support the RP 
property as the source of PCBs anywhere except for localized areas in the former manufacturing 
area.  PCB concentrations decrease with sample depth, indicating surface deposition and not a 
continuous source that migrated to depth. 

Aroclor 1242: Aroclor 1242 was detected once at a concentration of 145 mg/kg in surface sample IA-
208 in the northeastern corner of the IA near the Metro property line.  The detected concentration is 
greater than the May 2010 EPA Industrial Soil RSL.  Aroclor 1260, at a concentration of 1.20 mg/kg, 
was also reported for this sample.  This detection is limited to surface soil and is spatially isolated 
from any other detections of Aroclor 1242 in any other environmental medium, with no evidence for 
transport within or from the RP property.   

Aroclor 1248: Aroclor 1248 was detected once, at a concentration of 4.17 mg/kg in surface sample 
LADD-103 collected midway between the beginning of the LADD and the southern end of former 
WDL.  The detected concentration is greater than the EPA 2010 Industrial Soil RSL.  This detection is 
limited to surface soil.  There is no evidence of transport to this location from anywhere on RP 
property.  The LADD receives stormwater runoff from BNSF property and Highway 30 and represents 
a relatively lower energy physical environment where PCBs and other constituents from stormwater 
are likely to accumulate.  The accumulation of run-on constituents for at least some fraction of 
constituents detected in shallow soils within the LADD is consistent with the presence and distribution 
of PCDDs/PCDFs in LADD soils presented in Section 8.9. 

Aroclor 1254: Aroclor 1254 was detected in 11 soil samples: 

● One surface sample in the HA (HA-214):  The detected concentration of 3.5 mg/kg 
exceeds the EPA 2010 Industrial Soil RSL.  This sample was collected near an historical 
transformer pad (AMEC, 2002q).  This isolated detection of Aroclor 1254 is separated from 
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other Aroclor 1254 detections by a considerable distance and multiple samples without 
detections of Aroclor 1254.    

● Two surface samples in the IA (CELL28 and CELL82):  The detected concentrations 
exceed the EPA 2010 Industrial Soil RSL.  These samples were collected near the Metro 
property border and the intersection of NW 61st Avenue and NW Culebra Avenue.  The 
detection of Aroclor 1254 in this location is isolated from other areas where Aroclor 1254 
was detected.  

● Three surface samples from the former Doane Lake area (CELL419, CELL602, and 
CELL627):  The detected concentrations were all greater than the EPA May 2010 
Industrial Soil RSL.  These 3 samples, along with the samples in the LADD, form a cluster 
of samples with Aroclor 1254 detections that are spatially bound by samples with no PCB 
detections (Figure H-389).  These detections may be related to auto fluff from the 
Schnitzer/Air Liquide Site that was disposed of on NL/Gould property.  These samples are 
located several hundred feet from the HA and IA samples with Aroclor 1254 detections, 
there are intervening samples with nondetected or much lower concentrations of Aroclor 
1254, and the 20 mg/kg concentration detected in sample CELL 627 represents a localized 
maximum concentration likely indicative of a release point.  

● Three surface samples and one field duplicate in the LADD (LADD-101, LADD-102 and 
duplicate, and LADD-104):  Aroclor 1254 detections at LADD-101 and LADD-104 does not 
exceed the EPA 2010 Industrial Soil RSL.  These samples are located in close proximity to 
other detections of Aroclor 1254 in the former Doane Lake area and are likely part of the 
cluster of PCB detections associated with historical NL/Gould activities.  These results are 
also separated from Aroclor 1254 detections in the former RP manufacturing area by both 
distance and the presence of intervening samples in which Aroclor 1254 was not detected.  
LADD sample locations were targeted along a potential transport pathway.  The lack of 
continuous PCB detections throughout the LADD area or the former Doane Lake area 
indicates there was no release of PCBs from the RP property to former Doane Lake or 
former WDL. 

● One sample collected from the HDD at 10 to 12 feet bgs (HDD-204):  The detected result 
of 0.221 mg/kg does not exceed the EPA 2010 Industrial Soil RSL, and PCBs were not 
detected in collocated samples collected at 0 to 2, 5 to 7, and 15 to 17 feet bgs.  This result 
is highly uncertain because the concentration is only 3 times the method detection limit and 
is less than the laboratory quantitation limit.  The only other detections of PCBs in HDD 
soils were detections of Aroclor 1260 in surface soils.  The detection of Aroclor 1254 in 
HDD-204 was separated from other Aroclor 1254 detections by a considerable distance.  
PCBs were not detected, or detections were different Aroclors, in intervening soil samples. 

Aroclor 1260: Aroclor 1260 was detected in 10 soil samples: 

● Eight surface samples from the HDD (HDD-203, HDD-205, HDD-206, HDD-208, HDD-209, 
HDD-211, HDD-212, and HDD-213):  The detected concentrations are all less than the 
EPA 2010 Industrial Soil RSL.  These reported Aroclor 1260 results in the HDD are 
spatially separated from other Aroclor 1260 detections at the RP property and vicinity by a 
considerable distance.  PCBs were not detected, or were detected as different Aroclors, in 
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intervening soil samples.  The relative proportion of PCB congener concentrations 
detected in Arkema catch basin sediments is consistent with the PCB congener 
composition of Aroclor 1260 in the HDD (Frame et al., 1997).  There are inadequate PCB 
data on Arkema Lot 1 to evaluate whether Arkema may have been the source of Aroclor 
1260 to HDD soil, but Arkema Lot 1 is the closest potential source area to the HDD. 

● One surface sample in the IA (IA-208):  The reported concentration of 1.2 mg/kg exceeds 
the EPA 2010 Industrial Soil RSL.  This sample had a much higher reported concentration 
of Aroclor 1242 and the detections may be the result of analytical interference.  This 
detection is limited to surface soil and is spatially isolated from any other detections of 
either Aroclor 1260 or Aroclor 1242 in any other environmental medium.  There is no 
evidence for transport within or from the RP property. 

● One surface sample in the former Doane Lake area (CELL 419):  The detected result of 2 
mg/kg exceeds the EPA 2010 Industrial Soil RSL.  This sample also had a reported result 
for Aroclor 1254 and is part of the cluster of Aroclor 1254 results that appears related to 
the NL/Gould Site. 

Figure H-389 in Appendix H illustrates the Aroclor data and demonstrate that the specific Aroclors 
present in environmental media in the RP property and vicinity differ spatially.  There is no evidence 
that historical RP operations are a source of PCBs to former Doane Lake or the River.  Further 
evidence supporting this lack of connection is discussed below for PCB congener data collected near 
the River. 

Six soil samples and one field duplicate were collected near the River on the BNSF and Arkema sites 
in August 2007 and analyzed for PCB congeners by EPA Method 1668A.  Detected PCB congener 
results are described below and depicted on Figures F-214 through F-231 in Appendix F.  The EPA 
2010 Industrial Soil RSL for total PCBs is 0.74 mg/kg. 

Congener Analysis 

The calculated total PCB concentrations range from 0.0114 mg/kg in the surface sample from 
BEACH-04 to 0.193 mg/kg in the sample collected from 1 to 1.5 feet bgs at BEACH-03.  Only the 
samples collected near the City Outfall 22B discharge channel have total PCB concentrations greater 
than the Portland Harbor sediment background concentration of 0.017 to 0.026 mg/kg (LWG, 2009).  
Elevated total PCB concentrations in beach soils near City Outfall 22B are likely attributed to 
background contribution from urban and industrial stormwater, not the RP property.   

8.10.4.3 Groundwater 

The nature and distribution of PCBs detected in groundwater provide evidence that PCBs detected in 
groundwater are related to distinct sources and that the RP property is not a source of PCBs in 
groundwater near NW Front Avenue or the River.  Aroclors were not detected in any of the 122 
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groundwater samples and 8 field duplicates collected from the RP property and vicinity between 1984 
and 2000.  Ultra-trace-level analysis for PCB congeners using HRMS was conducted at DEQ’s 
direction in 41 primary groundwater samples and 3 field duplicates collected between May 2009 and 
January 2010.  No other adjacent property has completed these types of analyses and, therefore, the 
evaluation of these data is incomplete for the RP property vicinity.  

Along with potential contributions from localized sources near former Doane Lake, atmospheric 
deposition and runoff from Highway 30 are probable sources of PCBs in groundwater.  All of the 
individual congener detections are low concentrations that do not exceed their respective EPA 2010 
Tap Water RSLs (where available; Tables E-2 and E-3 in Appendix E).  Total PCB concentrations 
also do not exceed the EPA Tap Water RSL of 1.70E-04 mg/L (Figures F-624 through F-627 in 
Appendix F).  Approximately half of the total PCB concentrations in groundwater at and in the vicinity 
of RP property are less than or within the range of total PCB concentrations in Doane Creek on the 
west side of Highway 30 (2.89E-07 to 6.41E-07 mg/L; LWG, 2008).   

The total PCB concentrations measured in the RI groundwater dataset are less than or approximately 
equivalent to: 

1. The total PCB concentrations measured in stormwater runoff from the St. John’s Bridge 
(8.20E-05 to 1.85E-04 mg/L) (LWG, 2008); 

2. The total PCB concentrations measured in stormwater runoff from Highway 30 at NW 
35th Avenue in NW Portland (1.34E-05 to 3.57E-05 mg/L) (LWG, 2008); and 

3. The range of Portland Harbor-specific wet deposition (approximately 5.00E-07 mg/L) and 
residential and industrial stormwater (approximately 1.00E-06 mg/L and 1.00E-04 mg/L, 
respectively; (Blischke, 2009). 

Evaluation of the individual PCB congeners detected in the RP RI groundwater dataset indicates non-
RP sources of PCBs to groundwater.  Many samples on the RP property and immediately 
downgradient have a higher proportion of the less chlorinated PCB congeners.  The highly chlorinated 
Aroclors 1254 and 1260 were two of the most widely available PCB Aroclors during the years of 
maximum production and use (Sather et al., 2001).  The predominance of lighter PCB congeners in 
RP property and immediate vicinity groundwater supports an anthropogenic atmospheric source of 
PCBs to groundwater rather than transport from a potential source area on the RP property.  
Atmospherically transported PCBs would be expected to be lighter and, therefore, more water soluble 
than PCBs from industrial point sources.   

Additionally, the distribution of the twelve coplanar PCB congeners considered to be “dioxin-like” by 
the WHO because of structural similarities to 2,3,7,8-TCDD (PCBs 77, 81, 105, 114, 118, 123, 126, 
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156, 157, 167, 169, and 189; Van der Berg et al., 2006) provides evidence for multiple PCB sources 
to RP and vicinity property groundwater.  This evidence includes the following: 

1.  Only seven of the coplanar PCBs (77, 105, 114, 118, 156/157 [coelution] 167, and 189) 
were detected in the RP RI groundwater dataset (Figures F-600 through F-623 in 
Appendix F), and the relative concentrations of these congeners are inconsistent with the 
reported distribution of these congeners in any Aroclor reported in the literature 
(Rushnek et al., 2004). 

2.  The only coplanar PCB detected in wells near the RP manufacturing area was PCB 77, 
which was detected at the MW-05 cluster in the HA and at the RP-15 cluster near the 
LADD/former WDL.  The lack of detections of other coplanar congeners in these samples 
is highly unusual, as PCB 105 and PCB 118 are the coplanar congeners reported to be 
typically present at the highest concentration in all Aroclors, except in Aroclor 1260 
where PCB 156 is present in higher concentration than PCB 77.  This unusual coplanar 
congener pattern suggests that the presence of PCBs in these samples is not associated 
with a release of any Aroclors in the immediate vicinity, and is likely related to other 
sources such as precipitation or runoff from Highway 30.  

3.  The groundwater sample with the highest total PCB concentration was collected from 
RP-17-25, located in a portion of the former Doane Lake area that received a variety of 
wastes from operations at the NL/Gould property.  The coplanar congeners detected in 
this sample include PCB 105, PCB 118, and PCB 156/157, but PCB 77 was not 
detected.  The presence of PCB 105, 118, and 156/157 is consistent with Aroclor 1258 
and 1260 detected in the soils located adjacent to NL/Gould and former Doane Lake.  In 
addition, the absence of PCB 77 indicates that PCBs present in this location originate 
from a source that is distinct from PCBs in the MW-05 and RP-15 well clusters and are 
not a result of transport of PCBs from the former RP manufacturing area. 

4.  The coplanar PCB congeners detected in groundwater samples collected along N.W. 
Front Avenue and on the Arkema Site are also distinct from those detected in 
groundwater near the former RP manufacturing area.  Coplanar PCBs were either not 
detected in samples along NW Front Avenue and on the Arkema Site, or the detections 
included some combination of PCBs 105, 118, and 156/157.  PCB 77 was not detected 
in these samples, which is significant because it was the only coplanar congener 
detected in groundwater samples collected from the MW-05 and RP-15 well clusters 
near the former RP manufacturing area.  

Like soils, these differences in the nature of PCBs present in different areas of the RP property and 
vicinity indicate that the PCBs originate from multiple sources related to localized activities or 
conditions.  There is no evidence that historical RP operations are a source of PCBs to former Doane 
Lake or the River.  The differences in the distribution of Aroclor and coplanar congeners in the RP 
property and vicinity are consistent with expected behavior of PCBs in environmental media, 
especially groundwater.  As is the case for PCDDs/PCDFs, PCBs are expected to partition to solids in 
the soil-groundwater system and become relatively immobile.  Conditions in the groundwater system 
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at the RP property vicinity favor formation of large iron precipitates that trap PCBs and other non-
volatile organic constituents and prevent transport in the groundwater system.  

8.10.4.4 Sediment/Surface Water/Biota 

The following sections describe PCB distribution in NDL and former WDL sediment, surface water, 
and biota (NDL only).  The distributions of total PCBs as Aroclors or congeners are presented in 
Figures F-1072 through F-1077 in Appendix F for sediment and Figure F-949 in Appendix F for 
surface water.  Samples from the NDP have not been analyzed for PCBs as Aroclors or congeners. 

Sediment:  None of the NDL sediment samples were analyzed for PCBs.   

NDL  

Surface Water:  PCBs were not detected in the three surface water samples collected from NDL in 
1995 and analyzed for PCB Aroclors.    

Biota:  Seventeen fish tissue samples and one amphibian (non-native juvenile bullfrog) tissue sample 
collected from NDL in June 2006 were analyzed for PCBs as congeners.  Total PCB concentrations 
detected in tissue samples range from 0.0383 mg/kg in the juvenile bullfrog tissue to 0.822 mg/kg in 
adult large scale sucker tissue.  

A comparison of brown bullhead and carp tissue data from NDL and the River indicates that fish 
tissue in NDL exhibits lower PCB concentrations (AMEC, 2010p), indicating that PCB sources in the 
vicinity of NDL are not responsible for the magnitude of PCBs detected in fish collected from the 
River.  In particular: 

● In adult brown bullhead, the total coplanar PCB TEQ from NDL fish tissue is 1.30E-06 
mg/kg, whereas the concentration in Portland Harbor fish tissue is 1.70E-05 mg/kg. 

● The maximum concentration of total adjusted PCB congeners (total PCBs with the 
concentrations of coplanar PCBs removed) in brown bullhead from Portland Harbor is two 
orders of magnitude higher than the maximum concentration of total adjusted PCB 
congeners in brown bullhead from NDL (1.9 mg/kg versus 0.08 mg/kg). 

● In carp, the total coplanar PCB TEQ was one order of magnitude less in tissue from NDL 
(3.90E-06 mg/kg maximum concentration) than it was in tissue from Portland Harbor 
(1.00E-05 mg/kg maximum concentration). 

● The maximum concentration of total adjusted PCB congeners was also two orders of 
magnitude lower in carp from NDL (0.032 mg/kg) than it was in carp from Portland Harbor 
(1.3 mg/kg). 
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PCBs in biota residing in NDL are likely attributable to atmospheric deposition, runoff from Highway 
30, or another industrial source, and not the RP property.  Potential sources of PCBs on the RP 
property are distant from NDL, and there is no evidence for downgradient transport of PCBs from the 
RP property in groundwater.   

The following discussion of PCB distribution in former WDL media is based on pre-IRAM conditions.  
Completion of the WDL IRAM  eliminates a complete exposure or transport pathway for PCBs from 
former WDL. 

Former WDL 

Sediment:   Thirty-six sediment samples and one field duplicate collected from former WDL between 
2002 and 2006 were analyzed for Aroclors, and two sediment samples collected from former WDL in 
August 2008 were analyzed for congeners.  The following sections describe the distribution of PCBs 
detected in former WDL sediment. 

● Aroclor 1242: Aroclor 1242 was detected in five former WDL sediment samples.  Detected 
concentrations range from 0.36 mg/kg at TS-3 to 16 mg/kg at W015 (1 to 2 feet bwsi).  
Aroclor 1242 detections are limited to the central portion of former WDL, near the 
RP/ESCO property line.  Only one soil sample from the RP property (IA-208) had a 
reported result for Aroclor 1242; the former WDL samples are separated from the IA-208 
sample by a considerable distance.  PCBs were not detected, or were detected as different 
Aroclors, in intervening soil samples. 

● Aroclor 1248: Aroclor 1248 was detected in six former WDL sediment samples and one 
field duplicate.  Detected concentrations range from 0.114 mg/kg in sample W-203-S (5 to 
6.5 feet bwsi) from the central portion of the former lake to 13.9 mg/kg in sample W-101-S 
(0 to 0.5 feet bwsi) from the southern portion of former WDL.  Aroclor 1248 was detected in 
isolated locations throughout the southern and central portions of former WDL, and was 
detected in a single sample in the LADD -103.  Aroclor 1248 was not detected in samples 
collected from the former RP manufacturing area, nor was it detected in LADD area 
samples surrounding the isolated detection in sample LADD-103.  Therefore, there is no 
evidence for transport of Aroclor 1248 from the RP property to former WDL or the LADD. 

● Aroclor 1254: Aroclor 1254 was detected in former WDL at a concentration of 4.84 mg/kg 
in WDL-101-S (4 to 6 feet bwsi) from the southern portion of the former lake.  This sample 
is located near soil samples with reported Aroclor 1254 results that are likely related to 
historical operations at the NL/Gould Site, as discussed in Section 8.10.4.2 for soil results.  

● Aroclor 1260: Aroclor 1260 was detected once in former WDL sediment at a concentration 
of 0.0309 mg/kg in WDL-103-S (7.5 to 9 feet bwsi), from the central portion of the former 
lake.  This sample is separated from the one Aroclor 1260 soil detection in the RP 
manufacturing area (IA-208) by a considerable distance.  PCBs were not detected or were 
detected as different Aroclors, in intervening soil samples.  Therefore, there is no evidence 
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to support historical RP operations as the source of Aroclor 1260 detected in former WDL 
sediments.  

● Congener analysis: Two former WDL sediment samples collected in 2006, TS-1 and TS-2, 
were analyzed for PCB congeners as well as Aroclors.  Several individual congeners were 
detected in each sample, but none of the detected concentrations exceed their respective 
EPA 2010 Industrial Soil RSLs (Table E-6 in Appendix E).  The calculated total PCB 
concentrations of 1.25 mg/kg in TS-1 and 5.13 mg/kg in TS-2 both exceed the EPA 2010 
Industrial Soil RSL of 0.74 mg/kg.  TS-1 was collected in the southern portion of former 
WDL.  PCB Aroclors were not detected in this sample, although the relative proportion of 
PCB congener concentrations is consistent with Aroclor 1248 (Frame et al., 1997), which 
was detected in surface sediment from samples WDL-101-S and WDL-201-S.  TS-2 was 
collected from the central portion of former WDL and Aroclor 1242 was detected in the 
sample from TS-2 collected in 2006.  The relative proportion of PCB congener 
concentrations detected in the 2008 sample from TS-2 is consistent with the PCB 
congener composition of Aroclor 1242 (Frame et al., 1997), which was detected in the 
2006 sample from the same location. 

The distribution of Aroclor and PCB congener results in sediment suggests multiple, distinct sources 
to former WDL.  Locations with detected PCB results are separated by locations where PCBs have 
not been detected (Figure H-389 in Appendix H), indicating that PCBs had not been transported 
throughout the former lake after initial deposition. 

Surface Water:  None of the former WDL surface water samples were analyzed for PCBs. 

8.10.4.5 Stormwater/Non-Stormwater and Storm Sewer Sediment Samples 

Non-stormwater samples collected from the City Outfall 22B storm sewer system in September 2004, 
December 2006, February and October 2007, February and June 2008, and May 2009 were analyzed 
for PCBs.  Sediment cleanout samples collected from the City Outfall 22B system in November 2006 
and September and October 2009 were also analyzed for PCBs (Section 5.3).   

One non-stormwater sample at City Outfall 22C collected in July 2009 was analyzed for PCBs.  
Sample locations are presented on Figure 4-I and distribution of total PCBs is presented in Figure F-
1168 in Appendix F.   

Differences in the concentrations and distributions of PCBs present in the City Outfall 22B storm 
sewer system indicate that the PCBs originate from multiple sources related to localized activities or 
conditions, as well as anthropogenic background contribution in stormwater or through atmospheric 
deposition.  There is no evidence to suggest RP operations are a source of PCBs to the City Outfall 
22B system.   

City Outfall 22B 



 

AMEC Earth & Environmental, Inc. 
388 Project No.:  0-61M-107030/Phase 0104/T6 
 K:\10000\10700\10703\0100 RI-FS-ROD\0104 RI Report\Draft RI\RI-SCE Report.Docx 

Non-stormwater Samples:  Aroclors were not detected in any of the non-stormwater samples 
collected from the City Outfall 22B storm sewer system in September 2004.  Aroclors were not 
analyzed in subsequent non-stormwater samples.  The detection limits for Aroclor analysis are 
generally several orders of magnitude greater than the detection limits for congener analysis.  
Therefore, the very low PCB concentrations detected by congener analysis described below were not 
replicated in Aroclor analysis. 

All PCB congener concentrations detected in City Outfall 22B non-stormwater samples were below 
EPA 2010 Tap Water RSLs and within the range of Portland-specific residential and industrial 
background stormwater concentrations (Blischke, 2009).  The total PCB congener concentrations for 
City Outfall 22B system non-stormwater samples are low (ranging from 2.03E-07 to 2.82E-06 mg/L; 
Table C7-7 in Appendix C) and are less than the total PCB concentrations measured in runoff from 
the St. John’s Bridge (8.20E-05 to 1.85E-04 mg/L) and Highway 30 at N.W. 35th Avenue (1.34E-04 to 
3.57E-04 mg/L) (LWG, 2008).  The PCBs in Outfall 22B stormwater are likely associated with 
precipitation and urban runoff, and possibly inflow of soils from surrounding properties in stormwater, 
which were deposited in the City Outfall 22B system, and transported by non-stormwater flow. 

Multiple congeners were detected in each of the non-stormwater samples collected from the following 
locations:  City Outfall 22B, selected manholes in the City Outfall 22B system, and groundwater 
infiltration samples ANF217 and ANF 220 collected from a water seep and infiltration flowing into 
Outfall 22B storm sewer system catch basins along N.W. Front Avenue and NL/Gould property 
manhole MH-4 (prior to discharge to the City Outfall 22B storm sewer system).   

The distribution of the 12 coplanar PCB congeners provides evidence for multiple PCB sources to the 
City Outfall 22B storm sewer system.  This evidence includes the following: 

1.  Only five of the coplanar PCBs (105, 118, 156/157 [coelution], and 189) were detected in 
the City Outfall 22B non-stormwater dataset (Figures F-1160 through F-1164 in Appendix 
F).  The lack of detection of other coplanar congeners in these samples is highly unusual 
because literature suggests that the majority of the coplanar PCB congeners are present 
in all PCB Aroclors (Rushnek et al., 2004).  The limited coplanar congeners present 
demonstrate that the source of these PCBs is not local release of Aroclor. 

2.  PCB 77 was not detected in any City Outfall 22B manhole or outfall non-stormwater 
samples, although this was the only coplanar PCB detected in wells near the RP 
manufacturing area (Section 8.10.4.4).  The absence of PCB 77 indicates that PCBs in 
the City Outfall 22B system originate from a source that is distinct from PCBs in the MW-
05 and RP-15 well clusters, and are not a result of transport of PCBs in groundwater 
from locations near the former RP manufacturing area. 
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3.  The coplanar PCB congener composition and concentrations detected in Artificial Fill 
groundwater samples collected along NW Front Avenue and on the Arkema Site are 
similar to those detected in City Outfall 22B non-stormwater (Figures F-600 through F-
623 and F-1160 through F-1167 in Appendix F).  This indicates that PCBs in 
groundwater are entering the City Outfall 22B storm sewer system from surrounding sites 
and N.W. Front Avenue.  Likely sources of PCBs to the Outfall 22B system include runoff 
from N.W. Front Avenue, infiltration of groundwater carrying PCBs from adjacent 
properties, historical discharges from surrounding properties (such as NL/Gould) to 
former Doane Lake, and documented historical PCB use and potential releases on the 
Arkema and Schnitzer/Air Liquide Sites (Section 3.2). 

Sewer Cleanout Sediments: PCB concentrations detected in City Outfall 22B storm sewer cleanout 
samples indicate that the PCBs originate from multiple sources related to localized activities or 
conditions.  There is no evidence to suggest historical RP operations as a source of PCBs to the City 
Outfall 22B system. 

Aroclors were not detected in cleanout sediment sample IDW-270, collected between MH-10 
(between the Schnitzer/Air Liquide and Arkema properties near N.W. 61st Avenue) and MH-5 (near 
the Guilds Lake pumping station) in November 2006 (Table C10-7 in Appendix C).  Aroclor 1260 was 
detected at a concentration of 0.954 mg/kg in sewer cleanout sediment sample IDW-271, collected 
between MH-5 and City Outfall 22B in November 2006.  No other Aroclors were detected in the 
sample.     

Samples from City catch basins AND878 and AND879, adjacent to Arkema and until recently 
receiving flow from Arkema, were sampled in March 2010 (AMEC, 2010r).  A preliminary review of the 
PCB congener results from these samples suggests the Arkema Site is a likely source of Aroclor 1260 
in City Outfall 22B sediment sample IDW-271.  The relative proportion of PCB congener 
concentrations detected in Arkema catch basin sediments is consistent with the PCB congener 
composition of Aroclor 1260  (Frame et al., 1997),  Aroclor 1260 was also detected in soil samples 
collected in 2004 from the HDD, adjacent to the Arkema Site.  The presence of the same Aroclor in 
multiple locations on or adjacent to the Arkema Site suggests the Arkema Site as a potential source of 
Aroclor 1260 in the HDD and to the City Outfall 22B storm sewer system. 

Sediment cleanout samples collected in 2009 (IDW-333,-334,-335-337, and -339) were analyzed for 
Aroclors for the purpose of waste characterization only.  The Aroclor results for these samples were 
not validated.  Aroclors 1248, 1254, and 1260 were detected in samples from the City, Metro, and 
Metro/Schnitzer lines at concentrations ranging from 0.062 to 0.254 mg/kg, with the highest 
concentrations in the City sample.  The Schnitzer sample (IDW-337) had detections of Aroclors 1260 
and 1254 at 0.086 and 0.123 mg/kg, respectively.  Aroclor 1262, which could be weathered Aroclor 
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1260, was the only Aroclor detected in the NL/Gould sample at 0.199 mg/kg and was only detected at 
NL/Gould.   

Multiple PCB congeners were detected in each of the cleanout sediment samples collected in 2009.  
The sample from the City portion of the storm sewer system (IDW-333) had the greatest Total PCB 
congener result at 0.971 mg/kg.  Total PCB concentrations in the City Outfall 22B sediment samples 
from the Metro and Schnitzer properties (IDW-334, -337, -338) ranged from approximately 0.483 to 
0.759 mg/kg.  Total PCBs from the NL/Gould Outfall 22B sediment sample (IDW-335) was an order of 
magnitude lower, at 0.05 mg/kg.   

There is no indication that the RP property is a source of PCBs to the City Outfall 22C storm sewer 
system.  A sample of non-stormwater discharging from City Outfall 22C at the River was collected in 
July 2009 and analyzed for PCB congeners.  Individual PCB congeners were detected in this sample, 
and the total PCB concentration was 1.42E-07 mg/L.    

City Outfall 22C 

Evidence for multiple, non-RP PCB sources to the City Outfall 22C storm sewer system includes the 
following: 

1.  There is no evidence that the RP property is a source of PCBs in NDL and no evidence 
of transport of PCBs in groundwater from the RP property to the City Outfall 22C storm 
sewer system.  PCB congeners detected on the RP property are not continuous to these 
areas and do not have the same distribution of Aroclors, and groundwater from the RP 
property is not intercepted by the 22C storm sewer system.  

2.  The total PCB concentration detected in non-stormwater discharge at City Outfall 22C is 
greater than the total PCB concentrations measured in Doane Creek upgradient of 
Highway 30 (2.89E-07 to 6.41E-07 mg/L; LWG, 2008) but is significantly less than the 
PCBs in stormwater runoff from Highway 30 at NW 35th Avenue (1.34E-05 to 3.57E-05 
mg/L) (LWG, 2008).  Runoff from Highway 30 into Doane Creek and the City Outfall 22C 
storm sewer system is likely a significant contributor to the City Outfall 22C storm sewer 
system, as evidenced by the differences in total PCB concentrations measured 
upgradient and downgradient of the highway. 

8.10.5 Fate and Transport of PCBs in Environmental Media in the RP Property Vicinity 
The distribution of PCBs in environmental media at the RP property and vicinity demonstrates the lack 
of ongoing transport of PCBs.  Similar to PCDDs/PCDFs, the environmental fate and transport of 
PCBs is controlled by the following factors: 

1.  Low aqueous solubility; 

2.  A strong tendency to bind to particulate matter; and   
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3.  Low susceptibility to degradation through biological or chemical pathways. 

While resistance to degradation results in persistence of PCBs in the environment, low aqueous 
solubility and high particle affinity result in PCBs being relatively immobile in the absence of high 
physical energy environments that cause movement of soil or sediment particles to which PCBs are 
bound.  Outside of high energy environments, PCBs remain near the point of release.   

The specific mechanism that results in attenuation or transport of PCBs depends on the nature and 
location of the release.  In cases where PCBs are released to surface water, soil, or soil-groundwater 
systems, the tendency of these constituents to partition onto particulate matter results in the PCBs 
becoming adsorbed onto the soil particles.  Transport of the PCBs is possible if the particles to which 
the PCBs are bound are transported by physical processes.   

There is no indication in the soil data that PCBs are or historically have been transported from the RP 
property to vicinity properties, including those which now occupy the footprint of former Doane Lake.  
PCB detections in soil are sporadic, with PCB detections interspersed within large areas without PCB 
detections.  Detected PCB Aroclor composition varies spatially as well.  The isolation of PCB 
detections and varying Aroclor compositions indicate that there were potentially a few, localized 
releases of PCBs to soil on the RP property.  The distribution of PCB Aroclor and congeners in 
environmental media moving away from the RP manufacturing area demonstrates that the PCBs in 
different areas originate from distinct localized sources not related to former RP operations. 

The specific nature of the transport mechanisms involved and their role in the distribution of PCBs at 
the RP and vicinity properties vary by medium affected.  Section 8.10.6 provides a discussion of these 
transport mechanisms as they affect each individual potential transport pathway. 

8.10.6 Summary of Transport Pathways 
8.10.6.1 Groundwater  

The transport of PCBs in the groundwater system is expected to be consistent with that of 
PCDDs/PCDFs, where some transport may occur soon after a release, but transport decreases 
significantly with time as the PCBs become strongly particle-associated from iron complexation and 
precipitation.  The same geochemical controls in the soil-groundwater system that would trap 
PCDDs/PCDFs in precipitated iron complexes would be expected to trap PCBs and prevent their 
movement.   

PCBs were not detected in the RP RI groundwater dataset in samples analyzed using Aroclor-specific 
methods.  PCBs were detected in groundwater samples analyzed using congener-specific, ultra-trace 
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HRMS methods; however, total PCB concentrations did not exceed the EPA 2010 Tap Water RSL of 
1.70E-04 mg/L.  In addition, the distribution of individual congener patterns in the RP RI groundwater 
data demonstrate that PCBs detected in groundwater near the former RP plant area are distinct from, 
and unrelated to PCBs detected in other areas of the RP property and vicinity.  The data do not 
support the presence of potential source areas on the RP property (Section 8.10.4), nor do they 
support downgradient transport of PCBs in groundwater from the RP manufacturing area.  Sources of 
PCBs to groundwater on the RP and vicinity properties include atmospheric deposition, urban runoff, 
and historical activities at other properties.   

8.10.6.2 Surface Water, Sediment, and Stormwater/Non-stormwater 

Former Doane Lake/Former WDL: Completion of the WDL IRAM eliminates a future complete 
transport pathway or exposure to PCBs from former WDL.  Historically, the spatially isolated and 
varying composition of PCB Aroclors detected in former WDL indicate multiple sources of PCBs to 
former Doane Lake, including the former WDL remnant.  Due to the strong tendency of PCBs to 
partition to sediments and other solids, former WDL served as a trap for PCBs as water velocity 
decreased and there was no outlet from former WDL.  Therefore, former WDL represented the end 
location for those PCBs. 

NDL: There is no known source of PCBs from the RP property to NDL, and PCB congener data 
provide no evidence that PCBs are transported in groundwater from the RP property to NDL.  Likely 
sources of PCBs to NDL include atmospheric deposition and runoff from Highway 30 (Section 8.10.3).  
During high rainfall events, water flows from NDL into the NDP, which subsequently drains into City 
Outfall 22C.  Therefore, PCBs present in NDL may be transported through flow into the City Outfall 
22C storm sewer system or groundwater.  Significant transport of PCBs through these pathways is 
not expected to occur because of the tendency of PCBs to bind to particulate matter instead of being 
transported through water.     

HDD:   The HDD does not represent a transport pathway for PCBs from the RP property.  Section 
7.2.4 describes the potential for HDD as an historical pathway between former Doane Lake and the 
River.  There are no known sources of PCBs from the RP property to the HDD.  The Aroclor 1260 
results in the HDD are spatially separated from other Aroclor 1260 detections at the RP property and 
vicinity by a considerable distance.  PCBs were not detected, or were detected as different Aroclors, 
in intervening soil samples.  The relative proportion of PCB congener concentrations detected in 
Arkema catch basin sediments is consistent with the PCB congener composition of Aroclor 1260  
(Frame et al., 1997), indicating that Arkema may have been the source of Aroclor 1260 to HDD soil.   
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Stormwater/Non-stormwater: PCBs were detected in sediment and non-stormwater within the City 
Outfall 22B storm sewer system at concentrations consistent with anthropogenic industrial 
background levels for the Portland Harbor area (Section 8.10.4.1).  This may be a result of infiltration 
of sediment and groundwater with suspended sediment from the area immediately adjacent to former 
Doane Lake.  It is also likely a result of overland transport to catch basins along N.W. Front Avenue or 
from properties with connections to the City Outfall 22B system.  PCBs have been detected in catch 
basin sediment and stormwater downstream from the Arkema property along N.W. Front Avenue.  
The source of these PCBs is not the RP property, as there is no historical or current complete 
migration pathway from the RP property to these locations based on sporadic, isolated, limited low-
level detections of different congener patterns on RP property.  Potential groundwater and sediment 
infiltration has been significantly reduced and will be eliminated by the City Outfall 22B Expanded 
IRAM completion, but non-RP-related sources of PCBs to the City Outfall 22B storm sewer system 
will need to be controlled by others to prevent further migration of PCBs to the River.  

Potential PCB sources to the City Outfall 22B storm sewer system include precipitation and N.W. 
Front Avenue urban/roadway runoff, Schnitzer (auto fluff, likely transformers, documented PCBs in 
soil), NL/Gould (cable sweating, likely transformers), and Arkema (tank of waste oils and sludge 
containing PCBs, BPA substation, likely transformers). 

Likely sources of PCBs to the City Outfall 22C storm sewer system include atmospheric deposition 
and runoff from Highway 30 into Doane Creek and NDL (Section 8.10.4.6).  PCBs that may be 
transported to City Outfall 22C via stormwater and non-stormwater are not from an RP source area. 

8.11 TOTAL PETROLEUM HYDROCARBONS 

TPH are defined as the measurable amount of mixtures of petroleum-based hydrocarbons 
(substances with hydrogen-carbon bonds) in an environmental medium.  TPH results are gross 
measurements of mixtures of individual petroleum compounds with no identification of the specific 
individual constituents present (ASDR, 1999c) and compounds with boiling points within a petroleum 
product range. 

TPH may be reported as gasoline-range organics (GRO), diesel-range organics (DRO), or residual-
range organics (RRO), depending on the analytical method and the carbon chain length or molecular 
weight of the hydrocarbon materials present.  Results reported in this way are based on the amount of 
material in the sample roughly falling within the boiling point range of the identified petroleum product.  
Identification of TPH is complicated by multiple factors.  These factors include but are not limited to: 
the composition of the source oil; the composition of the original petroleum hydrocarbon product (i.e., 
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which boiling point range and chemical class [e.g., alkanes or aromatics] was targeted during the 
refining process); the presence of hydrocarbons from more than one product; and how the petroleum 
hydrocarbon mixture changes with use or over time because of physical, chemical, and biological 
processes.   

The most significant limitation of the TPH analyses is that the method does not discriminate between 
petroleum hydrocarbons and other chemicals whose boiling points fall within a petroleum product’s 
range.  All volatile and semivolatile organic chemicals with boiling points within the specified range for 
a given product type will be detected by the nonselective detector used in analytical methods for TPH.  
Non-petroleum compounds, if present, contribute to the amount of material measured and cause 
either the TPH result to be biased high or TPH to be reported when petroleum hydrocarbons are not 
present at all. 

The chromatograms from historical TPH analyses performed on samples collected from the RP 
property and vicinity properties show that many of the TPH results were only apparent detections and 
were not indicative of the presence of petroleum products.  Apparent TPH detections are attributable 
to the presence of other compounds, such as chlorinated benzenes, phenols, phthalates, or other 
compounds that were present in the sample.  All of these substances are measured and reported as 
TPH using the standard methodology, even though they are not actually TPH.  The presence and 
distribution of these interfering substances, where these substances could be identified from the 
chromatograms, are discussed in Section 8.11.4.   

Actual TPH detections (detections of material with a chromatographic pattern corresponding to that of 
a petroleum hydrocarbon product) are found in isolated locations close to likely source areas.  The 
actual TPH results from the RP RI datasets indicate multiple petroleum sources.  The available data 
demonstrate no downgradient migration of actual TPH from RP source areas, likely because of the 
ready biodegradability of most petroleum hydrocarbons and the tendency of heavier petroleum 
hydrocarbons to adsorb to formation materials.  The distribution of actual TPH detections 
demonstrates that there are also no continuous transport pathways for TPH between the RP property 
and the River.  Most TPH results for groundwater samples between the RP plant area and the River 
are false positives related to the presence of DCBs, which elute in the diesel range in TPH analysis 
and which give a measureable response on the flame ionization detector (FID). 

8.11.1 Physical Properties/Environmental Fate 
TPH is often reported as gasoline-range organics (GRO), diesel-range organics (DRO), or residual-
range organics (RRO), depending on the analytical method and the carbon chain length or molecular 
weight of the hydrocarbon materials present.  Results are based on the amount of material in the 
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sample roughly falling within the boiling point range of the identified petroleum product.  Identification 
of TPH is complicated by multiple factors.  These factors include but are not limited to: the 
composition of the source oil; the composition of the petroleum hydrocarbon product (i.e., the boiling 
point range and chemical class [e.g., alkanes or aromatics]); multiple hydrocarbons in a product; and 
the change in petroleum hydrocarbon mixtures with use or time because of physical, chemical, and 
biological processes. 

The three broad categories of TPH have the following characteristics:  

● GRO generally span the range between C4 and C10 to 12, with an approximate boiling 
point range from 30 to 35 degrees Celsius (°C) to 180 to 200°C (API, 1994; Marchal et al., 
2003).  General hydrocarbon distribution for GRO is: 4 to 9% n-alkanes, 2 to 5% alkenes, 
25 to 40% isoalkanes, 2 to 7% cycloalkanes, and 14 to 50% other aromatics (IARC, 1989).  
GRO are approximately 96% biodegradable, with trimethyl alkanes being the fraction most 
resistant to biodegradation (Marchal et al., 2003). 

● DRO generally span the range between C8 to 12 and C24 to 26, with an approximate 
boiling point range of 170 to 180°C to 380 to 430°C (API, 1994; Marchal et al., 2003).  
General hydrocarbon distribution for DRO is: 64% straight chain alkanes and cycloalkanes, 
1 to 2% alkenes, and 35% aromatic hydrocarbons (IARC, 1989).  DRO are approximately 
30% less biodegradable than GRO (Marchal et al., 2003) because of the relatively high 
percentages of cycloalkanes and branched alkanes. 

● RRO represent the heaviest hydrocarbon fraction and generally span the range between 
C15 and C50, with an approximate boiling point range between 430°C and 525°C (API, 
1994).  Fuel oil #6, bunker C, and asphalts fall within this range.  RRO are more complex 
and contain more impurities than distillates such as gasoline and diesel.  RRO are non-
volatile, generally insoluble, and more likely to adsorb to particulate matter than DRO or 
GRO. 

In general, the lighter the TPH fraction, the more volatile it will be and the more likely it is to contain 
water soluble components.  Lighter petroleum products such as GRO typically evaporate in air, and 
will migrate through soil to air or to groundwater.  The heavier the TPH fraction, the lower the volatility, 
and the more likely it is to adsorb to particles, minimizing movement in the subsurface.  Heavier 
petroleum products such as DRO and RRO are less likely to migrate from soil to air, or from soil to 
groundwater, but can be persistent in the environment (Stelljes and Watkin, 1991).  

8.11.2 Data 
TPH data from multiple media were collected for the RP RI between 1994 and January 2010.  A 
summary of the available data sets and a discussion of the usability of the TPH results is presented in 
the next sections. 
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8.11.2.1 Data Sets 

NAPL, soil, groundwater, sediment, surface water, stormwater, and non-stormwater flow were 
sampled and analyzed for TPH.  A total of 1,064 samples including field duplicates were analyzed for 
TPH and results are presented in Appendix C, in tables, and in Appendix F, in figures as indicated 
below. 

● Soil:  Table C-10; Figures F-0238 to F-0240 

● Groundwater:  Table C2-10 and Figures F-0632 to F-0635 (monitoring wells); Table C3-12 
and Figure F-0801 (temporary borings) 

● Sediment and surface water:  Table C7-10 and C5-11; Figures F-0951 and F-1080  

● Stormwater/Non-stormwater: Table C8-11; Figure F-1170 

● NAPL:  Table C4-8; Figure F-0881 

● Storm Sewer Cleanout Sediment: Table C10-10 

8.11.2.2 Data Usability 

TPH analysis is subject to interferences from chemicals with hydrogen-carbon bonds that are 
detected by the nonselective analytical method used to test for TPH.  These non-petroleum 
hydrocarbons contribute to the amount of TPH detected, often causing TPH to be reported at much 
higher levels than are actually present, or to be reported when TPH is not present at all.  An 
evaluation of the TPH results in the RP RI data set was completed and is presented as part of nature 
and extent discussion for each media. 

The following sections provide information on why detections from TPH analyses are not necessarily 
representative of petroleum hydrocarbons and how chromatographic interpretation is used to 
determine whether a TPH result represents petroleum hydrocarbon or non-petroleum hydrocarbon 
interference.  Available chromatograms were reviewed to evaluate the type and distribution of 
petroleum hydrocarbons.  The review was designed to differentiate between detections of actual 
petroleum products and results attributable to interfering non-petroleum derived compounds.  The 
chromatogram review revealed that much of the TPH data were false positives or had high bias as a 
result of non-petroleum compounds detected and measured in the TPH ranges.   

The most commonly used TPH analytical method is EPA Method 8015 or modifications of the method 
such as DEQ/Ecology Methods NWTPH-Gx, NWTPH-Dx, and the screening method NWTPH-HCID.  

TPH Analytical Methods  
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Sample preparation techniques for these analyses are different; however, once the samples are 
introduced to the gas chromatograph (GC), analysis proceeds in the same manner. 

For GRO analyses, Methods 8015 and NWTPH-Gx specify that samples are prepared using purge 
and trap.  The water sample, soil mixed with analyte-free water, or a methanol extract of a soil mixed 
with analyte-free water, is purged with an inert gas to carry volatile organic constituents onto a sorbent 
trap.  The sorbent trap is then rapidly heated and desorbed to the inlet of a gas chromatograph and 
then onto an analytical column for chromatographic separation prior to quantitative determination. 

For DRO and RRO analyses, Methods 8015 and NWTPH-Dx, samples are prepared by extracting soil 
or water samples with an organic solvent, typically methylene chloride.  The resulting extract is then 
concentrated, either using heat to boil off the excess solvent, or using a steam of inert gas such as 
nitrogen to evaporate the excess solvent.  The concentrated extract is then injected to the inlet of a 
gas chromatograph and then onto an analytical column for chromatographic separation prior to 
quantitative determination. 

The hydrocarbon identification analysis (HCID) method is primarily a screening method to determine 
the presence and nature of petroleum contamination.  Quantitative results are estimates.  Samples 
undergo a similar extraction technique to DRO and RRO analyses; however, the extraction is less 
robust than the one specified for DRO and RRO analysis.  Smaller sample volumes than those 
specified for DRO and RRO analyses are used for water samples, and extracts from soil samples are 
not concentrated.  Similarly to DRO and RRO analyses, the HCID extract is injected onto the inlet of a 
gas chromatograph. 

For all TPH analyses, detection and quantification of chromatographic separation is accomplished 
using an FID.  An FID consists of a hydrogen/air flame and a collector electrode.  Organic molecules 
pass through the flame and are broken down into ions.  The ions are then collected on the electrode, 
resulting in a measurable electrical signal.  FIDs are nonselective detectors and cannot distinguish 
between target and non-target analytes.  Poor chromatographic resolution is also common for 
petroleum products due to the large number of individual compounds in the products (EPA, 2007a).  

TPH is quantified by integrating all peaks and the envelope of unresolved complex material 
(commonly referred to as the “UCM” or “hump”) within a defined retention time range to a common 
baseline.  Retention time ranges can be defined using method-specified alkane markers, as in EPA 
Method 8015C, or by using specific products as standards to establish the time range and 
chromatographic pattern of each.  The NWTPH-Gx method does recognize that non-petroleum 

Quantification 
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material may interfere and allows for the subtraction of the areas of interfering compounds from the 
total prior to TPH quantification.  This adjustment option is not included in the NWTPH-Dx method.  
The NWTPH method for diesel specifies that, as well as the UCM, all discrete peaks with areas 
greater than or equal to 10% of the largest peak must be included in the integration. 

For GRO, DRO, and RRO analyses, the integrated area is quantified against a multi-point calibration 
curve that either represents the specific hydrocarbon found in the sample, or the generic hydrocarbon 
ranges defined by gasoline, diesel fuel, and motor oil.  HCID analysis does not require multi-point 
calibrations because it is a screening procedure only.  HCID analysis results are reported as 
“detected” or “not detected”, based on whether the integrated area measured in a sample is less than 
or greater than the area measured in a single analyte-specific calibration point.  Detections from HCID 
analyses are generally followed by the appropriate GRO, DRO, or RRO analyses.   

FIDs are nonselective detectors for analytes with hydrogen-carbon bonds; therefore, any purgeable 
organic analyte with a retention time in the GRO retention time range would positively interfere by 
adding area to the TPH chromatogram and thereby adding to the amount of TPH that would be 
reported for that sample.  Site-specific compounds that would create high bias or false positives for 
GRO range TPH include chlorinated hydrocarbons such as trichloroethene, tetrachloroethene, and 
chlorinated benzenes.  Similarly, any extractable organic analyte with a retention time in the DRO or 
RRO retention time ranges, such as chlorinated benzenes, phenol and chlorinated phenols, PAHs, 
and phthalates, would positively interfere with DRO or RRO analyses.  Without inspecting the 
chromatograms from the TPH analysis, it is not possible to determine whether a TPH result is only 
TPH, TPH plus an interfering substance, or just interfering substances without actual TPH.  

Interferences 

There is no way to remove interference from purgeable substances in GRO analysis, but it is possible 
to remove some polar compounds from DRO and RRO analyses using concentrated acid and silica 
gel.  This cleanup procedure is an optional component of NWTPH-Dx method, but it is prone to 
causing additional interference if not performed correctly.  If the acid from the cleanup procedure is 
not completely removed from the sample extract, it is possible for the acid to break down the 
analytical column, releasing siloxanes.  The siloxanes would then raise the chromatographic baseline, 
resulting in high analytical bias.   

The chromatogram for each type of TPH (GRO, DRO, and RRO) has a typical appearance.  
Deviations from these typical curves allow the identification of interferences from non-TPH 
compounds and, therefore, allow an assessment of the reliability of analytical results.  

Chromatographic Profiles 
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Chromatograms for gasoline detections consist of regularly spaced sharp alkane peaks, interspersed 
with peaks from minor constituents (such as alkenes or aromatics), that bunch together early in the 
chromatographic range (Figure H-29 in Appendix H).  Non-petroleum hydrocarbon interferences that 
create false positives or high bias are indicated when a fewer number of peaks are present or when 
large peaks that are out of scale relative to other chromatographic peaks are noted within the GRO 
retention time range. 

Chromatograms for unweathered or lightly weathered DRO consist of regularly spaced, sharp alkane 
peaks sitting on top of a low symmetrical hump near the middle of the chromatographic range, 
resulting in a “picket fence” appearance (Figure H-30 in Appendix H).  Smaller peaks from minor 
constituents will be interspersed between the major alkane peaks.  The absence of the 
chromatographic hump for the UCM, even if there is a “picket fence” appearance, indicates that non-
hydrocarbon interferences are eluting within the DRO retention time range.  The shape of the UCM is 
symmetrical in unweathered petroleum product, and lack of symmetry can be an indication of the 
presence of non-petroleum constituents, frequently including naturally occurring organic matter from 
soil or sediment. 

Chromatograms for RRO detections often consist of just a single low UCM hump near the end of the 
chromatographic range (Figure H-31 in Appendix H).  Sometimes alkane peaks are apparent on the 
curves; however, just as often they are absent.  Analyte identification is based solely on the UCM’s 
retention time.  Similar to DRO detections, the absence of the chromatographic hump for UCM 
indicates that non-hydrocarbon interferences are eluting in the RRO retention time range and are 
responsible for reported TPH.  

A variety of factors contribute to the shape and size of the curve and may complicate the 
interpretation of TPH data.  The factors are described below and illustrate the importance of 
understanding the analytical methodologies and interpretations of the data for sites with multiple 
hydrocarbon compounds. 

● Weathering or microbial degradation can change a hydrocarbon product’s 
chromatographic profile.  Generally speaking, lighter hydrocarbon fractions are more 
susceptible to volatilization or microbial degradation, as well as migration away from the 
release site due to higher solubility in groundwater.  The chromatographic profiles for 
samples affected by these processes tend to be enriched with heavier end components, 
relative to the original petroleum hydrocarbon, which can make gasoline resemble diesel or 
diesel resemble motor oil.  The linear alkanes that form the sharp peaks in the diesel 
chromatogram are more susceptible to microbial action than the unresolved hydrocarbons 
in the UCM, so as weathering of diesel increases, the sharp peaks disappear and the 
shape of the hump becomes asymmetrical, shifted towards the end of the retention time 
range.  
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● Gasoline, diesel, and motor oil are not the only petroleum hydrocarbons.  Other petroleum 
hydrocarbons, such as Stoddard solvent, kerosene, or hydraulic fluid, can either elute 
within one of the standard retention time ranges (Stoddard solvent elutes completely within 
the GRO range) or straddle retention time ranges (kerosene elutes between GRO and 
DRO and hydraulic fluid elutes between DRO and RRO).  TPH reported for more than one 
range may in fact represent a single petroleum product. 

● Review of TPH data from multiple laboratories over an extended period of time, as has 
been done for this report, may be complicated by analytical variability.  TPH 
chromatograms are dependent on chromatographic conditions.  Minor differences in such 
things as temperature programs, column lengths, column composition, or gas velocities 
have the potential of changing the resulting chromatograms.  Any change in 
chromatographic conditions can result in retention time shifts or chromatographic details 
being either enhanced or obscured.  Even when the same laboratory performs all of the 
TPH analyses, chromatographic conditions can shift over time causing chromatographic 
pattern shifts from year to year or even instrument to instrument.   

Available chromatograms have been reviewed to assess the reliability of TPH results as indicators of 
the nature and extent of petroleum hydrocarbons at the RP property and vicinity.  These 
chromatograms are presented in Appendix I.  The interpretation of the chromatograms is presented 
below in Section 8.11.4 for each media. 

8.11.3 Sources of TPH in the RP Property Vicinity 
A variety of historical sources of TPH at the RP property and vicinity may have contributed petroleum 
hydrocarbon materials to environmental media.  These sources include:  

● Historical use of diesel, fuel oil, and a variety of products containing hydrocarbon mixtures 
as pesticide carriers in the former RP plant area.  

● Historical auto fluff processing operations on Schnitzer property. 

● Historical disposal of MGP waste on the Siltronic property.  

● Historical widespread use of creosote-treated wood products.  

● Placement of River dredge spoils as fill in former Doane Lake and on Arkema, BNSF, 
NL/Gould, Gasco, and Siltronic properties. 

● Various other miscellaneous sources including: 

– Incompletely oxidized fuel residues from vehicle emissions that could either be 
airborne or present in highway stormwater runoff;  

– Incidental spills on properties in the vicinity of the RP property; and  

– Contamination during sampling or analysis leading to TPH detections that are not 
representative of site conditions. 
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Contributions from these various sources, most of which are typical in historically heavy industrial use 
areas, are evident in the chromatographic patterns present in environmental media in the RP property 
vicinity. 

8.11.4 Nature and Extent of TPH in Environmental Media in the RP Property Vicinity 
TPH was been reported in all environmental media at the RP property and vicinity.  The reported TPH 
include GRO, DRO, and RRO, though each of these was not necessarily detected in every sample. 

Available chromatograms were reviewed to evaluate the type and distribution of petroleum 
hydrocarbons.  The review was designed to differentiate between detections of actual petroleum 
products and results attributable to interfering non-petroleum derived compounds.  The chromatogram 
review revealed that much of the TPH data were false positives or had high bias as a result of non-
petroleum compounds detected and measured in the TPH ranges.  The actual TPH detections in the 
RP RI data set show isolated pockets of petroleum hydrocarbons with unique chromatographic 
patterns, indicating influence from a variety of localized sources.  The chromatographic evidence 
supporting this conclusion is presented for each media in the sections that follow.  Figures showing 
the distribution of interpreted TPH results in each media are provided in Appendix H, Figures H-32 
through H-37. 

TPH analyses have been completed in all media of concern for the RP RI.  The available data are 
sufficient to demonstrate there is no widespread TPH plume originating from the RP property in any 
media, and that TPH is not being transported to downstream or downgradient receptors.  For this 
reason, the TPH data set is considered complete (i.e., no data gaps).  Further sampling for TPH for 
the purpose of defining nature and extent is not necessary.   

8.11.4.1 Soil  

Chromatographic interpretation for soil results indicates that TPH in soil is found only in isolated and 
localized areas on RP and other properties, and consists primarily of mid-range to heavier 
hydrocarbon fractions, sometimes as a mixture with other non-hydrocarbon constituents.  The isolated 
nature of these detections and the variability in chromatographic patterns suggests localized individual 
releases of TPH from a variety of sources typical of heavily industrialized areas.  There is no evidence 
of the continuous presence of TPH in soil from sources related to historical operations at the former 
RP plant area to vicinity properties or the River. 

A total of 180 samples were analyzed for TPH in soil between 1994 and 2009.  Nearly every sample 
was analyzed for DRO and RRO, but a small number of samples were also analyzed for other types 
of TPH.  A small number of samples collected in 1994 were analyzed for GRO, kerosene, mineral 
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spirits, oil and grease, and TPH (as JP-4).  The distribution of TPH in soil as reported from the 
laboratories is presented in Figures F-238 through F-240 in Appendix F.   

Five NAPL samples were collected between June 1999 and December 2006.  The samples were 
collected from two monitoring wells located in the HA (MW-08-27 and P-07), one monitoring well 
located on BNSF property near the head of former WDL (RP-04-41), and one piezometer located on 
BNSF property near the NDP (PZ-03-40W).  Four of the five samples underwent hydrocarbon 
identification screening by NWTPH-HCID, and all five samples were analyzed using NWTPH-Dx.  The 
distribution of TPH in NAPL as reported from the laboratories is presented in Figure F-881 in 
Appendix F.   

Chromatographic patterns for the NAPL samples from MW 08 27 and RP-04-41 from the HA and 
NAPL area have similar patterns, suggesting they are related but may have contributions from 
differing sources or processes that occurred at the RP property.  Quantitative results reported for TPH 
in both samples are biased significantly high from non-petroleum constituents.  The pattern observed 
in sample PZ-03-40W located near NDP on BNSF property is unique and indicates the NAPL 
collected from PZ-03-40W is unrelated to NAPL on the RP property and is from a distinctly different 
source not related to historical RP operations.  The chromatographic pattern of NAPL from PZ-03-
40W is consistent with creosote or MGP waste and is likely associated with MGP waste placed on 
Siltronic property by Gasco and found near NDP. 

Chromatographic interpretation for soil indicates that TPH in soil: 1) is found only in isolated and 
localized areas on RP and other properties; 2) consists primarily of mid-range to heavier hydrocarbon 
fractions; and 3) sometimes consists of a mixture with other non-hydrocarbon constituents.  The 
isolated nature of these detections and the variability in chromatographic patterns suggests localized 
individual releases of TPH from a variety of sources typical of heavily industrialized areas.  There is 
no evidence of the continuous presence of TPH in soil from sources related to historical operations at 
the former RP plant area to vicinity properties or the River. 

The next section describes the chromatographic evidence that differentiates the non-petroleum 
material from TPH in soil.  The subsequent sections describe the distribution of TPH detected in the 
RP RI NAPL data set (including a discussion of NAPL chromatograms), in the RP RI soil data set for 
each part of the RP property, and for other properties where TPH data are available. 

The chromatographic profiles (Appendix I) indicate that non-petroleum interferences are responsible 
for, or contribute significantly to, reported TPH concentrations in soil at the RP property.  Multiple 

Chromatographic Interpretation 
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different interferences were identified and account for approximately 50% of the detections reported 
as TPH in soil at the RP property.  Distinct chromatographic patterns were observed for these 
interferences in soil and are described below: 

● Non-petroleum hydrocarbon constituents eluting in the diesel range - Eight locations, found 
primarily in the northern half of the HA (HA-01 [4 and 8 feet bgs], HA 02 [3 and 16 feet 
bgs], HA-04 [6 and 14 feet bgs], HA-07 [10 feet bgs], HA-08 [5 and 17 feet bgs], HA 17 [2 
and 9 feet bgs], HA-18 [3 and 9 feet bgs], and NB-06 [20 and 31.5 feet bgs, collected 
below the water table]), have two groups of non-petroleum peaks on their chromatograms 
(one at each end of the DRO retention range).  This pattern is not found elsewhere on the 
RP property or on vicinity properties.  Samples from these locations had elevated 
detections of BTEX, chlorinated benzenes, and phenols.  Three of these locations (HA-02 
[3 feet bgs], HA 07 [10 feet bgs], and HA-18 [9 feet bgs]) also have low levels of a possible 
diesel signature, but the majority of the area quantified as DRO are from non-petroleum 
material.  Samples with this chromatographic pattern are not interpreted to be TPH. 

● UCM in the RRO range containing well defined peaks – One location in the HA (HA-05 [0 
and 7 feet bgs] and one location in the IA (IA-03 [2 feet bgs]) have a characteristic UCM 
hump late in the RRO retention time range, but the chromatograms also show an unusual 
pattern of well defined peaks sitting on top of the UCM, making this pattern dissimilar to 
those of common petroleum hydrocarbons.  This pattern of heavy oil-range non-petroleum 
constituents is found in samples that also have elevated concentrations of PAHs, and are 
likely related to historical releases in the HA.  Samples with this chromatographic pattern 
are not interpreted to be TPH. 

● Individual non-TPH peaks – Two locations in the HA (HA-07 [5 feet bgs] and HA-14 [8.5 
feet bgs]) have individual peaks noted late in the GRO retention time range and/or early in 
the DRO retention time range.  The peaks are likely VOCs such as ethylbenzene, xylenes, 
chlorinated benzenes, and trimethylbenzenes.  A pattern of individual peaks eluting in the 
middle of the DRO retention time range is identified for one sample location in the IA (IA 12 
[6 feet bgs]) and one sample location in the former Doane Lake area (TP-1B [10 feet bgs, 
sample potentially collected below the water table]).  The peaks detected in IA-12 are most 
likely phenols, but it is not possible to identify the compounds represented by the peaks 
detected in TP-1B from the available data and chromatographic evidence.  Samples with 
this chromatographic pattern are not interpreted to be TPH.     

● Clustered individual non-petroleum hydrocarbon peaks eluting late in the DRO retention 
time range – The chromatogram for IA-08 (6 feet bgs) appears to be a highly degraded fuel 
oil or hydraulic fluid, with individual peaks overlying the hydrocarbon curve.  In contrast, the 
chromatographic patterns for the samples collected from NB-06 (20 and 31.5 feet bgs, 
collected below the water table), NB-7 (20 feet bgs), NB-19 (26 and 38 feet bgs, collected 
below the water table), and NB-20 (39 feet bgs, collected below the water table) show tight 
clusters of individual peaks that elute very late in the DRO retention time range and bear 
similarity to peaks detected in the NAPL sample collected from MW-08-27 in December 
2003.  An example of this chromatographic pattern is presented in Figure H-30 in Appendix 
H.  This pattern does not resemble the pattern for common petroleum hydrocarbons.  NB-
06 (7 feet bgs), NB 19 (26 feet bgs, collected below the water table) and NB 19 (38 feet 
bgs, collected below the water table) may also contain diesel patterns.  Similar patterns 
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were not detected elsewhere on the RP property or on vicinity properties.  Samples with 
this chromatographic pattern are not interpreted to be TPH. 

● Rising baselines without well defined UCMs – This pattern is identified in three locations in 
the former Doane Lake area (LA-01 [4 feet bgs], LA-06 [6 feet bgs], and LA 07 [5 feet bgs]) 
and two locations in the LADD area (LA-09 [12 feet bgs] and LA-13 [3 feet bgs]).  The 
rising baselines are likely due to minor leaks in the gas chromatograph system and are not 
associated with any petroleum or non-petroleum constituents.  Samples with this 
chromatographic pattern are not interpreted to be TPH. 

Source Area Soils 

A total of 50 samples from the HA were analyzed for TPH by NWTPH-Dx.  A total of 20 samples from 
the IA were analyzed for TPH by NWTPH-Dx.  TPH was not detected in 35 of the 70 samples 
collected from these two areas of the RP property.  Of the 35 samples with reported TPH results, only 
15 are identified as actual TPH, or TPH mixed with a non-hydrocarbon interference, as described 
below and depicted on Figure H-32 in Appendix H. 

HA and IA Soils  

TPH detections in the HA and IA samples that show the presence of petroleum hydrocarbons occur 
across the entire range of petroleum hydrocarbons.  A mixture of GRO, DRO, and non-petroleum 
material was found at a single location in the HA at NB-06 (7 feet bgs).  DRO was detected at a single 
location in the HA at HA-11 (1 foot bgs).  RRO was detected at six locations:  three in the HA (HA 12 
[3 feet bgs], HA 15 [2 feet bgs and 9 feet bgs], and HA-20 [0 feet bgs]) and two in the IA (IA-01 [0 feet 
bgs] and IA 02 [1 foot bgs]).  Mixtures of petroleum and non-petroleum material were detected at 
seven locations in the HA (HA-02 [3 feet bgs], HA-05 [0 and 7 feet bgs], HA-07 [10 feet bgs], HA 14 
[2.5 feet bgs], HA-18 [3 and 9 feet bgs], NB-06 [20 and 31.5 feet bgs], and NB 07 [20 feet bgs, 
collected below the water table]), and four locations in the IA (IA 02 [0 feet bgs], IA-03 [2 feet bgs], 
and IA-04 [6 feet bgs], and IA-08 [6 feet bgs]).  Samples with mixed petroleum and non-petroleum 
material at the HA locations also have elevated detections of BTEX, chlorinated benzenes, and 
phenols, based on VOC and SVOC analyses.  The non-petroleum hydrocarbon constituents detected 
in the IA locations are predominantly PAHs. 

Detections with similarly distinct chromatographic patterns are identified at specific locations in the HA 
and IA, but these detections are isolated from each other by detections other types of TPH, by non-
petroleum materials, by depth, or by locations where TPH was not detected.  These TPH results 
demonstrate there is no evidence of a widespread release of TPH, but rather indicate multiple smaller 
localized releases consistent with heavy industrial use. 
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Four NAPL samples, including one duplicate, were collected from this area between June 1999 and 
December 2006.  The samples were collected from two monitoring wells located in the HA (MW-08-27 
and P-07) and one monitoring well located on BNSF property near the head of former WDL (RP-04-
41).  Three of the four samples underwent hydrocarbon identification screening by NWTPH-HCID, 
and all four samples were analyzed using NWTPH-Dx.  TPH was detected in each sample but 
chromatographic interpretation indicates that non-petroleum interferences are responsible for 
significant contribution to the chromatographic profiles for samples MW-08-27 and RP-04-41 as 
described below. 

NAPL Area (Northern HA and LADD area) 

The NAPL sample collected from monitoring well MW-08-27 in December 2003 does contains 
petroleum hydrocarbons, including a significant gasoline-like component (Figure H-29 in Appendix H).  
This petroleum pattern overlaps individual non-petroleum peaks that elute early in the DRO retention 
time range.  There is also a narrow cluster of non-petroleum peaks eluting late within the DRO 
retention time range, resembling the chromatographic pattern observed in one soil sample collected in 
the IA (IA 08) and at two soil samples collected in the LADD area (NB-19 and NB 20).  It is possible 
that the TPH observed at NB-19 and NB-20 is similar to the TPH found at MW-08-27. 

The NAPL sample collected from monitoring well RP-04-41 in December 2003 has a chromatographic 
pattern similar in some respects to the sample collected at MW 08-27, but petroleum hydrocarbons 
are a relatively minor component of the TPH chromatogram in these samples, indicating interference 
from other hydrocarbon compounds (Figure H-30 in Appendix H).  RP-04-41 also contains different 
types of non-petroleum compounds from those observed at MW-08-27, indicating that different 
operation processes likely affected each location.  At RP-04-41, many of the gasoline-like 
components present in MW 08 27 are not present, indicating the presence of a more degraded 
hydrocarbon mix, or the absence of the specific components detected in MW-08-27.  Also, the narrow 
cluster of non-petroleum peaks eluting late within the DRO retention time range are closely abutted by 
broad individual peaks, indicating the presence of different interfering compounds than those detected 
in MW-08-27. 

The chromatograms from the June 1999 analysis of the sample collected from P-07 and the April 
2002 analysis of the sample collected from MW-08-27 were not available for review.  It is assumed 
that the April 2002 sample from MW-08-27 has a similar pattern to that observed in December 2003.  
The nature of TPH detected at the P-07 locations cannot be evaluated. 

A total of 21 soil samples from the NAPL area were screened for TPH by NWTPH-HCID and/or 
analyzed by NWTPH-Dx.  TPH was not detected in 8 of the 21 samples.  Of the 13 samples with TPH 
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detections, all 13 are identified to contain actual TPH, or TPH mixed with a non-hydrocarbon 
interference, as described below and depicted on Figure H-33 in Appendix H.  

The entire range of petroleum hydrocarbons were reported in the NAPL area NPA soils.   

● Light to medium-range UCM humps that resemble hydraulic fluid but are located early in 
the diesel retention time range occur at NB-14 (20.5 feet bgs, collected below the water 
table) and NB-15 (14 feet bgs, collected below the water table).  The chromatogram for 
NB-14 (20.5 feet bgs, collected below the water table) is presented on Figure H-31 in 
Appendix H. 

● Heavy end hydrocarbons with low, broad asymmetrical UCMs that have very low slopes 
that start in the diesel retention time range and peak in the heavy-oil retention time range 
occur at LA 09 (6 feet bgs) and LA-12 (3 feet bgs). 

● Mixtures of light to medium and heavy petroleum hydrocarbons that resemble highly 
degraded diesel and heavy oil occur at LA-13 (3 feet bgs) and TP-9C (7 feet bgs).  The 
chromatogram for TP-9C (7 feet bgs) is presented on Figure H-31 in Appendix H. 

● Mixtures of medium-range petroleum hydrocarbons and non-petroleum constituents occur 
at LA-10 (6 feet bgs), LA-12 (15 feet bgs), and NB-19 (26 feet bgs and 38 feet bgs, both 
samples collected below the water table).  The chromatographic patterns for each of these 
samples were different, with LA-10 (6 feet bgs) resembling hydraulic fluid, with a cluster of 
non-petroleum peaks early in the diesel retention time range; LA-12 resembles the pattern 
found in LA-09 (6 feet bgs) and LA 12 (3 feet bgs), with the addition of non-hydrocarbon 
peaks late in the gasoline retention time range/early in the diesel retention time range; and 
NB-19 appears to be a mixture of hydrocarbons eluting in the diesel retention time range.  
These samples are at locations with detections of elevated levels of ethylbenzene, 
xylenes, chlorinated benzenes, and methylbenzenes, and are likely related to releases of 
VOCs in the NAPL area. 

● Mixtures of broad-range UCM humps that cover the DRO and RRO retention time ranges, 
and non-petroleum peaks occur at LA-09 (12 feet bgs), LA 12 (21 feet bgs), and TP 5A (7 
feet bgs). 

Chromatographic patterns from samples collected in the NAPL area of the NPA are dissimilar to 
chromatographic patterns from samples collected in the former Doane Lake area.  There is a lack of 
similar distinct chromatographic patterns in samples located adjacent to each other, indicating that 
detections of each type of TPH are unrelated.  These TPH results demonstrate there is no evidence of 
a widespread release of TPH from a point source, but rather indicate multiple releases consistent with 
heavy industrial use. 
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Non-Source Area Soils 

A total of 36 samples from the former Doane Lake area were screened for TPH by NWTPH-HCID 
and/or analyzed by either NWTPH-Dx or EPA Method 8015M.  TPH was not detected in 19 of the 36 
samples.  Of the 17 samples with TPH detections, only 9 are identified as actual TPH, or TPH mixed 
with a non-hydrocarbon interference, as described below and depicted on Figure H-33 in Appendix H.  

Former Doane Lake Area Soils 

The entire range of petroleum hydrocarbons were reported in former Doane Lake area soils. 

● A mixture of light to medium and heavy petroleum hydrocarbons that resemble diesel and 
heavy oil occurs at LA-08 [4.5 feet bgs].  The chromatogram for LA-08 [4.5 feet bgs] is 
presented on Figure H-31 in Appendix H.  

● Heavy-end hydrocarbons occur at LA-02 (4 feet bgs), LA-03 (5 feet bgs), and LA-05 (5 feet 
bgs).  In the chromatograms for these samples, most of the UCM hump is present in the 
heavy oil retention time range, but there is a low slope down through the diesel retention 
time range. 

● Heavy-end hydrocarbons with low, broad asymmetrical UCMs that have very low slopes 
that start in the diesel retention time range and peak in the heavy oil retention time range 
occur at LA-01 (4 feet bgs), LA-04 (3 feet bgs), LA-06 (8 feet bgs), LA-07 (6 feet bgs), and  
LA 14 (7 feet bgs).  Sample LA-14 (7 feet bgs) also exhibits a low symmetrical UCM hump 
late in the gasoline retention time range/early in the diesel retention time range that may be 
representative of highly degraded kerosene or a similar petroleum product. 

Chromatographic patterns from samples collected in the former Doane Lake area are dissimilar to 
chromatographic patterns from samples collected in the NAPL area.  There is a lack of similar distinct 
chromatographic patterns in samples located adjacent to each other, indicating that detections of 
each type of TPH are unrelated.  The presence of multiple TPH patterns throughout the area is 
evidence that multiple parties impacted the former Doane Lake area.  These TPH results demonstrate 
there is no evidence of a widespread release of TPH from a point source, but rather indicate multiple 
releases consistent with heavy industrial use by multiple parties. 

A total of 2 soil samples from Arkema, BNSF, City, ESCO, and Siltronic properties were analyzed for 
TPH by NWTPH-Dx.  One NAPL sample on BNSF property collected near NDP underwent 
hydrocarbon identification screening by NWTPH-HCID, and was subsequently analyzed using 
NWTPH-Dx.  TPH was not detected in soil at the City property.  TPH was not detected in 18 of the 
samples collected from the other properties.  Of the 19 soil samples with reported TPH, 8 (including a 
single field duplicate) are located on the Arkema property, 1 is located on the ESCO property, 5 are 

Off-Property Soils  
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located on BNSF property, and 4 are located on the Siltronic property.  TPH results from soil samples 
collected on Arkema, BNSF, ESCO, and Siltronic properties are described below and depicted on 
Figure H-34 in Appendix H.  TPH results from the NAPL samples collected on Siltronic property are 
also described below and depicted on Figure F-881 in Appendix F. 

Chromatograms are available for seven of the reported detections in soil on the Arkema property, the 
four detections on the BNSF property, and the single detection in soil on the ESCO property.  All of 
the chromatograms appear to be either RRO or mixtures of medium- to heavy-range hydrocarbons 
combined with non-hydrocarbon peaks, except for the detection in BNSF sample Beach-01 (0 feet 
bgs).  The chromatographic pattern in this sample is a series of individual peaks throughout the DRO 
and RRO retention time ranges.  These peaks are likely the PAHs detected in this sample, as 
indicated by the SVOC analysis.       

Detections in the Arkema soil samples were dominated by RRO and broad hydrocarbon UCM humps 
centered between the DRO and RRO retention time ranges.  The chromatogram for sample ARK-06 
(3 feet bgs) indicates the presence of RRO.  However, the UCM exhibits an unusual asymmetrical 
shape.  Chromatograms for samples ARK-03 (6 feet bgs) and ARK-04 (6 feet bgs) appear to have 
similar low, broad symmetrical hydrocarbon UCM humps that are centered between the DRO and 
RRO retention time ranges.  More pronounced UCM humps that cover the same range are present in 
samples ARK-08 (13 feet bgs) and ARK-20 (7 feet bgs).  Chromatograms for samples ARK-12 (6 feet 
bgs) and ARK-20 (15 feet bgs, collected below the water table) show low UCM humps similar to those 
found in samples ARK-03 (6 feet bgs) and ARK-04 (6 feet bgs), but instead of being symmetrical, they 
are shifted towards the RRO retention time range, likely indicating greater weathering of the material.  
Many of the chromatograms for the samples collected from Arkema property also exhibited individual 
PAH peaks, which may be representative of the River dredge material historically used as fill on the 
Arkema property. 

TPH detections in soil samples collected from the Arkema property are predominantly either RRO or a 
hydrocarbon with a UCM that covers both the DRO and RRO retention time ranges.  These 
hydrocarbon patterns are dissimilar to patterns detected in soil samples collected from the RP 
property, and may represent River dredge material historically used as fill on the Arkema property. 

Detections in the BNSF soil samples were dominated by RRO and broad hydrocarbon UCM humps 
centered between the DRO and RRO retention time ranges.  Chromatograms for samples Beach-02 
(0 feet bgs) and Beach 03 (0 and 1 feet bgs) indicate the presence of RRO.  This hydrocarbon pattern 
is dissimilar to patterns detected in soil samples collected from the RP property, and may represent 
River dredge material. 
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Three samples collected at RP-26 on the ESCO property underwent TPH analysis.  The 
chromatogram for the shallowest sample collected from the screened interval of RP-26-39 (sample 
collected below the water table) indicates the presence of both DRO and RRO.  The chromatographic 
pattern is unlike the pattern from any soil sample collected from the RP property.  A review of the 
SVOC data from this sample indicates the presence of elevated concentrations of chlorinated 
benzenes and phenols.  TPH was not detected in deeper samples collected from the screened 
intervals of RP-26-79 and RP-26-122 (samples collected below the water table). 

Seven soil samples collected on the Siltronic property underwent TPH analysis.  TPH was reported in 
four samples, all shallower than 35 feet bgs.  TPH detections on the Siltronic property are believed to 
be evidence of MGP wastes consistent with the extent of PAHs observed on Siltronic property as 
discussed in Section 8.5. 

One NAPL sample collected from PZ-03-40W near NDP has a chromatographic pattern different from 
the chromatographic pattern of NAPL samples from RP source areas.  The chromatogram of the 
NAPL at PZ 03-40W bears some resemblance to a diesel pattern, but does not demonstrate as much 
UCM as would be expected for petroleum relative to the component peak heights.  Instead the pattern 
is mainly composed of individual peaks, primarily eluting within the DRO retention time range.  The 
pattern of individual peaks in this range without a significant UCM hump is characteristic of PAHs and 
other components found in creosote or MGP waste.  The NAPL found at this location is likely related 
to historical Gasco MGP operations. 

8.11.4.2 Groundwater 

A total of 107 samples were analyzed for TPH in groundwater between 1999 and January 2010.  
Each sample was analyzed for DRO and RRO, and a small number of samples were submitted for 
petroleum hydrocarbon identification analysis.  The distribution of TPH as reported from the 
laboratories is presented in Figures F-632 through F-635 (monitoring wells) and F801 (temporary 
borings) in Appendix F.   

Chromatographic interpretation indicates that actual TPH, or TPH with interfering substances present, 
is most often found in the Artificial Fill.  These shallow TPH detections are commonly middle to heavy 
end petroleum hydrocarbons and are believed to be from fill material placed in former Doane Lake, 
dredge spoils placed on Arkema or Siltronic properties, MGP wastes present on Siltronic property, or 
release of various types of fuel typical in a heavy industrial area.  The majority of samples with TPH 
detected have chromatographic patterns suggestive of different products indicative of independent 
single point sources. 
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Exceptions to this occur on Siltronic property and in the HA and NAPL area on RP property.  On the 
Siltronic property, a small number of TPH detections in the Artificial Fill occur in the GRO retention 
time range and are interpreted to be from MGP wastes.  One TPH result from the deeper portion of 
the Fine-Grained Alluvium near the River is likely associated with the Siltronic trichloroethene release.  
The GRO detections on Siltronic property are not the same as those found in the HA and NAPL area 
on RP property, given the differences in the chromatographic patterns from these areas. 

In the HA and NAPL area on RP property, TPH having a gasoline-like chromatographic pattern is 
reported at multiple wells within each stratigraphic unit.  This area of TPH is limited to wells in the 
former RP plant area and in the NAPL area.  They are within and downgradient of an apparent 
release in the HA where light-end petroleum hydrocarbon and other VOCs were found.  The 
chromatographic patterns from wells in this area resemble each other, indicating a common source.  
This is consistent with TPH detections in soil in the same area that also have a gasoline-like 
chromatographic pattern.  Downgradient of this area, most reported TPH detections in the Fine-
Grained Alluvium, Alluvial-Colluvial Gravel, and CRBG are interpreted to be chlorinated benzenes or 
single-component mixtures that are often co-located with detections of VOCs and SVOCs.   

The nature of these detections and the variability in chromatographic patterns suggests that TPH 
found in the Artificial Fill is related to multiple individual releases of TPH from a variety of sources 
typically found in a heavily industrialized area.  Likewise, the similarity in the chromatographic patterns 
for locations with chlorinated benzene and the co-location with other VOC and/or SVOC detections 
suggests that these reported TPH detections are indicative of VOCs and SVOCs and do not represent 
a large-scale TPH plume migrating from the RP property in groundwater.  The TPH data demonstrate 
a lack of evidence of the continuous presence of TPH in groundwater from RP sources to other parts 
of the RP property, vicinity properties, or the River. 

The next section describes the chromatographic evidence that differentiates the non-petroleum 
hydrocarbon interferences from actual TPH in groundwater.  The subsequent sections describe the 
distribution of actual TPH detected in the RP RI groundwater data set for RP source areas and for 
other areas where TPH data are available in the RP RI data set. 

The chromatographic profiles (Appendix I) indicate that non-petroleum interferences contribute to high 
bias or false positives for petroleum in the reported TPH detections in groundwater at the RP property 
and vicinity.  Three types of interferences were identified in the groundwater TPH data set.  Distinct 
chromatographic patterns were observed for these interferences: 

Chromatographic Interpretation 
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Chlorinated Benzenes:  Chromatograms where chlorinated benzenes are present generally had flat 
baselines with individual peaks corresponding to chlorobenzene, 1,2-dichlorobenzene, 1,3-
dichlorobenzene, and 1,4 dichlorobenzene (Figures H-29 and H-30 in Appendix H).  Other individual 
peaks were often present on these chromatograms, but the majority of the peak area used for TPH 
quantification was related to the chlorinated benzene peaks.  There is a high degree of correlation 
between the presence of the chlorinated benzene pattern on chromatographs from TPH analysis and 
the extent of 1,2-dichlorobenzene detected in groundwater in the Fine-Grained Alluvium, Alluvial-
Colluvial Gravel, and CRBG from EPA Method 8260, as shown in Figures H-36 and H-37 in Appendix 
H.  Samples with this chromatographic pattern are not interpreted to be TPH. 

Single-Component Mixtures:  Individual non-petroleum hydrocarbon peaks without specific patterns 
were detected in samples from multiple properties and are interpreted to be from COIs that are 
detected by the TPH analytical method.  The TPH detections in these samples are not considered to 
be TPH based on their chromatograms.  The monitoring wells on each property where other COIs are 
responsible for false positive TPH detections in one or more samples are listed below: 

● Siltronic – The peaks in samples from the monitoring wells listed below may be due to the 
following constituents that are detected by other analytical methods: 

– Trichloroethene breakdown products – WS-12-125; 

– BTEX – RP-20-110; 

– BTEX and phthalates – MW-03-81; 

– PAHs – MW-03-I(60), RP 07 30, and RP-24-60; 

– Chlorinated phenols – SIL-01-GW-217; and 

– Non-target analytes – RP-21-125. 

● Arkema – The peaks in samples from RP 02 167 are from non-target analytes. 

● ESCO – The peaks in samples from the monitoring wells listed below may be due to the 
following constituents that are detected by other analytical methods: 

– Chlorinated benzenes and BTEX – RP-26-39; 

– BTEX and trichloroethene breakdown products – W 12 S(20); and 

– Non-target analytes – RP-26-79.  

● NL/Gould – The peaks in samples from W-04-89 are from non-target analytes.   

● N.W. Front Avenue – The peaks in sample PM-01-18 believed to be related to the 
presence of PAHs in this sample. 
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While chromatograms from different locations might display similar patterns of non-petroleum peaks 
(such as MW-03-81, PM 01 18, and RP-02-167), detected VOCs and SVOCs differed in samples from 
these locations.  This indicates there are individual non-petroleum sources responsible for these 
reported TPH results that are comprised of individual peaks without specific patterns.  Additional 
discussion of the extent of these VOC and SVOC constituents can be found in Sections 8.1 and 8.4. 

Single-component mixtures that look like DRO – Individual peaks that formed diesel-like 
chromatographic patterns without characteristic petroleum UCM humps were observed in samples 
from multiple properties and are interpreted to be the result of other COIs being detected by the TPH 
analytical method and not from the presence of TPH.  The monitoring wells on each property where 
other COIs are causing apparent TPH detections in one or more samples are listed below:  

● HA – The peaks in samples from MW-03-27 are believed to be PAH detections. 

● Arkema – The peaks in samples from ARK-20-GW-15 are from non-target analytes. 

● ESCO – The peaks in samples from RP-18-30 and RP-19-25 are believed to be phenol 
detections.  The peaks in W-11-S(21) are from non-target analytes. 

● Siltronic – The peaks in samples from RP-21-28 and RP-23-30 are believed to be from 
PAHs.  The peaks in samples from RP-24-85 and RP-25-30 are from non-target analytes. 

● Schnitzer – The peaks in samples from W-16-S(13) appear related to the presence of a 
mixture of chlorinated benzene and phenols.   

● BNSF – The peaks in samples from RP 03-30R, RP 16-25, and RP 16 40 are from non-
target analytes.   

Additional discussion of the extent of these VOC and SVOC constituents can be found in Sections 8.1 
and 8.4. 

Source Area Groundwater  

TPH analysis in the IA occurred between 2001 and 2006, including analysis of 20 samples from seven 
monitoring wells.  TPH was reported only twice, once each at the most shallow screen interval of 
monitoring well clusters MW-10 and MW-11, both completed in the Fine-Grained Alluvium because 
the Artificial Fill is above the water table in these areas of the IA.  The total TPH concentrations range 
from approximately 0.100 mg/L to approximately 1.00 mg/L.  No chromatograms are available for 
review, so TPH is assumed to be present.  The small number of detections suggests TPH in IA 
groundwater is limited in extent.  

IA Groundwater 
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TPH analysis in the HA occurred between 2000 and 2007, including analysis of 37 samples from 11 
monitoring wells.  TPH was reported in 30 of the 37 samples, but chromatograms were only available 
for 15 of the 30 detections, with all of the chromatograms being from samples collected from the MW 
05 well cluster.  The chromatographic patterns in the upper three screened intervals (10-24.5, 29-34, 
and 36-52 feet bgs) completed in the Artificial Fill and Fine-Grained Alluvium resemble gasoline with 
the presence of other interfering substances (Figure H-29 in Appendix H).  TPH is detected in these 
MW-05 monitoring wells at concentrations ranging from 2.00 mg/L to 200 mg/L.  Both soil and 
groundwater samples collected from these locations had VOC detections, such as 1,2-dichlorobenze 
and BTEX compounds.  TPH results from the deepest screened interval at MW-05 (65-70 feet bgs) 
are interpreted to be chlorinated benzenes and not TPH.  TPH detections at other monitoring wells in 
the HA did not have chromatograms available for review, but TPH results from these wells could be 
associated with either non-petroleum material, based on proximity to MW-05, or with chlorinated 
benzenes based on VOC analytical results. 

HA Groundwater 

TPH detections in the HA indicate that a light-end petroleum hydrocarbon containing a variety of 
constituents was released in the northern portion of the HA.  The vertical extent of this release is 
limited to approximately 50 feet bgs and above, but this release also laterally impacted a portion of the 
NPA in the NAPL area (described below).  Chromatograms were not available for reported TPH at 
monitoring well MW-09, completed in the southern portion of the HA, but the TPH results are likely 
attributable to chlorinated benzenes, based on the VOC analytical results for this well cluster.  

Analysis at monitoring wells in the NAPL area occurred between 2000 and 2009, including analysis of 
56 samples from 15 monitoring wells.  TPH was reported in all 56 samples, but chromatograms were 
available for only 37 of the TPH detections.  For the 37 detections for which chromatograms were 
available, 21 of the detections are interpreted to be actual TPH or TPH mixed with interfering 
substances and 16 of the detections were interpreted to be non-petroleum material. 

NAPL Area Groundwater 

The actual TPH falls into one of two categories:  (1) diesel or heavy oil-like chromatographic patterns, 
and (2) gasoline-like chromatographic patterns.  Samples with diesel-like or heavy oil-like 
chromatographic patterns were from wells in the Fine-Grained Alluvium, Artificial Fill, and once in the 
Alluvial-Colluvial Gravel in the NAPL area (Figure H-35 in Appendix H), including one well completed 
on BNSF property near the BNSF-RP NPA boundary (RP-04-41).  This pattern is likely associated 
with spills of various fuel types that are typical of heavy industrial areas.  The concentrations ranged 
between approximately 0.667 mg/L and 58.3 mg/L.   



 

AMEC Earth & Environmental, Inc. 
414 Project No.:  0-61M-107030/Phase 0104/T6 
 K:\10000\10700\10703\0100 RI-FS-ROD\0104 RI Report\Draft RI\RI-SCE Report.Docx 

Gasoline-like chromatographic patterns are identified in the NAPL area at monitoring wells completed 
in the Alluvial-Colluvial Gravel located immediately downgradient of the apparent release area in the 
HA.  The chromatograms for these samples are indicative of mixtures of petroleum hydrocarbons and 
non-petroleum material in the GRO retention time range.  Concentrations ranged between 
approximately 0.337 mg/L and 50.0 mg/L.  This type of TPH is found in all stratigraphic units near this 
apparent release area, indicating the release traveled vertically and laterally in the direction of 
groundwater flow (Figures H-35 through H-37 in Appendix H).  However, this type of TPH does not 
migrate far from this area, demonstrating the lack of a complete migration pathway for TPH from the 
RP property to the River.  Instead, the TPH detected outside of the NAPL area and farther 
downgradient in the former Doane Lake area is interpreted to be chlorinated benzenes and is 
consistent with the extent of 1,2-dichlorobenzene in the Fine-Grained Alluvium, the Alluvial-Colluvial 
Gravel, and the CRBG. 

Non-Source Area Groundwater 

TPH analysis of groundwater was conducted at several locations upgradient of the RP property, 
including one monitoring well cluster on BNSF property (RP-05) and one monitoring well cluster west 
of Highway 30 (W-18).  A total of 28 samples were collected from six monitoring wells between 2000 
and 2008.  TPH was not detected at these monitoring wells.   

Properties Upgradient of RP Source Areas 

TPH analysis of groundwater has been conducted on multiple properties located immediately 
downgradient of RP source areas, including the former Doane Lake area, Metro, Gould, and ESCO 
properties.  TPH was reported on each property, and at least one time in each stratigraphic unit 
except in the Alluvial-Colluvial Gravel.  Actual TPH or TPH mixed with interfering substances most 
commonly occurred in the Artificial Fill, while reported TPH in the Fine-Grained Alluvium and CRBG 
was typically interpreted to be chlorinated benzenes, single-component mixtures, or single-component 
mixtures that had diesel-like chromatographic patterns (Figures H-35 through H-37 in Appendix H).  
The chlorinated benzenes and single-component mixtures are typically associated with the distribution 
of other VOCs (such as 1,2-dichlorobenzene) and/or other SVOCs (such as PAHs).  The actual TPH 
data demonstrate that diesel- or heavy oil-like chromatographic patterns, which are typically found at 
shallow depths, have a different spatial distribution than gasoline-like chromatographic patterns found 
only in the NAPL area of the NPA.  There is no evidence to support migration of TPH from the RP 
property to downgradient properties.  A summary of testing and results for each area is provided 
below. 

Properties Immediately Downgradient of RP Source Areas 
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Former Doane Lake Area Groundwater:  Testing in former Doane Lake occurred between 2001 and 
2009, including analysis of 72 samples from 29 monitoring wells.  TPH was reported in 69 of the 72 
samples, but only 6 of the TPH detections are interpreted to be actual TPH or TPH mixed with 
interfering substances.  Sixty-three of the detections are interpreted to be non-petroleum material.  
Chromatograms were available for review for each detection.  The actual TPH has diesel or heavy oil-
like chromatographic patterns, and was found almost exclusively in the Artificial Fill (Figure H-35 in 
Appendix H).  This pattern is likely associated with materials used to fill former Doane Lake, or from 
spills of various fuel types that are typical of heavy industrial areas.  The concentrations ranged 
between approximately 0.146 mg/L and 10.8 mg/L. 

Metro:  A total of 11 samples (including 1 duplicate) from six monitoring wells were collected between 
2001 and 2006.  TPH was reported in 7 of 11 samples at concentrations between 0.164 and 0.4 mg/L, 
except in one sample where TPH was reported at 14.6 mg/L.  The 14.6 mg/L detection is considered 
to be actual TPH, and it occurs at a depth of less than 20 feet bgs in the Fine-Grained Alluvium 
(Figure H-36 in Appendix H).  The other TPH results are interpreted to be chlorinated benzenes and 
are consistent with the detection of 1,2 dichlorobenzene by VOC analysis at these locations. 

NL/Gould:  A total of 23 samples (including 1 duplicate) from ten monitoring wells were collected 
between 1999 and 2007.  TPH was reported in 13 of 23 samples, at concentrations of less than 1.00 
mg/L.  Most detections occurred in the Artificial Fill, but TPH was reported at least once in the Fine-
Grained Alluvium and in the CRBG (Figures H-36 and H-37 in Appendix H).  All but one sample (W-
04-89) are considered to be either DRO or RRO.  The sample from W-04-89 appears to be a single-
component mixture, and represents the only time TPH has been reported at this monitoring well.  
Total TPH was reported at 0.930 mg/L in W-04-89. 

ESCO:  A total of 62 samples from 18 monitoring wells were collected between 2001 and 2009.  TPH 
was reported in 45 of 62 samples, ranging in concentration from just below 0.100 mg/L to 4.00 mg/L.  
Only ten results are considered to be TPH, or are assumed to be TPH because no chromatogram was 
available for review.  The actual TPH detections occur in the Artificial Fill (Figure H-35 in Appendix H).  
Chromatograms were not available for one of the ten samples, but it is possible the reported TPH 
detection is associated with other COIs that were detected by the TPH analysis.  All other reported 
TPH are interpreted to be chlorinated benzenes or single-component mixtures.  Chlorinated benzenes 
occurred in the Fine-Grained Alluvium, Alluvial-Colluvial Gravel, and in the CRBG (Figures H-36 and 
H-37 in Appendix H).  The single-component mixtures occurred in the Artificial Fill and the Fine-
Grained Alluvium (Figure H-35 and H-36 in Appendix H). 



 

AMEC Earth & Environmental, Inc. 
416 Project No.:  0-61M-107030/Phase 0104/T6 
 K:\10000\10700\10703\0100 RI-FS-ROD\0104 RI Report\Draft RI\RI-SCE Report.Docx 

TPH testing in groundwater has been completed at multiple monitoring wells located within the NW 
Front Avenue right-of-way near the north end of the ESCO property, and on nearby property owned 
by the City and BNSF.  Monitoring wells include the PM series and EX series wells.  A total of 34 
samples from 15 monitoring wells were collected between 2008 and 2009.  TPH was reported in all 
but one sample at concentrations ranging between approximately 0.200 mg/L and 1.00 mg/L.  Only 
one of these is considered to be actual TPH or TPH mixed with an interfering substance, and occurs 
in the Artificial Fill well at PM-05 (Figure H-35 in Appendix H).  All other TPH results are interpreted to 
be false positives related to chlorinated benzenes and are consistent with the detection of 1,2 
dichlorobenzene by VOC analysis at these locations (Figures H-35 through H-37 in Appendix H).  The 
actual TPH distribution in this area demonstrates that DRO occur primarily in the Artificial Fill, as was 
observed at the RP property and adjacent downgradient areas.  Based on these data, there is no 
evidence to support migration of DRO in groundwater from the RP property to this downgradient area. 

N.W. Front Avenue Near the North End of ESCO Property 

TPH testing in groundwater was completed on Schnitzer, Arkema, and Siltronic properties, each of 
which is located further downgradient of RP source areas.  TPH testing was also performed at three 
monitoring well clusters located on BNSF property, downgradient of RP property.  TPH was reported 
at least one time in each stratigraphic unit.  Actual TPH or TPH mixed with interfering substances 
most commonly occurred in the Artificial Fill (Figure H-35 in Appendix H), while reported TPH in the 
Fine-Grained Alluvium, Alluvial-Colluvial Gravel, and CRBG (Figures H-36 and H-37 in Appendix H) 
were typically interpreted to be attributable to the presence of chlorinated benzenes, single-
component mixtures, or single-component mixtures that fall in the DRO range.  The chlorinated 
benzenes and single-component mixtures are typically associated with the distribution of other VOCs 
(such as 1,2-dichlorobenzene) and/or other SVOCs (such as PAHs).  The actual TPH data 
demonstrate that DRO and RRO are typically found at shallow depths, consistent with the distribution 
of these types of TPH on RP and adjacent properties, and have chromatographic patterns that are 
dissimilar, suggesting individual releases of TPH typically found in a heavily industrial area.  On 
Siltronic property, TPH detections are commonly co-located with PAH detections in the Artificial Fill as 
a result of historical placement of MGP waste by Gasco.  Based on these data, there is no evidence 
to support migration of DRO or RRO from the RP property to these downgradient properties.  A 
summary of testing and results for each property is provided below. 

Properties Further Downgradient of RP Source Areas  

Schnitzer:  A total of eight samples were collected from four monitoring wells between 2006 and 2007.  
TPH was reported in four of eight samples, and all are considered to be either DRO or RRO.  
Reported TPH concentrations ranged between 1.41 mg/L and 12.1 mg/L.  All TPH occurs in the 
Artificial Fill (Figure H-35 in Appendix H), and is likely associated with fill materials placed in former 
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Doane Lake, or localized individual releases of TPH typically found in a heavily industrialized area.  
Based on these data, there is no evidence to suggest the TPH is migrating onto Schnitzer property 
from RP property. 

Arkema:  A total of 63 samples (including 2 duplicates) were collected from 29 monitoring wells 
between 2001 and 2010.  TPH was reported in 22 of 63 samples, but only 2 of these results are 
considered to be TPH or TPH mixed with in interfering substance.  Reported TPH concentrations 
ranged between approximately 0.250 mg/L and 0.500 mg/L.  TPH detections occur in the Artificial Fill 
or upper portion of the Fine-Grained Alluvium, at approximately 40 feet bgs or above, and are likely 
associated with placement of dredge spoils or releases of TPH typically found in a heavily 
industrialized area (Figures H-35 and H-36 in Appendix H).  Chromatograms were not available for 
three samples.  Based on these data, there is no evidence to suggest the TPH is migrating onto 
Arkema property from RP property. 

Siltronic:  A total of 132 samples were collected from 42 monitoring wells between 2002 and 2009, 
including samples collected from three monitoring locations on BNSF property adjacent to Siltronic 
(RP-03-30R, RP-03-52R, and PZ-03-40W).  TPH was reported in 69 of 132 samples, but only 14 of 
these results are considered to be TPH or TPH mixed with an interfering substance.  Reported TPH 
concentrations ranged between approximately 0.05 mg/L and 7.00 mg/L, except in two locations 
where the concentrations were approximately 13.0 to 30.0 mg/L (WS-14-125 and PZ-03-40W).  The 
TPH detections include GRO and DRO, and most occur in the Artificial Fill and are associated with 
MGP waste placed on Siltronic property by Gasco (Figure H-35 in Appendix H).  The highest TPH 
detection in the Artificial Fill occurs at PZ-03-40W and is co-located with a NAPL sample collected 
from this location that is indicative of MGP waste.  Actual TPH detections at deeper intervals in the 
Fine-Grained Alluvium, Alluvial-Colluvial Gravel, or CRBG (Figures H-36 and H-37 in Appendix H) are 
either co-located with TPH results that are interpreted to be chlorinated benzenes or single-
component mixtures, or are associated with the release of VOCs from the Siltronic facility (WS-14-
125).  All other reported TPH are attributable to the presence of chlorinated benzenes from the RP 
property, or single-component mixtures associated with other RP-related COIs. 

BNSF Property between N.W. Front Avenue and River (RP-01, RP-06 and RP-12):  A total of 52 
samples were collected from nine monitoring wells between 2001 and 2009.  TPH was reported in 34 
of 52 samples, but all detections except one are attributable to chlorinated benzenes and occur in the 
Fine-Grained Alluvium, Alluvial-Colluvial Gravel, or CRBG (Figures H-36 and H-37 in Appendix H), 
consistent with the distribution of 1,2-dichlorobenzene.  A chromatogram for the one detection at RP-
06 in the Artificial Fill (Figure H-35 in Appendix H) was not available for review, but it is likely that TPH 
found at this location is associated with MGP wastes.  TPH was not detected at RP-12 located on 
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BNSF property at the beach.  The lack of actual TPH detections demonstrates that TPH is not 
migrating onto BNSF property from RP property. 

TPH testing of groundwater collected from below NDL was completed in 2003.  Seven temporary 
monitoring wells were installed and groundwater samples from five of the seven temporary wells were 
analyzed for TPH.  Samples were screened by the NWTPH-HCID method then analyzed by NWTPH-
Dx.  TPH was detected at three of the five locations in samples analyzed by NWTPH-HCID.  
Contamination from materials related to the well casing material caused the results from the NWTPH-
Dx analysis to be rejected during validation.  Review of the chromatograms from the HCID screen 
indicates the TPH present may be associated with MGP wastes. 

NDL 

In general, actual TPH detections and detections of TPH with interfering substances also present 
were most commonly found in the shallowest groundwater at the RP property and vicinity, placing the 
majority of the actual TPH within the Artificial Fill, or the uppermost portion of the Fine-Grained 
Alluvium (Figures H-35 and H-36 in Appendix H).  The TPH found at these shallow depths was 
typically DRO or RRO, and is believed to be associated with fill materials placed in former Doane 
Lake, dredge spoils placed on Arkema or Siltronic property, MGP wastes present on Siltronic 
property, or from spills of various types of fuels that are typically found in a heavily industrialized area. 

Summary of TPH in Groundwater 

Exceptions to this distribution of actual TPH occur in two areas in the RP property and vicinity.  One 
area is on Siltronic property, where TPH in the Artificial Fill fell within the GRO retention time range 
and where these detections are most likely associated with MGP wastes.  A detection of GRO near 
the Siltronic trichloroethene release area is more than likely associated with the Siltronic release 
rather than with MGP waste, based on the depth of the detection. 

The other area is in the northern portion of the HA and within the area of NAPL in the NPA where 
GRO was detected at multiple monitoring locations and in each stratigraphic unit.  This area of GRO 
is located in and downgradient of the area where a light-end petroleum hydrocarbon product appears 
to have been released in the HA with other VOCs.  This area of GRO is limited in vertical and lateral 
extent and does not extend off the RP property, likely due to the inherently high biodegradability of 
hydrocarbons in this carbon range. 

The remainder of the TPH detections in deeper groundwater of the Fine-Grained Alluvium, Alluvial-
Colluvial Gravel, and CRBG were interpreted to be chlorinated benzenes or single component 
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mixtures that are related to detections of VOCs or SVOCs in groundwater (Figures H-36 and H-37 in 
Appendix H).  

8.11.4.3 Lake Sediment/Surface Water 

The lake sediment and surface water data include samples from former WDL, NDL, and NDP.  
Sediment samples were collected from NDL and NDP in 2003 and from former WDL in 2005, 2006, 
and 2008.  Surface water samples were collected from NDL in 2003 and from NDP in 2003 and 2006.  
WDL surface water samples were not analyzed for TPH.  The distribution of TPH reported from the 
laboratories in lake sediment and surface water is presented in Figures F-1080 and F-950 in Appendix 
F, respectively. 

Former WDL is discussed separately from NDL because of the lack of recent significant hydrologic 
connection between the two water bodies (Section 6.2.4.3).  Although there was likely an historical 
connection, water elevation in NDL has risen since completion of the northern railroad embankment 
and the presence of a long-standing beaver dam at the lake outlet (Sections 6.2.4.3 and 7.2.3.1).  
Former WDL and NDL also have distinct fill histories and potential constituent sources (Sections 7.2.2 
and 7.2.3). 

Chromatographic interpretation for each available data set indicates that TPH is present in sediment 
and surface water, along with evidence of interfering substances. 

A total of 28 sediment samples collected from former WDL were screened for TPH NWTPH-HCID and 
then analyzed by NWTPH-Gx and/or NWTPH-Dx where appropriate.  Apparent TPH was detected in 
each sample except for two samples from W011 (9 to 10 feet bgs and 18.5 to 20 feet bgs) and one 
sample from W017 (7 to 11 feet bgs).  GRO was detected by NWTPH-Gx in each sample at 
concentrations ranging between 13.0 mg/kg (W020) and 10,000 mg/kg (W002).  DRO and RRO were 
detected in each sample at concentrations ranging between 28.0 mg/kg (W011) and 15,000 mg/kg 
(W002), and 23.0 mg/kg (W011) and 7,400 mg/kg (W002), respectively.  No chromatograms were 
available for review.  Based on the other COIs detected in former WDL sediments and the magnitude 
of those detections, it is likely that some COIs, such as chlorinated benzenes, phenols, and PAHs 
were detected by the TPH analysis and reported as TPH.  WDL surface water samples were not 
analyzed for TPH. 

Former WDL 

A total of 27 sediment samples collected from NDL were screened for TPH using NWTPH-HCID and 
where appropriate analyzed by NWTPH-Gx and/or NWTPH-Dx.  TPH was detected in 12 of 27 

NDL 
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samples.  GRO was detected in 2 of 12 samples analyzed by NWTPH-Gx, at concentrations of 24.3 
mg/kg (NDL-106, 1 to 5 feet bgs) and 60.0 mg/kg (NDL 106, 5 to 10 feet bgs).  DRO and RRO were 
detected in all 12 samples analyzed by NWTPH-Dx, at concentrations ranging from 51.0 mg/kg (NDL-
102-S) to 881 mg/kg (NDL-106-S), and 151 mg/kg (NDL-102) to 2,360 mg/kg (NDL-106-S), 
respectively.  TPH was detected in the shallowest sample (0 to 1 foot bgs) at just two locations (NDL-
102 and NDL 104) on the north edge of the lake.  TPH was detected between 1 and 10 feet bgs at all 
sampling locations except at NDL-105 in the southern arm of NDL, where no TPH was detected.  TPH 
was not detected at the deepest sample interval at each sampling location. 

Chromatograms for these sediment samples indicate that heavier TPH fractions predominate, and the 
TPH likely is a mixture of MGP wastes, fuel oil, and TPH contributed from Highway 30 runoff and 
BNSF railroad operations.  Diesel-like chromatographic patterns overlapped heavy oil-like patterns in 
samples from NDL-102 (0-1 feet bgs and 1-5 feet bgs) and NDL-104 (0-1 feet bgs and 1-5 feet bgs).  
In both instances the patterns from the 1-5 feet depth interval appeared to be the least degraded and 
most similar to the patterns observed in fresh hydrocarbon standards.  Mixtures of RRO and individual 
non-hydrocarbon peaks eluting within the DRO retention time range, likely associated with PAH 
detections, were observed in samples NDL-101 (1-5 feet bgs), NDL 102 (5-7.5 feet bgs), NDL-103 (1-
5 feet bgs and 5-9 feet bgs), NDL-104 (5-10 feet bgs), NDL-106 (1-5 feet bgs and 5-10 feet bgs), and 
NDL-107 (5-10 feet bgs).  Similar patterns were not observed in any of the soil samples collected from 
the RP property, indicating that TPH present in NDL sediments is unlikely to be from releases of TPH 
or interfering substances at the RP property.  It is more likely that TPH found in NDL sediment is 
representative of MGP wastes or is from stormwater runoff from Highway 30. 

Seven surface water samples and one duplicate sample collected from NDL were screened for TPH 
using NWTPH-HCID.  TPH was not detected. 

Three sediment samples collected from NDP were screened for TPH using NWTPH-HCID and 
analyzed by NWTPH-Dx where appropriate.  TPH was detected in one sample (NDP-101) as DRO 
and RRO at concentrations of 332 mg/kg and 355 mg/kg, respectively.  TPH was detected in the 
HCID screen of sample NDP-102, but DRO was not detected during the follow-up NWTPH-Dx 
analysis.  The DRO detection during the HCID screen was likely due to interference, which was 
eliminated during the more robust Dx analysis. 

NDP 

One chromatogram from these sediment samples was available for review.  The pattern observed in 
the sediment sample collected from NDP-101 has a double UCM hump late in the DRO retention time 
range and early in the RRO retention time range, suggesting a mixture of degraded MGP waste and 
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TPH related to runoff from Highway 30 to Doane Creek.  This double hump was covered with distinct 
individual peaks that do not resemble a typical petroleum hydrocarbon pattern.  The petroleum 
hydrocarbon pattern from this sample did not resemble the pattern from any of the sediments 
collected from NDL, or the chromatographic patterns for any soil collected from the RP property.  TPH 
detected in NDP sediment is not related to TPH found on the RP property. 

Five surface water samples collected from NDP or from seeps that discharge to NDP were screened 
for TPH using NWTPH-HCID, and where appropriate quantified using NWTPH-Dx.  TPH was 
detected in two of the five samples as DRO at concentrations of 0.475 mg/L and 0.480 mg/L.  One 
chromatogram from these surface water samples was available for review.  The pattern observed in 
the surface water sample collected from the seep is a collection of individual peaks that elute in the 
DRO retention time range, but does not resemble a petroleum hydrocarbon.  The proximity of NDP to 
a known area of NAPL from MGP waste strongly suggests these TPH detections are related to this 
area of NAPL, as previously discussed in Section 8.11.4.2. 

8.11.4.4 Stormwater/Non-Stormwater 

Samples of non-stormwater were collected from Outfall 22B, from multiple manholes along the 
alignment of Outfall 22B and from the manhole along the alignment where the NL/Gould stormwater 
system discharges.  Samples of both non-stormwater and stormwater were collected from City Outfall 
22C.  The distribution of TPH in these samples, as reported from the laboratories, is presented in 
Figure F-1170 in Appendix F. 

Two chromatograms were available for review and include a non-stormwater sample collected at a 
manhole from the City Outfall 22B system (MH-06) and a non-stormwater sample collected from City 
Outfall 22C.  Both chromatograms suggest that interfering substances are being reported as TPH.  
The distribution of TPH in Outfall 22B and Outfall 22C is described in the next sections. 

Three samples of non-stormwater were collected at City Outfall 22B, one each in 2004, 2006, and 
2007.  Each sample was screened using NWTPH-HCID.  TPH was not detected in any sample. 

City Outfall 22B 

Samples ANF217 and ANF220 were collected in February 2008 from a water seep and infiltration 
flowing into two catch basins located along N.W. Front Avenue, near the western boundary of Arkema 
Lot 1, that are associated with the City Outfall 22B storm sewer system (Section 4.6).  Each sample 
was screened using NWTPH-HCID.  TPH was not detected in any sample. 
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Two samples of non-stormwater were collected from manhole MH-4 of the NL/Gould stormwater 
system, one each in 2007 and 2008.  Each was screened using NWTPH-HCID.  TPH was not 
detected in either sample. 

A total of 23 samples of non-stormwater (including 1 duplicate) were collected from seven manholes 
along the Outfall 22B alignment, including MH-03, MH-04, MH-05, MH-06, MH-07, MH-08, and MH-
10.  Samples were collected from selected manholes in 2004, 2007, and 2008, and were screened 
using NWTPH-HCID and quantified using NWTPH-Dx, where appropriate.  DRO was detected in the 
HCID screening analysis at MH-05, MH-06, and MH-08 in 2004, but DRO was not detected in the 
follow-up NWTPH-Dx analysis in 2004.  RRO was detected in the HCID screening of MH-06 in 2007.  
DRO was detected at a concentration of 0.787 mg/L and RRO was detected at 0.544 mg/L during the 
follow-up NWTPH-Dx analysis.  GRO was detected in the HCID screen of MH-06 in 2008, but was not 
detected in the follow-up NWTPH-Gx analysis.  Only the chromatogram from NWTPH-Dx analysis of 
MH-06 was available for review.  The TPH detection is a collection of individual peaks that elute within 
the DRO retention time, rather than the pattern of a petroleum hydrocarbon.  The TPH found in non-
stormwater at MH-06 is likely from former Doane Lake sediment that infiltrated this section of pipe and 
contributed to particulate load in the sample based on the other VOC and SVOC constituents 
detected in the sample, and based on the lack of a TPH plume in either soil or groundwater from the 
RP property to the area surrounding the City Outfall 22B alignment.  

Three samples of non-stormwater flow were collected at City Outfall 22C, one sample each in 2003, 
2004, and 2009.  One sample of stormwater flow was collected at Outfall 22C in 2003, approximately 
3 weeks after the non-stormwater flow was collected.  Samples were screened using NWTPH-HCID 
and then analyzed using NWTPH-Dx, where appropriate. 

City Outfall 22C 

TPH was detected just once, in 2009, in non-stormwater flow as DRO at a concentration of 0.085 
mg/L.  This result was N qualified as being tentatively identified, meaning that both analyte 
identification and quantification are uncertain because the chromatographic pattern is made up of low 
individual peaks that do not resemble a petroleum hydrocarbon pattern.  The pattern observed in this 
sample is indistinct and it is not possible to relate it to any specific source, but low concentrations of 
PAHs were detected in the sample from analysis using EPA Method 8270.  This indicates a possible 
relationship to MGP wastes known to be present on Siltronic property that may be impacting 
groundwater at depths consistent with the elevation of the City Outfall 22C alignment. 
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8.11.5 Fate and Transport of TPH in Environmental Media in the RP Property Vicinity 
Petroleum hydrocarbons were released to the soil as a result of former operations in the HA, from 
placement of MGP wastes on Siltronic property, as a result of a variety of industrial activities on the 
RP property and vicinity properties including fueling and equipment operation at multiple industrial 
facilities, from local traffic emissions within the industrial area and on Highway 30, the placement of fill 
in former Doane Lake, and potential placement of dredge spoils on Arkema , BNSF, Gasco, 
NL/Gould, and Siltronic properties.  Releases of petroleum hydrocarbons in the HA contribute to the 
area of NAPL found in the northwest part of the HA and the western edge of the NPA.  At Siltronic 
property, releases of petroleum hydrocarbons from placement of MGP wastes by Gasco contributed 
to NAPL near the NDP and detections in other media in contact with MGP waste. 

Transport of DRO and RRO away from the RP sources area is minimal because these types of TPH 
prefer to adsorb to particulates and, therefore, tend to be relatively immobile in the environment, 
independent of the particulates to which they are adsorbed.  In addition, DRO is readily 
biodegradable, and biodegradation limits transport of DRO.  Evidence of the lack of mobility of DRO 
and RRO at the RP property and vicinity is found in the soil data set, where analytical results 
demonstrate that TPH detections are localized and isolated from each other, and where 
chromatograms suggest that the TPH detections are not related, as expected in a heavily 
industrialized area used by multiple parties.  Further evidence of limited, localized sources is found in 
the surface water and non-stormwater data sets, where TPH is generally not detected in these media 
(such as at NDL, Outfall 22B, and Outfall 22C) but is present in the sediments or nearby soils.  
Detections of DRO and RRO in Artificial Fill and Fine-Grained Alluvium groundwater are generally low 
across much of the area (often less than 1.00 mg/L), further demonstrating that TPH releases have 
likely been small and localized, and are not being transported long distances from the point of release.  
For these reasons, the RP property is not considered to be the source of DRO and RRO on other 
properties. 

Transport of GRO away from source areas also is relatively limited, because this type of TPH is less 
persistent as a result of its volatility and susceptibility to degradation.  Evidence of this can be found in 
the soil and groundwater data sets that indicate the extent of GRO in the HA and NAPL area of the 
NPA is limited and does not migrate off RP property.  This is because the rate of degradation of the 
constituents that make up the GRO is greater than the rate of transport of these constituents through 
soil or groundwater.  This can be seen in the distribution of other constituents (such as xylenes).  
Xylenes are detected above risk-based screening criteria only at RP source areas or within the area 
of NAPL, and are below risk-based screening criteria at all downgradient and off-property locations.  
TPH and its underlying constituents are expected to continue to degrade under current and future 
environmental conditions. 
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8.11.6 Summary of Transport Pathways 
8.11.6.1 Groundwater 

Petroleum hydrocarbons are detected in groundwater at all properties within the RP property vicinity.  
TPH is most commonly detected in the Artificial Fill or in the uppermost portion of the Fine-Grained 
Alluvium where the Artificial Fill is above the water table.  This is consistent with the sources of TPH to 
groundwater which are releases from a variety of heavy industrial uses, including fueling and 
equipment operation at multiple industrial facilities, the placement of fill in former Doane Lake, and 
potential placement of dredge spoils on Arkema, Gasco, NL/Gould, BNSF, and Siltronic properties. 

The highest concentrations of TPH occur where NAPL is present on Siltronic property near the NDP 
and on RP property under the north end of the HA and in the NAPL area on the NPA.  Transport of 
TPH in groundwater is generally not occurring over large distances either because the TPH is 
adsorbed onto soil particles and is not mobile, or because the rate of degradation of TPH is greater 
than the rate of groundwater transport. 

8.11.6.2 Stormwater/Non-Stormwater, Surface Water, and Sediment 

Transport pathways for TPH stormwater/non-stormwater, surface water, and sediment through 
relevant pathways are described below. 

Former WDL:  TPH was detected in sediment in former WDL, but TPH in former WDL sediment is no 
longer available for transport because the WDL IRAM has stabilized and solidified WDL sediments, 
minimizing potential for future leaching to groundwater. 

NDL:  TPH is detected in sediment in NDL, typically between 1 and 10 feet below mud line.  TPH in 
sediment is not migrating through surface water, stormwater, or non-stormwater because TPH was 
not detected in these media.  Therefore, the migration of TPH from sediment to surface water to 
stormwater or non-stormwater is not occurring and these are not complete pathways for TPH. 

Stormwater/Non-stormwater:  TPH analysis of non-stormwater in City Outfall 22B and of stormwater 
and non-stormwater from City Outfall 22C indicate no TPH is present.  Therefore, the stormwater/non-
stormwater pathway is not complete for TPH. 

8.12 INORGANICS 

The nature and extent, and fate and transport of metals and other inorganic constituents are 
discussed in this section.  The distribution of inorganic constituents in environmental media at the RP 
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property and vicinity is widespread as expected given the natural and anthropogenic sources of 
metals in the environment.   

The number of inorganic constituents analyzed at the RP property and vicinity, coupled with the 
number of media sampled, has resulted in approximately 43,000 inorganic data points.  The 
discussion in this section has been limited to 10 representative constituents to facilitate presentation 
of the data.  Data for all inorganic constituents analyzed are included in Appendix C.  The constituents 
included in the discussion below include eight metals (i.e., arsenic, chromium, cobalt, iron, lead, 
manganese, mercury, and vanadium), along with chloride and ammonia.  Chloride and ammonia are 
included for evaluation as tracers and for evaluation of natural attenuation. 

The eight representative metals are those metals that potentially exceed the risk screening level in a 
significant number of samples.  As part of this selection process, metals were excluded from 
discussion in this section in cases where: 1)  their concentrations do not exceed the EPA Industrial 
Regional Screening Levels (RSLs) in any medium; 2) they are detected above the RSL at less than 
5% frequency in any medium; or, 3) the constituent does not have an RSL.   

8.12.1 Overall Conclusions Regarding Inorganics 
There is no discernible pattern or concentration gradient for metals in soil or groundwater at the RP 
property and vicinity that suggests the presence of a coherent plume that originates in and moves 
away from any particular source area.  Although areas of higher concentration are evident from the 
data, these apparent sources are surrounded by multiple locations with lower concentrations or 
locations where the metal was not detected.  The Lower Willamette Group (LWG) makes the same 
observation of lack of any evident distributional pattern in the upland groundwater evaluation provided 
in the Draft Remedial Investigation Report (LWG, 2009).  All the metals detected occur naturally in the 
sediment, soils, and rock in the area. 

The general distribution of metals is consistent with the natural and human history of the former 
Doane Lake area.  In particular, on the south side of the BNSF railroad tracks, former Doane Lake 
was filled with material from a variety of sources, including soil from various sources and dredged 
material from the River, foundry sands from ESCO, baghouse dust and other metal-bearing wastes 
from NL/Gould and predecessors, and limited amounts of construction debris.  On the north side of 
the BNSF railroad tracks, a variety of MGP-derived wastes, along with dredged material from the 
River, were used as part of wetland filling across what is now the Siltronic Site.  These fill materials 
contribute metals to environmental media in the RP property vicinity and are important sources of 
metals to the groundwater system. 
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Naturally and anthropogenically altered subsurface conditions release natural and anthropogenic 
sources of metals.  River sediments and local soils derived primarily from nearby bedrock are high in 
a number of metals that are present in environmental media at the RP property and vicinity.  Data 
presented by USGS shows that soils and surficial materials in northwestern Oregon have some of the 
highest concentrations of aluminum, barium, copper, chromium, iron, manganese, vanadium, and zinc 
in the contiguous United States (Gustavsson et al., 2001).  This document shows that arsenic 
concentrations in the same area exceed risk based screening levels across a large area.  Use of 
these materials for fill in a wetland environment exposes them to weathering processes that tend to 
release these metals into groundwater and elevated metals concentrations are commonly associated 
with filled wetland areas. 

Historical operations at the NL/Gould facility resulted in the release of battery acid to former Doane 
Lake.  The low pH conditions caused by the released acid likely resulted in dissolution of metals form 
fill and formation materials.  Release of organic materials from other sources, including resins 
associated with ESCO foundry sands and solvents released from historical RP operations, likely 
resulted in changes in redox conditions that may have added to release of metals from fill and 
formation materials. 

Despite the presence of apparent release points for various metals, including either actual release of 
lead, in the case of NL/Gould, or metal releases caused by acid or changed redox conditions, there is 
no evidence of transport in groundwater of metals from areas of higher concentration to the River.  
This absence of any metal plume is likely related to the same series of geochemical controls 
previously discussed for PCDD/PCDFs, PCBs, and OCIs.  These controls are related to formation and 
agglomeration of iron precipitates in the groundwater system and capture of metals within the 
agglomerated particles.  These processes greatly retard or eliminate transport of metals and low-
solubility organic constituents, and sequester metals near apparent source areas.  As a result, 
concentrations in groundwater located further away from these apparent source areas represent an 
area-wide concentration that is not related to specific sources.  Some of the specific details of pH, 
ORP, alkalinity, and oxygen levels and their effect on formation of iron precipitates are discussed in 
Section 8.3, Natural Attenuation.  

Many of the higher concentrations of metals in groundwater represent older data, some dating back 
as far as the early 1980s.  These data were collected before minimal drawdown (i.e., low-flow) 
sampling techniques.  These data have been included at the direction of DEQ, but are highly 
uncertain and of doubtful value for understanding the distribution of metals in groundwater at the RP 
property vicinity.  There is a substantial likelihood that sampling techniques in use at that time resulted 
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in entrainment of formation materials in the samples, so that the results do not represent actual 
groundwater concentrations, leading to an inaccurate picture of nature and extent. 

8.12.1.1 Arsenic  

Arsenic occurs naturally in the Willamette Basin (Hinkle and Polette, 1999), and there are multiple 
potential anthropogenic sources at the RP property and vicinity.  These include historical packaging of 
arsenical pesticides at the RP property, the ESCO landfill, and historical operations at NL/Gould, 
Gasco, Schnitzer/Air Liquide, Kinder Morgan/Willbridge, GS Roofing, Arkema, and River dredge 
materials used as fill.  There are isolated locations of elevated arsenic concentrations in soil at the RP 
property and several vicinity properties.  Arsenic is also detected in soil at concentrations above both 
RSLs and published background concentrations across multiple sites in the RP property vicinity.  This 
widespread distribution and lack of transport pathways that connect soil between individual sites 
demonstrates that local industrial background levels across the RP property and vicinity are higher 
than RSLs or background concentrations.  

Arsenic concentrations above RSLs are also widely distributed in groundwater across the RP property 
and vicinity.  The concentration distribution does not indicate the presence of a plume of arsenic or 
other metals that originates from a specific source area and moves away from that source area 
toward the River.  The distribution of arsenic in groundwater is likely driven by localized geochemical 
processes resulting in the release or sequestration of arsenic, depending on very local conditions, 
rather than simple transport from source areas via groundwater. 

Published studies provide representative background concentrations of arsenic in soil and 
groundwater in Oregon and Washington and document the wide variability of concentrations within an 
area.  This variability, caused by a number of different conditions and the lack of discernable 
groundwater plumes, indicates that background concentrations of an area cannot be established with 
small area sampling.  Documents published by Oregon DEQ (DEQ, 2002), USGS (Gustavsson et al., 
2001), and the Washington Department of Ecology (Ecology, 1994) provide average arsenic 
concentrations in native soil and surficial materials in Oregon and Washington ranging from 4 mg/kg 
to 10 mg/kg.  A 1999 USGS study shows that arsenic concentrations in groundwater from bedrock 
areas in south-central and eastern Lane County, Linn County, and the Tualatin Basin range from 
0.003 mg/L to 1.1 mg/L (Hinkle and Polette, 1999).  Background concentrations for total and dissolved 
arsenic in groundwater have been conservatively established at 0.00363 mg/L and 0.00317 mg/L, 
based on DEQ-directed sampling points respectively, for the RP property and vicinity (DEQ, 2009d). 

There are isolated occurrences of highly elevated arsenic concentrations in soil at the RP property 
and several vicinity properties.  The distribution of arsenic in soil samples demonstrates that both local 
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industrial background and native concentrations are consistently well above the RSL of 1.6 mg/kg.  
Arsenic was detected above the RSL in nearly all soil samples from the RP property and each vicinity 
property sampled.  Arsenic concentrations exceeded the RSL by an average of 22 times.  Arsenic 
concentrations in soils from all RP property vicinity sampling exceeded published background soil 
concentrations of 4 mg/kg to 10 mg/kg most of the time, with concentrations above 4 mg/kg in 71% of 
samples, and concentrations above 10 mg/kg in 38% of samples.   

Locations where highly elevated arsenic concentrations were identified in soil are localized and not 
continuous.  The highest arsenic concentrations detected in soil samples typically were surrounded by 
results at least an order of magnitude lower.  This is also true for detections below background 
concentrations.  The highest arsenic soil concentrations were detected within 10 feet of the ground 
surface at the IA and HA where insecticides and herbicides were historically handled.  The highly 
elevated arsenic detections in the IA and HA are isolated and surrounded by samples with much 
lower concentrations, including samples below background concentrations.  The highest arsenic 
concentration at vicinity properties was detected at the Schnitzer/Air Liquide Site. 

Total and dissolved arsenic are widely distributed and concentrations are extremely variable in 
groundwater across the RP property and vicinity.  The distribution of concentrations does not indicate 
the presence of an arsenic plume related to a specific source or sources.  Elevated arsenic detections 
in groundwater are frequently surrounded by much lower detections.  There is no evident 
concentration gradient as would be expected if there were a specific source.  Arsenic was detected 
above the groundwater RSL of 4.50E-05 mg/L in samples from each stratigraphic unit, at each 
property sampled, and within and outside groundwater flow paths originating from the RP plant area.  
Total arsenic was detected above the established background concentration of 0.00363 mg/L in 366 
of the 509 (72%) samples analyzed.   

Arsenic was detected in groundwater at concentrations that exceed the DEQ-directed background 
concentration across a wide area and multiple sites in the RP property vicinity.  The highest 
groundwater detections were tens of thousands of times the RSL and thousands of times the DEQ-
directed site-specific background concentrations.  The highest arsenic concentrations occurred 
primarily in the Fine-Grained Alluvium and the Alluvial-Colluvial Gravel in the former Doane Lake area 
and in the Artificial Fill in the LADD area.  Arsenic was detected at concentrations thousands of times 
the RSL in groundwater at the RP HA and IA, and at the Siltronic, Kinder Morgan/Willbridge ESCO, 
NL/Gould, Metro, and Arkema sites and at hundreds of times background at the RP property and City, 
ESCO, Metro, NL/Gould, and Arkema sites.  Arsenic was detected at concentrations up to 0.158 mg/L 
in groundwater samples from wells located on the Riverbank at the Arkema Site and completed in the 
Fine-Grained Alluvium and CRBG.  These concentrations exceed the SCE SLV of 1.40E-05 mg/L by 
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a factor greater than 11,000.  This widespread distribution and high variability of arsenic at 
concentrations greater than a hundred times the DEQ-directed background concentration of 0.00363 
mg/L suggests that the approved background concentration is not reflective of general local conditions 
and is highly influenced by the number and limited area where monitoring wells were selected for the 
background determination.  

Arsenic was detected at a concentration above the RSL but below the DEQ-directed background 
concentration in the CRBG and the Fine-Grained Alluvium upgradient of the RP property, west of 
Highway 30.  These results indicate that groundwater near the Tualatin Hills upgradient from other 
sources exceeds the RSL. 

8.12.1.2 Chromium 

Chromium is a naturally occurring component of soil, sediment, and groundwater in the Willamette 
Basin (Gustavsson et al., 2001).  Trivalent chromium (chromium [III]) is stable and is the form of 
chromium that naturally occurs in ores.  Hexavalent chromium (chromium [VI]) is also stable, though 
to lesser extent, and rarely occurs in nature.  Chromium (VI) is produced by anthropogenic sources 
(ATSDR, 2008b).  Chromium (III) is generally insoluble in water, while some chromium (VI) 
compounds dissolve more easily (ATSDR, 2008b).  There are numerous potential anthropogenic 
sources of chromium at the RP property and vicinity including the historical ESCO landfill and 
historical operations at Gasco, ESCO, NL/Gould, Schnitzer/Air Liquide, Kinder Morgan/Willbridge, GS 
Roofing, Metro, and Arkema, but distribution and concentrations of chromium suggest that the source 
is likely related to chromium content of fill and formation materials.    

Published studies provide representative background concentrations of chromium in soil and 
groundwater in Oregon and Washington.  DEQ provides a value of 42 mg/kg as the 90th percentile of 
background chromium concentrations in soil based on a study by the Washington Department of 
Energy (DEQ, 2002).  The USGS, however, has published a study providing a background chromium 
concentration in Portland-area soil of up to 80 mg/kg (Gustavsson et al., 2001).  The DEQ-directed 
site-specific background total and dissolved chromium concentrations established for the project are 
0.00359 and 0.00162 mg/L, respectively (DEQ, 2009d). 

Chromium detections in soil in the RP property vicinity do not exceed the RSL of 120,000 mg/kg and 
fall within the range of published background concentrations.  Chromium was detected below the 
DEQ published background concentration of 42 mg/kg in 294 of the 342 (86%) samples in which 
chromium was detected.  Chromium was detected below the USGS published background 
concentration of 80 mg/kg in 310 (95%) of samples in which chromium was detected.  Chromium 
concentrations above the USGS background value of 80 mg/kg were detected within 5 feet of the 
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ground surface at the HA and the Metro Site, ESCO, and Schnitzer/Air Liquide sites, but these 
detections are localized, and bounded by concentrations below established native background.  

Chromium concentrations varied significantly between the IA, NPA, and the HA.  Chromium 
concentrations in soil on vicinity properties typically were lower than at the RP property.  Chromium 
was detected at concentrations ranging from 10.5 mg/kg to 21.3 mg/kg in soil samples from the 
Riverbank on the Arkema Site, below both published background concentrations and the SCE SLV of 
37 mg/kg. 

Total and dissolved chromium in groundwater (assumed to be chromium[III] based on geochemistry, 
lack of use of hexavalent chromium products, and lack of detections of chromium[VI] in groundwater) 
did not exceed the RSL.  Chromium was not detected in wells at the Riverbank on the Arkema Site. 

8.12.1.3 Cobalt  

Despite the presence of elevated cobalt concentrations in certain locations, there is no evidence of 
specific sources or plumes of cobalt in the groundwater data from any stratigraphic unit at the RP and 
vicinity properties, and the cobalt results are likely related to dissolution of cobalt from fill and 
formation materials due to local geochemical conditions. 

Cobalt is a naturally occurring component of soil in the Willamette Basin (Shacklette and Boerngen, 
1984), and there are multiple anthropogenic sources of cobalt to soil and groundwater at the RP and 
vicinity properties.  The USGS has published studies providing a background cobalt concentration in 
Portland-area soil of up to 70 mg/kg.  USGS has reported an average background concentration of 9 
mg/kg (Shacklette and Boerngen, 1984), and has reported that the breakpoint concentration between 
native concentration of cobalt in bed sediment and concentrations that may reflect some localized 
influence occurs at 30 mg/kg (Shacklette and Boerngen, 1984; Hinkle, 1999).  The site-specific 
background total and dissolved cobalt groundwater concentrations established for the project are 
0.002 and 0.0018 mg/L, respectively (DEQ, 2009d). 

Cobalt was analyzed in soil samples from limited areas at the RP property and vicinity including the 
LADD area, the former Doane Lake area, the HDD, and the Riverbank.  Cobalt was widely detected in 
soil at concentrations up to 81.9 mg/kg, but was not detected above the RSL of 300 mg/kg in the 88 
samples in the RI data set with detected cobalt concentrations.  The highest cobalt concentrations 
were detected in the LADD area and the HDD.  Cobalt was not detected above the SCE SLV of 20 
mg/kg in soil samples collected from the Riverbank, and is not considered a concern for source 
control. 



 

AMEC Earth & Environmental, Inc. 
Project No.:  0-61M-107030/Phase 0104/T6 431 
K:\10000\10700\10703\0100 RI-FS-ROD\0104 RI Report\Draft RI\RI-SCE Report.Docx 

Cobalt was analyzed in groundwater samples from the RP property and each vicinity property.  Total 
and dissolved cobalt are widely distributed in groundwater across the RP property and vicinity in all 
stratigraphic units except for the Troutdale Formation.  Total cobalt concentrations were detected 
above the RSL of 0.011 mg/L in only 79 of 324 samples analyzed for this element, and was detected 
at levels above the RSL and the site-specific background concentrations for total cobalt at the RP 
property and most vicinity properties.  Groundwater samples with cobalt concentrations above the 
RSL were localized, and were typically interspersed with samples with concentrations that were below 
the site-specific background or samples in which cobalt was not detected.    

The highest cobalt concentrations in the RI data set were identified in the Fine-Grained Alluvium and 
the CRBG at the RP property and at the northern end of N.W. Front Avenue.  These areas with higher 
concentration were surrounded and interspersed with samples showing cobalt concentrations that 
were below site-specific background or were not detected.  Concentrations decreased between the 
RP property and the River.  Cobalt was detected at concentrations up to 0.04 mg/L, above the SCE 
SLV of 0.011 mg/L in some groundwater samples collected from Riverbank wells on the Arkema Site.  
Most near-River samples had reported cobalt concentrations below the SCE SLV. 

8.12.1.4 Iron  

Iron is a naturally occurring component of soil in the Willamette Basin (Gustavsson et al., 2001), and 
there are multiple anthropogenic sources of iron to soil and groundwater at the RP and vicinity 
properties.  The Washington Department of Ecology (Ecology, 1994) and the USGS (Gustavsson et 
al., 2001) provide a background soil concentration for Oregon and Washington of 59,000 mg/kg (6%).  
The DEQ-directed site-specific background total and dissolved iron groundwater concentrations 
established for the project are 1.22 mg/L and 0.026 mg/L, respectively (DEQ, 2009d).  The distribution 
and concentrations of iron at the RP property and vicinity suggest that the source is likely related to 
the iron content of fill and formation materials.    

Iron is widely distributed across the RP property and vicinity, and is detected on all properties on 
which it was analyzed.  Anthropogenic sources of iron to soil in the RP and vicinity properties include 
former Gasco MGP operations, foundry waste disposal on the ESCO Site, fill material in former 
Doane Lake, GS Roofing and Metro operations, and dredged material.  The release of battery acid 
from historical operations at the NL/Gould Site also led to dissolution of iron from fill and formation 
materials in the area of former Doane Lake.  

Iron was not detected above the RSL (720,000 mg/kg) or published background values in the 377 soil 
samples in which it was analyzed.  Iron was detected above the SCE SLV of 10 mg/kg in soil samples 
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collected from wells near the Riverbank, although the SCE SLV is lower than the recognized native 
background concentration for iron in soil. 

Iron is widely distributed in groundwater across the RP property and vicinity.  Iron was generally not 
detected above the RSL of 26 mg/L, although a few samples on most properties did exceed this level.  
Samples with concentrations above the RSL were generally surrounded by samples with iron 
concentrations below the RSL.  The greatest number of samples with iron concentrations above the 
RSL was located in the Fine-Grained Alluvium within and around the borders of the NL/Gould Site.  
This is likely as a result of historical discharge of battery acid. 

Iron was detected at concentrations above the SCE SLV of 1 mg/L in nearly all groundwater samples 
collected from the RP property and vicinity, and in nearly all near-River monitoring wells except those 
wells completed in the Alluvial Colluvial Gravel and CRBG.  Iron concentrations in other near-River 
wells were consistent with the range of iron concentrations in groundwater throughout the property 
vicinity.  There is no pattern or apparent concentration gradient from any area of higher concentration 
toward near-River wells.  The overall lack of any pattern in groundwater concentration distributions 
indicates that the source of iron in groundwater in near-River wells is related to interactions between 
groundwater and subsurface materials, and is controlled by localized variations in geochemistry. 

8.12.1.5 Lead  

Lead is a naturally occurring component of soil in the Willamette Basin (Gustavsson et al., 2001).  
There are multiple anthropogenic sources of lead to soil and groundwater in the RP property vicinity, 
including historical operations at the NL/Gould Site as well as Arkema, ESCO, Gasco, GS Roofing, 
Kinder Morgan/Willbridge, and Schnitzer/Air Liquide sites.  Oregon DEQ (DEQ, 2002) and USGS 
(Gustavsson et al., 2001) provide representative soil background concentrations of 17 to 18 mg/kg in 
native soil and surficial materials.  The site-specific background total and dissolved lead groundwater 
concentrations established for the project are 0.001 mg/L and 4.59E-04 mg/L, respectively (DEQ, 
2009d). 

Lead is widely distributed and is detected on all properties on which it was analyzed.  Lead was 
detected above the background concentration of 18 mg/kg in 307 of 551 (56%) samples analyzed; 
however, lead was detected above the RSL of 800 mg/kg in only 48 (9%) of these samples.  The main 
source of elevated lead is from historical battery recovery operations on the NL/Gould Site.  Lead was 
detected above the soil RSL near the border of the RP property and the NL/Gould Site, on the 
NL/Gould Site within the former Doane Lake footprint, and on the Metro and Schnitzer/Air Liquide 
Sites.  The highest lead concentrations in soil were within 10 feet of the ground surface in former 
Doane Lake near the NL/Gould Site, and on the NL/Gould Site.  Lead was detected at concentrations 
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up to 41.3 mg/kg, slightly above the SCE SLV of 35 mg/kg, in one soil sample from the Riverbank on 
the Arkema Site, consistent with disposal of lead-graphite anode debris associated with historical 
chlorine manufacture at the Arkema Site. 

Total and dissolved lead is widely distributed in groundwater across the RP property vicinity.  Total 
lead was detected above the RSL of 0.015 mg/L in 153 of 954 (16%) samples analyzed.  Lead was 
detected above background in groundwater samples from the RP property and vicinity properties.  
Total lead was detected above the background concentration in 267 of the 954 (28%) samples 
analyzed.  The highest lead concentrations in the RI data set were detected in the Artificial Fill and the 
Fine-Grained Alluvium at the former Doane Lake area, the LADD area, and the NL/Gould and 
Schnitzer/Air Liquide sites, consistent with sources related to historical operations on the NL/Gould 
Site.  Lead was detected at concentrations up to 0.0427 mg/L, above the SCE SLV of 5.40E-04 mg/L, 
in groundwater samples from the Fine-Grained Alluvium and the CRBG at the Riverbank at the 
Arkema Site, consistent with disposal of lead/graphite electrode waste. 

8.12.1.6 Manganese  

Manganese is a naturally occurring component of soil and groundwater in the Willamette Basin 
(Gustavsson et al., 2001).  There are multiple anthropogenic sources of manganese to soil and 
groundwater in the RP property vicinity, including ESCO and GS Roofing sites.  The USGS provides a 
background concentration for manganese in Portland-area soils and surficial materials of 880 mg/kg 
(Gustavsson et al., 2001).  The DEQ-directed site-specific background total and dissolved manganese 
groundwater concentrations established for the project are 0.637 mg/L and 0.171 mg/L, respectively 
(DEQ, 2009d).  The distribution and concentrations of manganese at the RP and vicinity properties 
suggest that the source is likely related to manganese content of fill and formation materials.     

Manganese is widely distributed across the RP property and vicinity, and is detected on all properties 
on which it was analyzed.  Manganese was not detected above the RSL of 23,000 mg/kg in shallow 
soil at the RP property vicinity.  Manganese was not detected above the SCE SLV of 1,100 mg/kg in 
soil samples from the Riverbank. 

Total and dissolved manganese are widely and consistently distributed in groundwater across the RP 
property and vicinity.  They were detected above the RSL of 0.88 mg/L at each property in the RP 
property vicinity and above the SCE SLV of 0.01 mg/L at concentrations up to 25.2 mg/L, in 
groundwater at the Riverbank.  The highest concentrations of manganese were in the Fine-Grained 
Alluvium.  However, the distribution across properties is consistent, and no clear source is apparent.  
The overall distribution of manganese in soil and groundwater is related to interaction between 
groundwater and subsurface materials, and not to specific releases. 
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8.12.1.7 Mercury  

Mercury is a naturally occurring component of soil and groundwater in the Willamette Basin (DEQ, 
2002).  There are multiple potential anthropogenic sources of mercury to soil and groundwater in the 
RP property vicinity, including Arkema, GS Roofing, Kinder Morgan/Willbridge, and Schnitzer/Air 
Liquide sites, and River dredge materials used as fill.  However, the distribution and concentrations of 
mercury at the RP property and vicinity suggest that the source is likely related to natural background, 
except for the isolated higher concentration area located on the Arkema Site.  DEQ provides a native 
background concentration for mercury in Portland-area soils and surficial materials of 0.07 mg/kg 
(DEQ, 2002).  The site-specific background total and dissolved mercury groundwater concentrations 
established for the project are 5.30E-04 mg/L and 2.00E-04 mg/L, respectively (DEQ, 2009d). 

Total mercury is widely distributed across the RP property and vicinity.  It was detected at all 
properties on which it was analyzed.  Mercury was detected above the RSL of 310 mg/kg only in 1 of 
the 451 samples for which it was analyzed.  The one exceedance (964 mg/kg) was in a soil sample 
collected at 3 to 4 feet bgs the IA in 1993 and was much greater than any other mercury detections in 
the IA or other areas of the RP property vicinity.  The date of the analysis and the inconsistent results 
compared to all other mercury results make this value suspect.  Mercury was detected at 
concentrations up to 0.14 mg/kg, below the SCE SLV of 0.2 mg/kg, in soil samples from the 
Riverbank at the Arkema Site.  While there are a few isolated higher detections of mercury in soils at 
the RP and vicinity properties, there is no evidence of a widespread distribution of mercury from 
anthropogenic sources in soil. 

Site-specific background concentrations for total and dissolved mercury are 5.3E-04 mg/L and 2E-04 
mg/L, respectively.  Total and dissolved mercury in groundwater did not exceed the RSL of 0.011 
mg/L.  Mercury was detected at concentrations up to 0.00288 mg/L, above the SCE SLV of 1.2E-05 
mg/kg, in samples collected from monitoring wells at the Riverbank on the Arkema Site in 2007.    

8.12.1.8 Vanadium 

Vanadium is a naturally occurring component of soil and groundwater in the Willamette Basin 
(Gustavsson et al., 2001).  USGS provides a background concentration for vanadium in Portland-area 
native soils and surficial materials of 150 mg/kg (Gustavsson et al., 2001).  The DEQ-directed site-
specific background total and dissolved vanadium groundwater concentrations established for the 
project are 0.0318 mg/L and 0.0274 mg/L, respectively (DEQ, 2009d).  The distribution and 
concentrations of vanadium at the RP property and vicinity suggest that the source is likely related to 
vanadium content of fill and formation materials.     
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Vanadium is widely distributed across the RP property and vicinity and was detected on all properties 
on which it was analyzed.  Vanadium was not detected above the RSL of 5,200 mg/kg in any soil 
sample collected in the RP property vicinity.  Of 273 soil samples analyzed for vanadium, only 14 
samples (5.1%) had concentrations that exceeded the USGS background concentration of 150 mg/kg.  
Vanadium was detected at concentrations up to 123 mg/kg, above the SCE SLV of 57 mg/kg, in soil 
samples from the Riverbank at the Arkema Site.  This concentration is less than the published 
background value of 150 mg/kg, and below the range of 130 mg/kg to 290 mg/kg vanadium reported 
in bed sediments in the River by USGS (Harrison et al., 1997).  The vanadium distribution and 
concentrations at the RP property and vicinity are generally consistent with natural background. 

Total and dissolved vanadium are widely distributed across the RP property and vicinity and in the 
stratigraphic units.  The RSL for total and dissolved vanadium is 0.18 mg/L, and background 
concentrations for total and dissolved vanadium are 0.0318 and 0.0274 mg/L, respectively.  In 
groundwater, 95% of total vanadium (534 of 560) and 99% of dissolved vanadium (540 of 544) results 
had concentrations less than the RSL.  Only 58 total vanadium results and 32 dissolved vanadium 
results were above background concentrations.  Vanadium was detected at concentrations up to 2.38 
mg/L, greater than the SCE SLV of 0.0026 mg/L and background concentrations, in groundwater 
samples collected from Riverbank wells on the Arkema Site. 

8.12.2 Physical Properties/Environmental Fate 
Metals in contact with soil generally strongly adsorb to organic matter and other polar surfaces in the 
soil.  However, they may be transported by physical processes that lead to transport of the soil 
particles, or by geochemical reactions that promote dissolution.  Physical properties of arsenic, 
chromium, cobalt, iron, lead, manganese, mercury, vanadium, as well as chloride and ammonia, and 
their general behavior in the environment, are presented in this section.  Information specific to the 
environmental fate and transport of these inorganics is provided in Section 8.12.5. 

8.12.2.1 Arsenic 

Arsenic is abundant in the Earth’s crust (average 1.5 ppm) and commonly found in soil and sediment.  
It is a prolific byproduct of volcanic eruptions, metal smelting, and coal burning, and is a byproduct of 
mining for elements and ores commonly associated with arsenic, such as copper, cobalt, nickel, lead, 
silver, and tin.  Arsenic is used in the manufacture of pesticides and semiconductors, and the vast 
majority (90%) of current Arsenic production and use is for wood preservation (HSDB, 2010b; 
ATSDR, 2007a). 

Mudstones, shales, and slates have the highest concentrations among common rock types.  High 
concentrations of arsenic are found in basalt (up to 113 mg/kg) and sandstone (up to 120 mg/kg) 
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(Smedley and Kinniburgh, 2002).  High concentrations of Arsenic can be found in some coals and is 
associated with manufactured gas plant waste.    

Arsenic is found mainly bonded to metals such as iron, (e.g., iron arsenide [FeAs2

Arsenic occurs in two major oxidation states, arsenic(III) and arsenic(V).  Arsenic(III) is mainly present 
in anoxic environments while arsenic(V) is found in oxidized environments.  Both species transport as 
oxyanions (negatively charged ions containing oxygen) in the natural environment and form strong 
complexes with metal oxides such as aluminum oxide and iron oxides.  These oxides can transform 
the oxidation state of arsenic(III) to arsenic(V) which changes the toxicity and mobility of arsenic.  
Controls on arsenic mobility in the environment are generally related to its sorption onto solids, 
sediments, and formation material.  Arsenic mobility is controlled by co-precipitation with iron oxide in 
oxidizing environments.  In iron-poor or partially reducing environments, arsenic is mobile.  Microbial 
interactions can serve to mobilize, immobilize, or change the toxicity of arsenic compounds by 
methylation or oxidation-reduction reactions.  Mechanism of arsenic release into the environment 
includes microbial reduction of arsenic(V), reductive dissolution of metal oxyhydroxide phases such as 
ferrihydrite and goethite, and competition of solutes for sorption sites on metal oxides.  Arsenic is also 
adsorbed to clay minerals.  Mechanisms influencing arsenic include competition for available 
adsorption sites, formation of aqueous complexes, and/or changes in the redox potential of site 
surfaces and arsenic redox speciation.  Formation of arsenic sulfides is rarely observed in 
environmental contamination settings but can be important in strong sulfate-reducing conditions 
where hydrogen sulfide is formed (HSDB, 2010b; ATSDR, 2007a). 

], cobalt (e.g., 
arsenopyrite [FeAsS] and cobalite [CoAsS]), or nickel.  It also occurs as a minor component in the 
abundant sulfide mineral pyrite.  More rarely it occurs combined with copper or lead (ATSDR, 2007a). 

8.12.2.2 Chromium 

Chromium occurs in two main oxidation states, chromium and chromium(VI).  Chromium is abundant 
in the Earth’s crust (average 125 ppm) and commonly found in soil and sediment.  Chromium(VI) is 
rarely found in a natural state, and is not persistent in the environment under most conditions.  
Chromium is widely used in the production of various types of steel, alloy castings, nonferrous alloys, 
pigments, and bricks, and used in leather tanning.  Chromium(VI) is used in the production of 
pigments, and for metal finishing and wood preservation (HSDB, 2010d; ATSDR, 2008b). 

Sorption of chromium is dependent on the redox potential and pH, and can be complicated by redox 
changes.  Unlike chromium, adsorption of chromium(VI) decreases as pH increases.  The most 
common speciation in soil is chromium, which has low solubility and consequently low mobility.  
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Chromium compounds are generally insoluble in water, while chromium(VI) compounds are generally 
soluble (HSDB, 2010d; ATSDR, 2008b).    

8.12.2.3 Cobalt 

Cobalt is abundant in the Earth’s crust (average 18 mg/kg) and commonly found in soil and sediment.  
Cobalt is used in catalysts, colorants, and driers for paints, inks and varnishes, as well as in 
agriculture and for nutritional purposes, electroplating, and electronic devices.  It also is a component 
of vitamin B12.  Cobalt always occurs in nature in association with nickel, and commonly with arsenic 
(HSDB, 2010e). 

Cobalt is typically bound to soils with high pH, and those containing clay, natural organics, hydrous 
manganese, and iron oxides.  The mobility of cobalt increases as presence of these materials 
decrease.  Soluble cobalt released into water will adsorb to particles or humic acid substances.  It 
may precipitate out as carbonates and hydroxides or with mineral oxides.  Sediments and soils are 
frequently the ultimate sinks for cobalt (HSDB, 2010e; ATSDR, 2004b). 

8.12.2.4 Iron 

Iron is ubiquitous and is the second most abundant metal and the fourth most abundant element in 
the Earth’s crust (5.1% by weight).  Iron compounds are naturally released to the environment through 
weathering of soil and rocks.  Iron is used in catalysts, pigments, drugs, as well as in agriculture, 
nutrition, metallurgy, leather tanning, and the steel industry.  Iron is an essential element that is 
required by all forms of life and is an essential component of hemoglobin (HSDB, 2010f).   

Iron readily combines with oxygen in moist air and forms iron oxide (Fe2O3), better known as rust.  
The aqueous species are iron(II) and iron(III).  Iron(II) is moderately mobile in groundwater.  However, 
iron(III) is relatively immobile, as it rapidly precipitates as hydrous iron oxides at pH > 3.  Under some 
conditions, colloidal suspensions of undissociated hydrous iron oxide or iron-bearing organic 
complexes may be stable.  The most common ores of iron are the ferric oxides (Fe2O3) hematite and 
limonite; magnetite, an iron oxide (Fe3O4); and siderite, an iron carbonate (FeCO3

8.12.2.5 Lead 

) (HSDB, 2010f). 

Lead occurs naturally in the earth's crust (between 13 and 20 mg/kg).  Anthropogenic sources of lead 
include batteries, leaded gasoline, lead-based paint, lead solder in food cans, lead-arsenate 
pesticides, steel shot, sinkers, and many others (ATSDR, 2007d).     
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Lead rarely occurs as a pure element in the earth.  Lead mobility is low, restricted by a tendency to 
adsorb to manganese-iron oxides and insoluble organic matter.  However, lead mobility is affected by 
formation of soluble organic complexes and anion (Cl- and HCO3

-

8.12.2.6 Manganese 

) complexes (ATSDR, 2007d). 

Manganese is ubiquitous in the environment (crustal abundance approximately 950 mg/kg) and 
occurs naturally in more than 100 minerals.  It is released through the weathering of rocks and 
windblown soil.  Much of the anthropogenic emissions of manganese are attributable to iron and steel 
production facilities.  Manganese is used in many products such as antiknock agents, antiseptics, 
catalysts, dietary supplements, feed additives, fertilizers, pesticides, and pigments (HSDB, 2010h; 
ATSDR, 2008c).   

Manganese is mainly associated with iron and Mg in silicates and is present as manganese(II).  It 
never occurs as a pure element in nature.  It always combines with oxygen or other elements.  
Manganese’s mobility is intermediate to low, except in acid reducing environments where manganese 
can move very readily.  Manganese-oxide minerals co-precipitate or adsorb a very large number of 
trace elements (ATSDR, 2008c). 

8.12.2.7 Mercury 

Mercury occurs naturally as a mineral (crustal abundance approximately 0.05 mg/kg) and is 
distributed throughout the environment by both natural and anthropogenic processes.  Mercury 
generally tends to concentrate in sulfides and is found most commonly in the ore cinnabar which 
contains 86.2% mercury.  Mercury compounds may also be released through volcanic activity.  
Mercury is used in batteries, pigments, catalysts, explosives, laboratory-based research, and 
pharmaceutical applications.  It can be released to the environment through mining and smelting, 
certain types of chlor-alkali production facilities, combustion of fossil fuels, cement production, and 
medical and municipal waste incinerators (ATSDR, 1999b). 

Mercury has three valence states and is found in the environment in the metallic form and in various 
inorganic and organic complexes.  The bio-geochemical cycle of mercury includes volatilization into 
the atmosphere where it can undergo long-range transport, deposition to land and surface water, 
sorption to soil and sediment, and re-volatilization from land and surface water.  The transport and 
partitioning of mercury is influenced by the particular form of the compound.  In soils and surface 
waters, mercury exists in the mercuric (mercury(II)) and mercurous (mercury(I)) states as a number of 
complex ions with varying solubilities.  Volatile forms such as metallic mercury and dimethylmercury 
evaporate.  Volatilization from soils is controlled by temperature.  Nonvolatile forms of mercury 
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compounds partition to particulates in the soil or water column and eventually accumulate in 
sediments.  The dominant process controlling the distribution of mercury compounds in the 
environment is the sorption of nonvolatile forms to soil and sediment, with little resuspension from the 
sediments back into the water column.  Adsorption of mercury in soil is decreased with increasing pH 
and/or chloride ion concentrations.  The sorption process is correlated to the organic matter content of 
the soil or sediment, with mercury strongly adsorbing to humic materials.  Therefore, freshwater 
sediment and marine sediment are important sinks for inorganic forms of the element (ATSDR, 
1999b). 

8.12.2.8 Vanadium 

Vanadium compounds are widely distributed in the earth's crust (approximately 100 mg/kg).  There 
are about 65 different vanadium-containing minerals.  It is also found in phosphate rock, certain ores, 
and is present in some crude oils as organic complexes.  Vanadium is a constituent of nearly all coal 
and petroleum crude oils.  Vanadium compounds are released naturally to air through the formation of 
continental dust, marine aerosols, and volcanic emissions.  The natural release of vanadium to water 
and soils primarily occurs due to weathering of rocks and soil erosion.  Vanadium is used as a target 
material for X-rays, in the manufacture of alloy steels, as a catalyst for sulfuric acid and synthetic 
rubber, and in mineral fertilizers (ATSDR, 2009). 

Industrial sources of vanadium include as a by-product of the production of iron, phosphorus, and 
uranium production, and by-product of the manufacture of iron and from high vanadium waste 
streams such as oil-fired boiler ash and slag.  About 90 percent of vanadium used by industry goes 
into steel alloys.  Vanadium also does not easily absorb neutrons and has some applications in the 
nuclear power industry.  It has other applications such as acting as a catalyst for many industrial 
reactions, as a coloring material for glass and ceramics, and in the dyeing of textiles (ATSDR, 2009). 

Vanadium usually transports as an oxyanion.  Vanadium can be adsorbed from water by iron and 
titanium oxides; adsorption decreases with increasing pH, with maximum adsorption at low pH (3-4).  
(ATSDR, 2009). 

8.12.2.9 Chloride 

Chloride (Cl-) is present in the environment as a variety of different complexes.  Chlorine reacts with 
nearly all elements to form chloride compounds.  Chlorine hydrolyzes rapidly in water resulting in the 
production of chloride ions.  Chloride is also formed when chlorine dioxide reacts with water.  Chlorine 
dioxide is commonly used to treat drinking water (ATSDR, 2007b).  Chloride also is released as a 
result of chlorinated solvent biodegradation (Sun and Lu, 2006). 
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Chloride is the only form of chlorine with major significance in natural waters.  Chloride generally 
exhibits neutral behavior in water.  These ions generally do not participate in oxidation-reduction 
reactions, they do not form solute complexes to any significant degree, and they do not do not 
significantly adsorb to mineral surfaces.  The subsurface transport of chloride is, therefore, governed 
nearly solely by physical processes related to groundwater flow.  Due to this neutral behavior, chloride 
can sometimes be used as a groundwater tracer (ATSDR, 2007b). 

8.12.2.10 Ammonia 

Ammonia is a naturally occurring compound and is an intermediate in the nitrogen cycle.  It is 
essential for many biological processes and is ubiquitous in the environment in low concentrations.  
Ammonia is widely used as a fertilizer.  It is also used in cleaning products and as a developing agent 
in photocopying processes.  Ammonia is generated from the decay of organic material, and high 
levels of ammonia can result from the decomposition of animal wastes on feedlots or in sewage 
effluent   (ATSDR, 2004a). 

Due to its role in the nitrogen cycle, ammonia exists in every environmental media.  The dominant 
form of ammonia in water is the ammonium ion; however, ammonia and ammonium are in dynamic 
equilibrium.  Nitrogen fixation occurs when atmospheric nitrogen gas is converted to ammonia, which 
is then assimilated into amino acids.  Similarly, ammonification (or nitrogen mineralization) is the 
conversion of organic nitrogen into ammonia.  In water, ammonia can be transformed through 
nitrification or denitrification.  Removal of ammonium from water can also occur through volatilization 
or adsorption to sediments or suspended organic material.  Adsorption to sediment increases with 
increasing organic content, increased metal ion content, and decreasing pH.  In soil, ammonia may 
volatilize, adsorb to particulate matter, or undergo microbial transformation to nitrate or nitrite anions.  
Uptake by plants can also be a significant fate and transport process (ATSDR, 2004a). 

8.12.3 Data 
Most of the inorganic data for the RP RI were collected between 1982 and January 2010.  Pore water 
data and biota data were collected in December 2003 and June 2006, respectively.   

8.12.3.1 Data Sets 

Groundwater, soil, lake sediment, surface water, stormwater, storm sewer cleanout sediment, pore 
water, and biota at the RP property and vicinity have been sampled and analyzed for inorganics as 
summarized below.  A total of 2,354 samples from seven media have been analyzed for inorganics, 
for a total of 33,448 inorganic data points.  Data for each media are presented in the following tables: 
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● Soil:  Table C1-11; Figures F-0241 to F-0279 

● Groundwater (from monitoring wells):  Tables C3-10 and C3-11; Figures F-0636 to F-0735 

● Groundwater (grab samples from borings):  Tables C2-8 and C2-9; Figures F-0802 to F-
0825 

● Lake Sediment:  Table C7-9; Figures F-1081 to F-1093 

● Surface Water:  Table C5-9 and C5-10; Figures F-0951 to F-0974 

● Stormwater and Non-stormwater:  Table C8-9 and C8-10; Figures F-1171 to F-1175 

● Storm sewer cleanout sediments: Table C10-9 

● Pore Water:  Table C6-2; Figures F-0993 to F-1004 

● Biota:  Table C9-5 

The groundwater data set includes 1,724 samples from 276 monitoring wells.  The earlier 1982 
groundwater data set has limitations related to sampling methods employed and possibly analytical 
uncertainty, but has been included as directed by DEQ.   

8.12.3.2 Data Usability 

Inorganics were analyzed by more than 50 methods over the years.  Groundwater in 1982 was 
analyzed by EPA Method 6010M, denoting 6010 Modified.  This is the year and the method with the 
highest groundwater RSL exceedances of several metals.  It is unclear what modifications to EPA 
Method 6010 resulted in the designation of the method used as 6010M, or what effect this had on 
data usability.  Analytical data packages associated with these analyses are not available to confirm 
the method and technique used.  The magnitude and inconsistency of early results compared to later 
data suggests there were unit conversion or transposition issues when entering the data in the 
database.  The magnitude of detections was not replicated in subsequent sampling events at the 
same or nearby sampling locations.  Issues with the 1982 groundwater data set resulted in a skewed 
representation of actual field conditions at and near the RP property.  At the request of the DEQ, the 
1982 data is included in this evaluation.    

Soil samples from locations RPW-03 in 1981, and W-03, W-06 through W-12, W-15, and W-16 in 
1985, are from unknown depths.  They are presumed to be soil samples collected during well 
installation and, therefore, saturated samples from the screened interval.   
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8.12.4 Sources of Inorganics in the RP Property Vicinity 
A variety of sources in the vicinity of the RP property historically contributed metals to environmental 
media as inadvertent by-products of processes used by the owners and operators of the facilities 
(Section 3.2 and Table 3-A) and via natural processes.  These sources include the following. 

1.  Historical arsenical pesticide packaging, along with metal catalyst (aluminum chloride), 
acid, and chlorine use in the RP plant area.   

2.  Historical operations by NL/Gould and predecessors contributed to the presence of 
arsenic and antimony in former WDL (Section 3.2).  Activities at NL/Gould resulted in the 
disposal of battery casings, battery acid, and secondary lead smelter residuals on the 
NL/Gould Site and the adjacent former Doane Lake area .  COIs include antimony, 
arsenic, beryllium, cadmium, chromium, copper, lead, tin, zinc, as well as sulfate/sulfuric 
acid and ammonia.   

3.  Placement of metal debris and demolition debris for fill in former Doane Lake by various 
industrial facilities. 

4.  Historical materials from MGP operations at the Gasco Site have contributed to metals 
present in NDL and groundwater (Section 3.2).  Cyanide and metals are the primary 
COIs associated with the spent oxides from iron-impregnated wood chips used at the 
site.  Spent oxide, including wood shavings and residue from the gas purification, was 
placed in large piles on the northern portion of the Gasco Site.  These piles were 
estimated to contain 80,000-94,000 cubic yards of waste in 1956, some of which was 
removed in 1973.  However, remnants from the waste piles were ultimately mixed with 
quarry rock and tar to fill in the effluent tar pond area in the eastern corner of the property 
(NWN, 2008).  Media impacted include soil, groundwater, and River sediments, 
presumably related to overflow from settling ponds and sewer discharges from the site 
(NWN, 2008).  According to the RI report for the Gasco Site (HAI, 2007a), inorganic 
COIs include arsenic, cadmium, chromium, copper, cyanide, nickel, lead, and zinc.   

5.  Historical materials from operations at the Koppers Site have contributed to metals 
present in NDL (Section 3.2).  Waste effluent, stormwater, and boiler blow-down are 
discharged to Doane Creek and ultimately the River via City Outfall 22C.  Prior to 1988, 
the wastewater apparently was not treated.  Most of the investigations at the site were 
conducted at part of Gasco investigations.  Investigations were conducted from 2000 to 
2005 on the surface water and sediment of the City Outfall 22C and the drainages (North 
Doane Lake, Doane Creek, and Northwest Pond) that discharge to City Outfall 22C.  
Cyanide was detected in the surface water of City Outfall 22C and in the surface water 
from the Koppers culvert to Doane Creek.  The highest concentration of lead was from 
water discharging from Koppers culvert to Doane Creek (HAI, 2006).  

6.  Foundry sand fill placed into East Doane Lake by ESCO (Section 3.2).  An estimated 
528,000 cubic yards of waste was disposed of at the unlined ESCO Landfill adjacent to 
the north of the RP property between 1957 and 1979.  The landfill waste was composed 
of debris from ESCO off-site foundries, and consisted of 40% sand, 37% slag/firebrick 
waste, 18% dust, and 5% metals.  DEQ analysis of the dust entering the landfill indicated 
chromium at 8,300 mg/kg and lead at 4,500 mg/kg.  The foundry sand included zircon 
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sand (zirconium silicate), chromate sands (Cr2O3), and mixed silica sand.  In 1983, 
ESCO was ordered to return sands located at the landfill back to the foundry because 
the sands were being moved off-site by wind, erosion, and rain.  The types of metals 
deposited in the landfill are not defined in public records.  The DEQ ECSI database lists 
foundry sand, slag, demolition debris, dust, and foundry yard debris (including zirconium 
sand) as hazardous substances associated with the ESCO Site (DEQ, 2010f).  Aside 
from the chromium and lead levels contained in the dust in the landfill, contamination 
information in the database is limited to the lead contamination of groundwater at 
0.21mg/L  Based on known characteristics of the waste, the site is a potential source of 
iron, lead, manganese, zinc, chromium, aluminum, calcium, magnesium, nickel, and zinc. 

7.  ESCO has contributed metals to non-stormwater discharge, as evidenced by increasing 
metals concentrations near ESCO in non-stormwater samples from manholes in the City 
Outfall 22B storm sewer system. 

8.  Historical auto fluff processing, acetylene manufacture, and other operations on 
Schnitzer/Air Liquide Site; metals are included as part of Schnitzer/Air Liquide Site 
investigations (Section 3.2).  Mercury and chromium were detected above EPA toxicity 
limits in a “spent filter material” sample (SRH, 1989).  With respect to inorganics, 
constituents detected in environmental media at the site include arsenic (16 mg/kg in 
soil; 0.74 mg/L dissolved in groundwater), chromium (390 mg/kg in soil), and lead (230 
mg/kg in soil; 0.05 mg/L dissolved in groundwater) (DEQ, 2010e). 

9.  Historical operations by Schnitzer/Air Liquide contributed to the presence of mercury and 
other metals in former WDL via former Doane Lake (Section 3.2).  The 1987 NL/Gould RI 
Report indicated that the locations of lime waste and auto fluff disposal within the 
Schnitzer/Air Liquide Site were in the northern portion in or near East Doane Lake. 

10.  Kinder Morgan/Willbridge operations have contributed metals to soils, groundwater, and 
Outfall 22A (Section 3.2).  According to the Willbridge Facility RI Report (KHM, 2003), 
“Prior to the mid-1970s, sludges were disposed according to industry standards, which 
may have included on-site disposal.  On-site disposal of the sludges typically included 
spreading the material on the ground.”  Based on historical operations and waste 
handling as reported in the Willbridge Facility RI Report, COIs at the Kinder 
Morgan/Willbridge Site included metals, including arsenic, barium, beryllium, cadmium, 
chromium, copper, lead, magnesium, mercury, nickel, vanadium, and zinc (KHM, 2003).  
Arsenic was detected in most wells at the site in the 0.02 mg/L range, but higher arsenic 
concentrations (>0.1 mg/L) were detected in groundwater from the Chevron and Conoco 
terminal areas (KHM, 2003).  Arsenic was detected in most seep samples sampled along 
the Riverbank, with the highest concentration at 0.0396 mg/L. 

11.  Historical operations at the Arkema Site (Section 3.2).  Samples collected in 1978 from 
the Arkema chlorine condensate (after stripping) indicated contamination of several 
metals, including lead.  The chlorine condensate waste streams were discharged to the 
River without treatment prior to 1962.  The 1978 samples from the chlorine cell wash 
waste waters indicated contamination of several metals, including lead, chromium, and 
arsenic.  The chlorine cell wash waste streams were discharged to the River, as well as 
to brine ponds located on the Arkema Site.  The chlorate processes operated with 
hexavalent chromium (5 g/L) in the cell liquor, and for the first 48 years (through 1990), 
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the plant did not have facilities to recover the hexavalent chromium from the recirculating 
streams.  Additionally, the Arkema plant produced ammonia, and sodium perchlorate 
produced at the plant was reacted with hydrochloric acid and ammonia to produce 
ammonia perchlorate (Appendix L).   

12.  Placement of River dredge spoils potentially containing wastes from the McCormick & 
Baxter Site for fill in former Doane Lake, Arkema, Siltronic, Gasco, BNSF, and Gould. 

13.  Miscellaneous sources including mercury from diesel-powered truck and railroad 
locomotive exhaust. 

14.  Urban runoff from the Tualatin Mountains and Highway 30. 

15.  Particulate fall-out from regional coal burning and lead smelting. 

16.  Natural sources of arsenic (Hinkle and Polette, 1999) and other metals in local rock and 
sediment (Gustavsson et al., 2001). 

17.  Natural sources of arsenic and other metals from volcanic eruptions (Signorelli, 1997). 

The net effect of these various sources is evident in the absolute and relative concentrations of 
inorganics present in environmental media at different areas of the RP property and vicinity.  
Additional information relevant to differentiating contributions from these various sources can be found 
below and in Table 3.A. 

8.12.5 Nature and Extent of Inorganics in Environmental Media in the RP Property 
Vicinity 

Inorganics have anthropogenic and natural sources, and have been detected in groundwater, surface 
water, soil, sediment, stormwater, pore water, and biota samples collected from the RP property and 
vicinity.  Inorganics detections are widespread laterally and vertically as summarized below.  The 
pervasiveness of metals in the native materials and this presence of at least seventeen potential 
sources of metals complicates the interpretation of fate and transport.  Inorganic detections exceed 
their respective EPA 2010 Tap Water and Industrial Soil RSLs in all media at the RP property and 
vicinity.  However, inorganics in soil did not migrate beyond the immediate vicinity of releases at the 
RP property, and detections in off-property media are from sources other than the RP property.  
Inorganics in groundwater in the RP property and vicinity are ubiquitous and at high levels in all 
stratigraphic units.  Appendix C presents inorganic results and Appendix E presents the detected 
results screened against the May 2010 update to the EPA RSLs (EPA, 2010b).  

8.12.5.1 Soil  

A total of 551 soil samples were analyzed for inorganics.  Sample locations and distribution of 
inorganics are provided on Figures 4A and 4B and Figures F-1 through F-6 and F-241 through F-279 
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of Appendix F, respectively.  Soil inorganics data is provided in Appendix C, Table C1-11, and the RI 
soil screening table is provided in Appendix E, Table E-1.     

Soils on the RP property contain high levels of organic carbon and iron.  Data indicate that metals 
present on the RP property due to historical manufacturing and disposal practices are localized in or 
near sources and are not subject to ongoing transport away from those sources.  The high levels of 
organic carbon, as well as the formation of insoluble iron precipitates, likely have adsorbed and 
sequestered the metals near the source area, thereby limiting migration.    

Figures F-241 through F-243 of Appendix F present the distribution of arsenic in soil.  Arsenic is 
widely distributed across the RP property and vicinity, and was detected above the RSL in all soil 
samples from all properties for which it was analyzed.  The RSL for arsenic in soil is 1.60 mg/kg.  
Arsenic was detected above the RSL in 490 of 509 soil samples.   

Arsenic 

Arsenic is a naturally occurring component of soil in the Willamette Basin (Hinkle and Polette, 1999).  
Documents published by Oregon DEQ (DEQ, 2002), USGS (Gustavsson et al., 2001), and the 
Washington Department of Ecology (Ecology, 1994) provide average arsenic concentrations in native 
soil and surficial materials in Oregon and Washington ranging from 4 mg/kg to 10 mg/kg.   

There are also multiple potential anthropogenic sources of arsenic to soil in the RP property vicinity.  
Non-RP anthropogenic source contributors of arsenic include:   

● NL/Gould disposal of battery casings, battery acid, and secondary lead smelter residuals 
on the NL/Gould Site, the adjacent RP NPA, and the former East Doane Lake;  

● Gasco waste streams including spent oxide and residue from the gas purification placed in 
large piles on the northern portion of the Gasco Site, some of which was mixed with quarry 
rock and tar to fill in the effluent tar pond area on the eastern corner of the property;  

● Auto fluff operation and other operations on Schnitzer/Air Liquide Site;  

● Kinder Morgan/Willbridge operations, which may have included spreading waste stream 
sludge on the ground; and 

● Waste streams from chlorine cell wash and other operations at the Arkema Site.   

Isolated locations with highly elevated arsenic concentrations clearly are present in soil at the RP 
property and several vicinity properties representing localized release areas; however, the 
consistency of arsenic detections above published background concentrations and the RSL 
demonstrates that local industrial background levels across the RP property and vicinity are higher 
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than the RSL and background concentrations in areas away from industrial land use.  A summary of 
the arsenic data relative to published background concentrations and the RSL is provided below. 

Arsenic was detected above published background soil concentrations at the RP property and each 
vicinity property.  Arsenic concentrations exceeded 4 mg/kg (the lower bound of the range of 
published background concentrations) in 71% of samples and concentrations in these samples 
exceeded 4 mg/kg by an average of 11 times.  Arsenic was detected above 10 mg/kg (the upper 
bound of the range of published background concentrations) in 38% of samples.  Arsenic 
concentrations greater than 10 mg/kg were detected at the RP property, the LADD area, the former 
Doane Lake area, the HDD, City property near the Guilds Lake pump station, and at the ESCO, 
Metro, and Schnitzer/Air Liquide sites. 

Arsenic was detected above the industrial soil RSL (1.60 mg/kg) on all properties in the RP property 
and vicinity for which it has been sampled.  Arsenic concentrations exceeded the RSL by an average 
of 22 times.  The highest detections of arsenic in soil are centralized in the HA and IA, where at 
maximum they exceeded the screening level by approximately 1,000 times at HA-03 (6 to 8 feet bgs) 
and 800 times at ITP-09B (3 to 4 feet bgs).  The next highest arsenic detections in soil occurred on 
the Schnitzer/Air Liquide Site, where the maximum detection was 100 times the screening level (SD-
11).  The high detections of arsenic in soils in the HA and IA are historical detections from samples 
between the early 1990s and 2000.   

The highest arsenic soil concentrations were detected within 10 feet of the ground surface at the IA 
and HA where insecticides and herbicides were historically handled.  Arsenic in HA soil exceeded the 
RSL in all 81 samples, with a maximum concentration over 1,000 times the RSL.  Arsenic was 
detected above 10 mg/kg in 50 (65%) HA soil samples.  Arsenic in IA soil exceeded the RSL in 141 of 
149 (97%) samples, with a maximum concentration 812 times the RSL.  Arsenic was detected above 
10 mg/kg in 74 (50%) IA soil samples.  The highest arsenic concentrations detected in soil samples 
typically were surrounded by results at least an order of magnitude lower, including results below 
background concentrations.  The limited extent of highly elevated arsenic impacts in soil is 
demonstrated around the highest arsenic detections in the HA.  Arsenic was detected at 1,120 mg/kg 
at 9 to 10 feet bgs in HA-17 and at 1,610 mg/kg at 6 to 8 feet bgs in HA-03; however, the highest 
arsenic detections in soil samples surrounding these locations were at least two orders of magnitude 
lower.   

The highest arsenic concentration at vicinity properties was detected at the Schnitzer/Air Liquide Site 
where the maximum detection was 100 times the RSL and 16 times the upper range of background 
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concentrations.  Arsenic was detected at concentrations up to 5.86 mg/kg in soil samples from the 
Riverbank at the Arkema Site, above the RSL of 1.60 mg/kg. 

The highest arsenic soil concentration was 1,610 mg/kg at HA-03 (6 to 8 feet bgs) in the HA, followed 
by 1,300 mg/kg at ITP-09B (3 to 4 feet bgs) in the IA i and 1,120 mg/kg at HA-17 (9 to 10 feet bgs) in 
the HA.  Other arsenic detections above the RSL in the HA ranged from 1.82 mg/kg at HA-12 from 0.5 
to 1 feet bgs) to 743 mg/kg  at PL-06 from 0 to 0.5 feet bgs, and other detections above the RSL in 
the IA ranged from 2 mg/kg (various locations) to 912 mg/kg (ITP-09C from 1 to 2 feet bgs).  Arsenic 
detections above the RSL in the NPA (including LADD samples discussed below) were up to 136 
mg/kg (Cell 12 from 0.1-0.4feet bgs).  Arsenic detections above the RSL in former WDL treatability 
study samples in 2006 and 2008 ranged from 21 to 61 mg/kg.   

Arsenic detections above the RSL in soil from the HDD ranged from 2.51 mg/kg in HDD-207 (13 to 15 
feet bgs) to 46.5 mg/kg in HDD-102 (0.2 to 1.5 feet bgs).  Detections in the LADD ranged from 7.13 
mg/kg at LADD-104 (5 to 10 feet bgs) to 62 mg/kg  in LADD 103 (1 to 5feet bgs). 

Arsenic detections above the RSL in shallow soil (less than 15 feet bgs) on the ESCO Site ranged 
from 3.30 mg/kg to 5.30 mg/kg.  RSL exceedances in surface samples on NL/Gould Site ranged from 
15 mg/kg (SS-12) to 99 mg/kg (SD-02).  On Schnitzer/Air Liquide Site, arsenic RSL exceedances in 
surface soils ranged from 6.50 mg/kg (SS-19) to 160 mg/kg (SD-11).  Arsenic RSL exceedances on 
the Arkema Site ranged from 2.00 mg/kg (ARK-06 at 2-3 feet bgs) to 5.86 mg/kg at ARK-20 at 13-15 
feet bgs (collected below the water table) near the Riverbank.  

Figures F-250 through F-252 of Appendix F present the distribution of chromium in soil.  Chromium is 
widely distributed across the RP property and vicinity, and was detected in all properties for which it 
was analyzed.  The RSL for chromium in soil used for comparison is 120,000 mg/kg.  Chromium was 
not detected above the RSL in any samples in the RI data set.   

Chromium 

Chromium is a naturally occurring component of soil in the Willamette Basin (Gustavsson et al., 
2001).  Published studies provide representative background concentrations of chromium soil and 
groundwater in Oregon and Washington.  DEQ provides a value of 42 mg/kg as the 90th percentile of 
background chromium concentrations in soil based on a study by the Washington Department of 
Energy (DEQ, 2002; Ecology, 1994).  The USGS, however, has published a study providing a 
background chromium concentration in Portland-area soil of up to 80 mg/kg (Gustavsson et al., 2001).   
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The ESCO landfill adjacent to the north of the RP property is a likely industrial source of chromium.  
An estimated 528,000 cubic yards of waste was disposed of at the unlined ESCO Landfill between 
1957 and 1979 (Section 3.2).  The landfill waste was composed of debris from ESCO off-site 
foundries, and consisted of 40% sand, 37% slag/firebrick waste, 18% dust, and 5% metals.  DEQ 
analysis of the dust entering the landfill indicated chromium at 8,300 mg/kg and lead at 4,500 mg/kg.  
The foundry sand included zircon sand (zirconium silicate), chromate sands (Cr2O3), and silica sand 
mixed.  In 1983, ESCO was ordered to return sands located at the landfill back to the foundry 
because the sands were being moved off-site by wind, erosion, and rain.  The type of metal deposited 
in the landfill is not defined in public records.  This evidence makes it clear that one source of high 
detections of chromium in soils is debris deposited into the unlined ESCO landfill. 

All chromium detections in soil are below the RSL, and most fall within the range of published 
background concentrations.  Chromium was detected below the DEQ published background 
concentration of 42 mg/kg in 294 of the 327 (91%) samples in which chromium was detected.  
Chromium was detected below the USGS published background concentration of 80 mg/kg in 310 
(95%) of samples in which chromium was detected.  Chromium concentrations above the USGS 
background value of 80 mg/kg were detected within 5 feet of the ground surface at the HA and the 
Metro, ESCO, and Schnitzer/Air Liquide sites.   

The highest chromium soil concentration in shallow soils occurred in the HA, where concentrations 
ranged from 6.87 mg/kg  at HA-08 (17-19 feet bgs) to 429 mg/kg at HA-05 (3 to 5 feet bgs).  In 
shallow soils in the IA, chromium concentrations ranged from 9.51 mg/kg IA-200 (surface soil) to 134 
mg/kg at IA-02 at (1-3 feet bgs).  In shallow soils in the NPA, chromium concentrations ranged from 
2.05 mg/kg  at LA-200 (surface soil) to 92.1 mg/kg at LA-01 (4 to 6 feet bgs).  In LADD samples, 
shallow soil chromium detections ranged from 24.9 mg/kg  at LADD-102 (5 to 10 feet bgs) to 54.3 
mg/kg at LADD-102 (0 to 1 feet bgs).  Chromium RSL detections in HDD samples ranged from 5.40 
mg/kg at HDD-201 (0 to 2 feet bgs) to 53.8 mg/kg (HDD-203 at 0-2 feet bgs). 

Chromium detections in surface soils on ESCO Site ranged from 16 mg/kg (DBM-08) to 170 mg/kg 
(SS-32).  At NL/Gould, chromium detections in surface soils ranged from 15 mg/kg (SS-03) to 48 
mg/kg (SD-02).  Detections in surface soil at the Schnitzer/Air Liquide Site ranged from 12 mg/kg (SD-
11) to 390 mg/kg (SS-15).  At Arkema, chromium detections ranged from 10.4 mg/kg at ARK-06 (2-3 
feet bgs) to 21.3 mg/kg at ARK-20 (13-15 feet bgs, collected beneath the water table).  The highest 
detection of arsenic on Arkema Site also occurred at 13-15 feet bgs in sample ARK-20. 
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Figures F-253 through F-255 of Appendix F present the distribution of cobalt in soil.  Cobalt is widely 
distributed across the RP property and vicinity, and was detected for all properties on which it was 
analyzed.  Cobalt is a naturally occurring component of soil in the Willamette Basin (Shacklette and 
Boerngen, 1984)  The USGS has published a study providing a background cobalt concentration in 
Portland-area soil of up to 70 mg/kg with an average background concentration of 9 mg/kg 
(Shacklette and Boerngen, 1984).   

Cobalt 

Cobalt was analyzed in soil samples from limited areas at the RP property and RP property and 
vicinity including the LADD area, the NPA, and the HDD.  Cobalt was widely detected in soil at 
concentrations up to 81.9 mg/kg, but was not detected above the RSL of 300 mg/kg in the 88 samples 
in the RI data set.  The highest cobalt concentrations were detected in the LADD area and the HDD.  
Cobalt was not detected above the SCE SLV of 20 mg/kg in soil samples collected from the 
Riverbank. 

Figures F-262 through F-264 of Appendix F present the distribution of iron in soil.  Iron is widely 
distributed across the RP property and vicinity, and was detected on all properties for which it was 
analyzed.  Iron is a naturally occurring component of soil in the Willamette Basin (Gustavsson et al., 
2001), and there are multiple anthropogenic sources of iron to soil in the RP property vicinity.  The 
Washington Department of Ecology (Ecology, 1994) and the USGS (Gustavsson et al., 2001) provide 
background soil concentrations for Oregon and Washington of 59,000 mg/kg (6%).   

Iron 

Iron was not detected above the RSL (720,000 mg/kg) or published background values in the 377 
samples in which it was analyzed.  The highest iron concentrations in shallow soil samples collected 
since 2000 were detected in the LADD area, the NPA, the HDD, and at the Siltronic Site.  Iron 
concentrations detected at the Arkema Site were lower than in these areas, but were higher than in 
the HA or IA.  Iron was detected above the SCE SLV of 10 mg/kg in soil samples collected from wells 
near the Riverbank. 

Figures F-265 through F-267 in Appendix F present the distribution of lead in soil.  Lead is widely 
distributed across the RP property and vicinity, and was detected on all properties for which it was 
analyzed.  Lead is a naturally occurring component of soil in the Willamette Basin (Gustavsson et al., 
2001), and there are multiple anthropogenic sources of lead to soil in the RP property vicinity.  The 
RSL for lead in soil is 800 mg/kg.  Lead was detected above the RSL in 48 of the 551 samples for 
which it was analyzed.  Documents published by Oregon DEQ (DEQ, 2002) and USGS (Gustavsson 

Lead 
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et al., 2001) provide a background lead concentration of 17 mg/kg to 18 mg/kg in native soil and 
surficial materials.   

Lead concentrations in the IA and HA were below the RSL, with the exception of P-1 and P-2, located 
adjacent to the Metro Site, where lead was detected at 1,030 mg/kg and 1,980 mg/kg, respectively, in 
surface soil (Figure F-266 in Appendix F).  Lead detections exceeding the RSL in the NPA ranged 
from 831 mg/kg at BTB-5-20 (0 to0.5 feet bgs) to 30,300 mg/kg at LA-203 (8 feet bgs).  Lead was not 
detected above the RSL in LADD or HDD samples.   

Lead detections greater than the RSL in surface soil on the NL/Gould Site ranged from 1,500 mg/kg 
(SS-12) to 20,000 mg/kg (SS-09).  Exceedances in shallow soil at the Schnitzer/Air Liquide Site 
ranged from 1,030 mg/kg at DLW (2.5 to 3.5 feet bgs) to 5,310 mg/kg at DLX (0.5 to 1.5 feet bgs).  
Lead was not detected above the RSL on other vicinity properties. 

Figures F-268 through F-270 in Appendix F present the distribution of manganese in soil.  Manganese 
is widely distributed across the RP property and vicinity, and was detected on all properties for which 
it was analyzed.  Manganese is a naturally occurring component of soil in the Willamette Basin 
(Gustavsson et al., 2001), and there are multiple anthropogenic sources of manganese to soil at the 
RP and vicinity properties.  A USGS publication provides a background concentration for manganese 
in Portland-area native soils and surficial materials of 880 mg/kg (Gustavsson et al., 2001).  
Manganese was not detected above the RSL of 23,000 mg/kg in soil above the water table in the RP 
property vicinity, and only one exceedance was found in soil below the water table (RP-06-105, at 
26,600 mg/kg). 

Manganese 

Figures F-271 through F-273 in Appendix F present the distribution of mercury in soil.  Mercury is 
widely distributed across the RP property and vicinity, and was detected on all properties for which it 
was analyzed.  Mercury is a naturally occurring component of soil in the Willamette Basin (DEQ, 
2002), and there are multiple anthropogenic sources of mercury to soil in the RP property vicinity.  
DEQ provides background concentration for mercury in Portland-area native soils and surficial 
materials of 0.07 mg/kg (DEQ, 2002).  The RSL for mercury in soil is 310 mg/kg.  Mercury was 
detected above the RSL only in 1 of the 451 samples for which it was analyzed.  The one 
exceedance, 964 mg/kg, occurred at ITP-09C (3 to 4 feet bgs) in the IA.   

Mercury 

Non-RP anthropogenic source contributors of mercury include: 
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● Historical auto fluff processing and other operations on the Schnitzer/Air Liquide property; 
metals are included as part of Schnitzer/Air Liquide Site investigations (Section 3.2).  
Mercury and chromium were detected above EPA toxicity limits in a “spent filter material” 
sample (SRH, 1989).   

● Historical operations by Schnitzer/Air Liquide contributed to the presence of mercury and 
other metals in former WDL via former Doane Lake (Section 3.2).  The 1987 NL/Gould RI 
Report indicated that the locations of lime waste and auto fluff disposal within the 
Schnitzer/Air Liquide Site were in the northern portion in or near East Doane Lake. 

● Kinder Morgan/Willbridge operations have contributed metals to soils, groundwater, and 
Outfall 22A (Section 3.2).  According to the Willbridge Facility RI Report (KHM, 2003), 
“Prior to the mid-1970s, sludges were disposed according to industry standards, which 
may have included on-site disposal.  On-site disposal of the sludges typically included 
spreading the material on the ground.”  Based on historical operations and waste handling 
as reported in the Willbridge Facility RI Report, COIs at the Kinder Morgan/Willbridge Site 
included metals, including arsenic, barium, beryllium, cadmium, chromium, copper, lead, 
magnesium, mercury, nickel, vanadium, and zinc (KHM, 2003).   

Figures F-274 through F-276 in Appendix F present the distribution of vanadium in soil.  Vanadium is 
widely distributed across the RP property and vicinity, and was detected on all properties for which it 
was analyzed.  Vanadium is a naturally occurring component of soil in the Willamette Basin 
(Gustavsson et al., 2001), and there are multiple anthropogenic sources of vanadium to soil in the RP 
property vicinity.  A USGS publication provides a background concentration for vanadium in Portland-
area native soils and surficial materials of 150 mg/kg (Gustavsson et al., 2001).  The RSL for 
vanadium in soil is 5,200 mg/kg.  Vanadium was not detected above the RSL in the 273 samples for 
which it was analyzed.   

Vanadium 

Non-RP anthropogenic source contributors of vanadium include: 

● Foundry sand fill placed into East Doane Lake by ESCO landfill (Section 3.2).  An 
estimated 528,000 cubic yards of waste was disposed of at the unlined ESCO Landfill 
adjacent to the north of the RP property between 1957 and 1979.  The landfill waste was 
composed of debris from ESCO off-site foundries, and consisted of 40% sand, 37% 
slag/firebrick waste, 18% dust, and 5% metals.  DEQ analysis of the dust entering the 
landfill indicated chromium at 8,300 mg/kg and lead at 4,500 mg/kg.  The foundry sand 
included zircon sand (zirconium silicate), chromate sands (Cr2O3), and silica sand mixed.  
In 1983, ESCO was ordered to return sands located at the landfill back to the foundry 
because the sands were being moved off-site by wind, erosion, and rain.  The type of 
metal deposited in the landfill was undefined in public records.  The DEQ ECSI database 
lists foundry sand, slag, demolition debris, dust, and foundry yard debris (including 
zirconium sand) as hazardous substances associated with the ESCO Site (DEQ, 2010f).  
Aside from the chromium and lead levels contained in the dust in the landfill, contamination 
information in the database is limited to the lead contamination of groundwater at 0.21 
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mg/L.  Based on known characteristics of the waste, the site is a potential source of iron, 
lead, manganese, zinc, chromium, aluminum, calcium, magnesium, potassium, sodium, 
sulfate, copper, titanium, and vanadium. 

● Kinder Morgan/Willbridge operations have contributed metals to soils, groundwater, and 
City Outfall 22A (Appendix L).  According to the Willbridge Facility RI Report (KHM, 2003), 
“Prior to the mid-1970s, sludges were disposed according to industry standards, which 
may have included on-site disposal.  On-site disposal of the sludges typically included 
spreading the material on the ground.”  Based on historical operations and waste handling 
as reported in the Willbridge Facility RI Report, COIs at the Kinder Morgan/Willbridge Site 
included metals, including arsenic, barium, beryllium, cadmium, chromium, copper, lead, 
magnesium, mercury, nickel, vanadium, and zinc (KHM, 2003).   

Vanadium detections in the HA ranged up to a maximum of 142 mg/kg (surface soil at HA-216).  In 
the IA, vanadium detections ranged up to 118 mg/kg at IA-01 (5.5-7 feet bgs).  In the fill material of 
the former Doane Lake area, vanadium ranged up to 185 mg/kg in surface soil at LA-204.  In LADD 
samples, vanadium was detected at a maximum concentration of 140 mg/kg (LADD-102 at 0-1 feet 
bgs).  In HDD samples, vanadium detections ranged up to 150 mg/kg (HDD-103 at 4-5 feet bgs).   

At the Arkema Site, vanadium was detected in shallow soil at a maximum of 123 mg/kg at ARK-18 
(11-12 feet bgs). 

Figures F-4 through F-6 in Appendix F present the distribution of chloride in soil.  There is no RSL for 
chloride.  The highest detections of chloride in shallow soil occurred in 2001 at HA-209 (663 mg/kg 
and 798 mg/kg at 2 feet bgs and 8 feet bgs, respectively), HA-207 (773 mg/kg at 8 feet bgs), HA-211 
(610 mg/kg and 526 mg/kg at 2 feet bgs and 8 feet bgs, respectively), and HA-210 (444 mg/kg and 
535 mg/kg at 2 feet bgs and 8 feet bgs, respectively).  The highest detections in shallow soil in the IA 
were 343 mg/kg at IA-204 (8 feet bgs) and 320 mg/kg at IA-208 (2 feet bgs) in 2001.  The highest 
detection in the fill material in the NPA was 483 mg/kg at LA-207 (8 feet bgs) in 2001.   

Chloride 

Chloride was also detected in several saturated samples (below the water table) at various places at 
and near the RP property, ranging from not detected to 936 mg/kg.  The highest detections (>900 
mg/kg) are from saturated samples collected during the 2006 installation of wells OW-01(61) and OW-
05(69) and from 35-40 feet bgs.  Groundwater detections of chloride at OW-01(61) generally 
decreased from 197 mg/L in July 2006 to 93.6 mg/L in February 2008.  In OW-05(69), chloride 
concentrations in groundwater varied between 80.2 and 96.6 mg/L from 2006 to 2008.   
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Figures F-1 through F-3 in Appendix F present the distribution of ammonia (as ammonia nitrogen) in 
soil.  There is no RSL for ammonia.  Detections of ammonia in shallow soil in the IA ranged from 2 
mg/kg at IA-204 (8 feet bgs) to 105 mg/kg at IA-200 (2 feet bgs).  Detections of ammonia in shallow 
soil in the HA ranged from 4 mg/kg at HA-205 (2 feet bgs) to 98 mg/kg at HA-206 (8 feet bgs).  
Detections of ammonia in the NPA ranged from 6 mg/kg at LA-206 (2 feet bgs) to 87 mg/kg at LA-207 
(8 feet bgs). 

Ammonia 

Ammonia was also detected in several saturated samples at various places at and near the RP 
property, ranging from not detected to 189 mg/kg.  The highest detections in saturated samples are 
from the 2009 installation of wells RP-26-79 (198 mg/kg) and RP-26-39 (180 mg/kg) on ESCO Site.  
In June 2009, the groundwater detection of ammonia at RP-26-79 was 13.6 mg/L, and at RP-26-39 it 
was to 1.40 mg/L.   

8.12.5.2 Groundwater 

A total of 1,232 samples from monitoring wells were analyzed for inorganics.  Sample locations and 
distribution of inorganic compounds are provided on Figures F-280 through F-283 (ammonia), F-300 
through F-303 (chloride), and F-636 through F-735 (metals) in Appendix F.  Groundwater inorganics 
data is provided in Appendix C, Table C3-1, C3-10, and C3-11, and the RI groundwater screening 
table is provided in Appendix E, Table E-2.   

There is no evidence of transport of metals from areas of higher concentration to the River in 
groundwater.  This absence of any focused plume of metals is likely related to geochemical controls 
such as the formation and agglomeration of iron precipitates in the groundwater system, and capture 
of other metals within the agglomerated particles.  The net effect of these processes is to greatly 
retard or eliminate transport of metals and low-solubility organic constituents, and to sequester metals 
near apparent source areas.  As a result, concentrations in groundwater located farther away from 
these apparent source areas represent the generalized local concentration that is not related to 
specific sources, but rather is related to a combination of contributions from fill and formation 
materials.   

Arsenic (total and dissolved) in groundwater was detected above the industrial RSL (4.50E-05 mg/L) 
in all stratigraphic units and on RP and all vicinity properties.  The highest groundwater detections 
were tens of thousands of times the RSL and occurred in the Alluvial-Colluvial Gravel in the former 
Doane Lake area and in the Artificial Fill on Schnitzer/Air Liquide Site.  Arsenic (total and dissolved) 
has been detected at thousands of times the RSL on the Siltronic, Kinder Morgan/Willbridge, ESCO, 
NL/Gould, Metro, and Arkema sites.  Upgradient of the RP property, west of Highway 30, arsenic 
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detections were greater than 100 times the RSL in the CRBG and nearly 80 times the RSL in the 
Fine-Grained Alluvium.  These results indicate that leaching of arsenic in soil on the RP property may 
have contributed to the high levels of arsenic in groundwater in the Alluvial-Colluvial Gravel near the 
former Doane Lake area, but that other sources have played larger roles in the widespread 
distribution of arsenic in groundwater. 

Figures presenting the distribution of total and dissolved arsenic in monitoring wells completed in the 
Artificial Fill, Fine-Grained Alluvium, and Alluvial-Colluvial Gravel/CRBG are in Appendix F, Figures F-
636 to F-639 (total), and F-640 to F-643 (dissolved).   

Arsenic 

Arsenic is a naturally occurring component of groundwater in the Willamette Basin (Hinkle and 
Polette, 1999), and there are multiple anthropogenic sources of arsenic to groundwater in the RP 
property and vicinity.  Total arsenic was detected in 67.1% of samples and dissolved arsenic was 
detected in 70.9% of samples.  Total and dissolved arsenic are widely distributed across the RP 
vicinity properties in all stratigraphic units; however, the distribution of concentrations does not 
indicate a clear arsenic plume moving from source areas toward the River.  The distribution of arsenic 
demonstrates localized areas of elevated arsenic in groundwater near apparent source areas.  These 
elevated arsenic detections frequently are surrounded by much lower concentrations, including 
concentrations below background levels.  The inconsistent distribution of arsenic in groundwater is 
likely driven by localized geochemical controls, resulting in the release or sequestration of arsenic, 
depending on very local conditions, such as pH due to acid releases or changes or redox conditions 
due to presence of biodegradable organic materials, rather than simple transport from source areas 
via groundwater.   

The RSL for total arsenic and dissolved arsenic is 4.50E-05 mg/L.  Total arsenic detections west of 
Highway 30, upgradient of the RP property, exceeded the RSL by approximately 53 to 79 times in the 
Fine-Grained Alluvium and 50 to 80 times in the CRBG.  Similarly, dissolved arsenic detections west 
of Highway 30, upgradient of the RP property, exceeded the RSL by approximately 22 to 56 times in 
the Fine-Grained Alluvium and 41 to 106 times in the CRBG.  Background concentrations for total and 
dissolved arsenic are 0.00363 mg/L and 0.00317 mg/L, respectively (Appendix J, Table J-3), more 
than 70 times the RSL.  

Artificial Fill:  Total arsenic was detected above the RSL of 4.50E-05 mg/L in all 88 Artificial Fill 
samples in the RI data set and was detected above the site-specific background concentration of 
0.00363 mg/L in 63 (72%) samples.  Dissolved arsenic was detected above the RSL in all 116 
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Artificial Fill samples and exceeded the site-specific background concentration of 0.00317 mg/L in 100 
samples.    

The distribution of total and dissolved arsenic in Artificial Fill groundwater does not indicate a discrete 
source area.  Arsenic concentrations over 0.1 mg/L have been detected at isolated locations in the HA 
and the LADD area and on the City, Schnitzer/Air Liquide, and  NL/Gould sites.  These detections are 
surrounded and separated from each other by much lower arsenic concentrations, including 
detections below background levels.  The distribution of arsenic in groundwater near RP-04-16 in the 
LADD area provides an example of the limited extent of elevated arsenic concentrations.  Total 
arsenic concentrations in the Artificial Fill at RP-04-16 have historically been among the highest in the 
RI data set, fluctuating between 0.185 mg/L and 0.633 mg/L in samples collected from April 2004 to 
May 2007.  However, arsenic concentrations in the Artificial Fill in W-08-26, located just north of RP-
04-16, and RP-16-25, located nearby to the south, historically have been much lower (up to 0.0158 
mg/L).  Arsenic was not detected at either W-08-26 or RP-16-25 during their most recent sampling 
events.  The CSM (Section 6.0) shows that constituents detected in the Artificial Fill at the HA are 
expected to migrate downward to the Fine-Grained Alluvium; however, the maximum arsenic 
detection in the Fine-Grained Alluvium in RP-04-41 was 0.0058 mg/L in a sample collected in October 
2006.  The limited vertical and horizontal extent of elevated arsenic concentrations in an area 
demonstrates that arsenic distribution in groundwater is a function of localized geochemical 
conditions. 

Fine-Grained Alluvium:  Total arsenic was detected above the RSL in all 267 Fine-Grained Alluvium 
arsenic samples in the RI data set and was detected above the site-specific background concentration 
in 211 (80%) samples.  Dissolved arsenic was detected above the RSL in all 293 Fine-Grained 
Alluvium groundwater samples and was detected above the site-specific background concentration in 
208 (70%) samples. 

The distribution of arsenic in the Fine-Grained Alluvium does not show a clear source area or 
associated plume.  The highest arsenic concentrations (over 0.10 mg/L) have been detected at 
isolated locations in former Doane Lake, the RP property, and the ESCO, Metro, and Arkema sites.  
These detections are surrounded and separated from each other by much lower arsenic 
concentrations, including detections below background levels.  The distribution of arsenic in 
groundwater in the Fine-Grained Alluvium near RP-19-90 at the ESCO Site provides an example of 
the limited vertical and horizontal extent of elevated arsenic concentrations in groundwater.  Arsenic 
concentrations at RP-19-90 have historically been among the highest detected in the Fine-Grained 
Alluvium, with detections of 0.267 mg/L in 2006 and 0.320 mg/L in 2007.  Arsenic has not been 
detected at concentrations greater than 0.0174 mg/L in Fine-Grained Alluvium in samples from 
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surrounding wells W-11-I(60), W-12-D(100), and RP-10-60.  Arsenic has not been detected at 
concentrations above 0.101 mg/L in the Fine-Grained Alluvium or Alluvial-Colluvial Gravel in 
monitoring wells between RP-19-90 and the Riverbank, demonstrating the lack of a plume of high 
arsenic concentrations in groundwater originating near RP-19-90.  The spatial separation of elevated 
arsenic concentrations demonstrates that the distribution is determined by the effects of localized 
geochemical conditions, rather than simple transport from source areas via groundwater flow. 

Troutdale Formation:  Total arsenic was detected above the RSL in all three Troutdale Formation 
groundwater samples in the RI data set, and dissolved arsenic was detected in all four samples for 
which it was analyzed.  At RP-11-216, screened in the Troutdale Formation on Siltronic Site, total 
arsenic concentrations ranged from 0.00121 mg/L to 0.00291 mg/L and dissolved arsenic ranged from 
0.0011 mg/L (estimated) to 0.00272 mg/L. 

CRBG:  In the CRBG, total arsenic was highest at 0.183 mg/L in RP-14-39, located on Arkema Tract 
A, in September 2007.  Total arsenic also was detected above the RSL in the CRBG on Siltronic 
(0.0411 mg/L at RP-24-85 and 0.0165 mg/L in May 2007) and ESCO (0.0249 mg/L at RP-18-125 in 
May 2007) as well as at less than 0.01 mg/L  on Arkema, City, and BNSF properties and , the former 
Doane Lake area.  Concentrations and distribution of dissolved arsenic followed a pattern similar to 
total arsenic.   

Figures presenting the distribution of total and dissolved chromium in monitoring wells completed in 
the Artificial Fill, Fine-Grained Alluvium, and Alluvial-Colluvial Gravel/CRBG are in Appendix F, 
Figures F-660 to F-663 (total), and F-664 to F-667 (dissolved).  Distribution of total chromium(VI) is 
presented in Appendix F, Figures F-684 to F-687. 

Chromium 

Chromium is a naturally occurring component of groundwater in the Willamette Basin (Section 8.12.4), 
and there are multiple anthropogenic sources of chromium to groundwater in the RP property and 
vicinity.  The distribution of total and dissolved chromium and chromium(VI) in the RP property and 
vicinity and the stratigraphic units is limited, as described below.  The RSLs for chromium and 
chromium(VI) are 55 mg/L and 4.30E-05 mg/L, respectively.  Background concentrations for total and 
dissolved chromium are 0.00162 mg/L and 0.00359 mg/L, respectively.  No background for 
chromium(VI) has been established for the RP property and vicinity.   

Total and dissolved chromium in groundwater (assumed to be chromium[III] based on geochemistry, 
lack of use of hexavalent chromium products, and lack of detections of chromium[VI] in groundwater) 
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did not exceed the RSL, in the Artificial Fill, Fine-Grained Alluvium, Alluvial-Colluvial Gravel, CRBG, or 
the Troutdale Formation.    

Chromium(VI) has been detected on RP property in 1991 (unvalidated results) at MW-02-26 (0.010 
mg/L), MW-03-27 (0.010 mg/L), MW-08-27 (0.020 mg/L), and RPW-05(40) (0.010 mg/L), at or just 
above detection limits, and all within the Fine-Grained Alluvium.  Chromium(VI) was not detected at 
20 other wells at the RP property.  Chromium(VI) is a known COI for the Arkema Site. 

Figures presenting the distribution of total and dissolved cobalt in monitoring wells completed in the 
Artificial Fill, Fine-Grained Alluvium, and Alluvial-Colluvial Gravel/CRBG are in Appendix F, Figures F-
668 to F-671 (total), and F-672 to F-675 (dissolved).  Total and dissolved cobalt are widely distributed 
across the RP property and vicinity in all stratigraphic units, except for the Troutdale Formation.  
Cobalt is a naturally occurring component of groundwater in the Willamette Basin (Section 8.12.4), 
and there are multiple anthropogenic sources of cobalt to groundwater in the RP property and vicinity.  
The cobalt (total and dissolved) RSL is 0.011 mg/L.  Background concentrations for total and 
dissolved cobalt are 0.0018 mg/L and 0.002 mg/L, respectively (Appendix J, Table J-3).   

Cobalt 

Artificial Fill:  The total cobalt RSL was exceeded in only 7 of 48 samples in the Artificial Fill:  at P-11 
(0.05 mg/L) in the LADD area in 1982, PP-08 (0.014 mg/L) in the former Doane Lake area in 1982, 
and four Siltronic wells in 2007 (0.0115 mg/L to 0.0281 mg/L).  The dissolved cobalt RSL was 
exceeded in only 3 of 48 samples in the Artificial Fill:  at RP-22-29 (0.0248 mg/L) and RP-23-30 
(0.0256 mg/L) on Siltronic in 2007, and at MW-05-34 (0.0122 mg/L) in the HA in 2007. 

Fine-Grained Alluvium:  The total cobalt RSL was exceeded in only 29 of 124 samples in the Fine-
Grained Alluvium.  The highest concentration occurred in the former Doane Lake area (3.64 mg/L at 
W-07-I(54) in 1982, and the validity of this result is questionable (Section 8.12.3).  Subsequent cobalt 
results from wells in the former Doane Lake area in 1990 were in the 0.5 mg/L range, and these are 
the second to the highest results in the database.  Total cobalt also has been detected above the RSL 
in the HA and IA (one time in each), and several times on Arkema, NL/Gould, ESCO, City, and BNSF 
sites.   

The dissolved cobalt RSL was exceeded in only 19 of 90 samples in the Fine-Grained Alluvium.  The 
majority of the exceedances occurred on Arkema and BNSF sites (seven each), with the highest 
detections (0.0271 mg/L to 0.0479 mg/L) occurring in Arkema wells in 2007.  Dissolved cobalt has 
only been detected above the RSL on RP property in 2008 and 2009 at W-09-116 (0.0163 mg/L to 
0.0184 mg/L). 
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Alluvial-Colluvial Gravel:  The total cobalt RSL was exceeded in 10 of 48 samples in the Alluvial-
Colluvial Gravel.  The highest concentrations occurred at EX-S-02-117, with the highest detection of 
0.0372 mg/L, in June 2009.  Total cobalt also has been detected above the RSL on the Arkema, 
ESCO, and BNSF sites, and once in the former Doane Lake area.  The dissolved cobalt RSL was 
exceeded in 11 of 47 samples in the Alluvial-Colluvial Gravel.  The highest concentrations occurred at 
occurred at EX-S-02-117.  Dissolved cobalt also has been detected above the RSL on Arkema, 
ESCO, and BNSF sites, and once in the former Doane Lake area. 

CRBG:  The total cobalt RSL was exceeded in 38 of 97 samples in the CRBG.  The highest 
concentrations occurred at PM-01-147 near the Guilds Lake Pump Station (0.0612 mg/L).  Total 
cobalt also has been detected above the RSL on City property and on the Arkema, ESCO, Siltronic, 
and BNSF sites.  The dissolved cobalt RSL was exceeded in 45 of 97 samples in the CRBG.  The 
concentrations and distribution of dissolved cobalt are similar to total cobalt. 

Figures presenting the distribution of total and dissolved iron in monitoring wells completed in the 
Artificial Fill, Fine-Grained Alluvium, and Alluvial-Colluvial Gravel/CRBG are provided in Appendix F, 
Figures F-688 to F-691 and F-692 to F-695, respectively.  Total and dissolved iron were not detected 
above the RSL in the Troutdale Formation. 

Iron 

Total and dissolved iron are widely distributed across the RP property and vicinity.  Iron is a naturally 
occurring component of groundwater in the Willamette Basin (Section 8.12.4), and there are multiple 
anthropogenic sources of iron to groundwater in the RP property and vicinity.  However, total and 
dissolved iron detections above the RLS are limited in the stratigraphic units, as described below.  
The RSL for total and dissolved iron is 26 mg/L.  Background concentrations for total and dissolved 
iron are 1.219 mg/L and 0.026 mg/L, respectively (Appendix J, Table J-3).   

Artificial Fill:  In the Artificial Fill, total iron was detected above the RSL in only 42 of 120 samples.  
The highest detection was 195 mg/L at RP-22-29 on Siltronic Site in 2006.  At RP-23-30 on the 
Siltronic Site, total iron was detected at 168 mg/L and 143 mg/L in 2006 and 2007, respectively.  
Detections above 100 mg/L occurred at PP-08 (119 mg/L) in the former Doane Lake area in 1982 and 
at W-02-S (102 mg/L) at NL/Gould in 1990.  Total iron has also been detected above the RSL in the 
HA, and on the BNSF, NL/Gould, and Siltronic sites.  Total iron has not been detected above the RSL 
in the IA in the Artificial Fill. 

In the Artificial Fill, dissolved iron was detected above the RSL in 41 of 107 samples.  The highest 
detection was 240 mg/L at W-02-S on NL/Gould Site in 1896.  At RP-22-29 and RP-23-30 on Siltronic 
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Site, dissolved iron was detected at more than 100 mg/L in 2006 and 2007.  Dissolved iron has also 
been detected above the RSL in the former Doane Lake area, and on BNSF, NL/Gould, and Siltronic 
sites.  Dissolved iron has not been detected above the RSL in the HA or IA in the Artificial Fill. 

Fine-Grained Alluvium:  In the Fine-Grained Alluvium, total iron was detected above the RSL in 105 of 
403 samples.  The highest detection was 5,060 mg/L at W-07-I(54) in the former Doane Lake area in 
1982; as previously stated, the validity of 1982 data is in question.  At W-15-I(38) on Metro Site, total 
iron was detected at 2,580 mg/L and 2,920 mg/L in 1988 and 1990, respectively, followed by 
detections in the same well over 1,000 mg/L in 2001 and 2002.  Detections above 1,000 mg/L also 
occurred on NL/Gould (GM-2-I and W-03-I[41]) in 1990.  Total iron has also been detected above the 
RSL in the HA and IA, and on the Arkema, BNSF, City, ESCO, NL/Gould, Kinder Morgan/Willbridge 
Metro, Schnitzer/Air Liquide, and Siltronic sites.   

In the Fine-Grained Alluvium, dissolved iron was detected above the RSL in 82 of 244 samples.  The 
highest detection was 15,000 mg/L at W-15-I(38) on the Metro Site in 1986.  Dissolved iron has also 
been detected above the RSL in the former Doane Lake area, and on Arkema, BNSF, City, ESCO, 
NL/Gould, Kinder Morgan/Willbridge Metro, Schnitzer/Air Liquide, and Siltronic sites.  Dissolved iron 
has not been detected above the RSL in the HA or IA in the Fine-Grained Alluvium. 

Alluvial-Colluvial Gravel:  In the Alluvial-Colluvial Gravel, total iron was detected above the RSL in 2 of 
80 samples.  The two detections occurred at RP-23-100 on the Siltronic Site, at 28.4 mg/L and 26.1 
mg/L in 2006 and 2007, respectively.  Dissolved iron was detected above the RSL in 1 of 67 samples; 
at RP-23-100 (27.9 mg/L) on Siltronic Site in 2006. 

CRBG:  In the CRBG, total and dissolved iron were detected above the RSL in only 1 of 168 and 1 of 
131 samples, respectively.  Both detections in occurred at RP-20-110 on Siltronic Site in 2007, at 28.7 
mg/L (total) and 29.7 mg/L (dissolved). 

Figures presenting the distribution of total and dissolved lead in monitoring wells completed in the 
Artificial Fill, Fine-Grained Alluvium, and Alluvial-Colluvial Gravel/CRBG are provided in Appendix F, 
Figures F-696 to F-699 and F-700 to F-703, respectively.    

Lead 

Total and dissolved lead are widely distributed across the RP property and vicinity.  Lead is a naturally 
occurring component of groundwater in the Willamette Basin, and there are multiple anthropogenic 
sources of lead to groundwater in the RP property and vicinity (Section 8.12.4).  However, total and 
dissolved lead detections above the RSL are limited in the stratigraphic units, as described below.  
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The RSL for total and dissolved lead is 0.015 mg/L.  Background concentrations for total and 
dissolved lead are 0.00109 and 4.59E-04 mg/L, respectively (Appendix J, Table J-3).  

Artificial Fill:  In the Artificial Fill, total lead was detected above the RSL in 50 of 131 samples.  The 
highest detection was in 1982 at PP-08 (76.9 mg/L) in the former Doane Lake area; as previously 
stated, the validity of the 1982 data is in question (Section 8.12.3).  Total lead results from this well 
from 1986 to 1995 ranged from not detected to 0.05 mg/L.  In the 1980s, detections of total lead in W-
07-S(15) in the former Doane Lake area ranged between 1.8 and 5.9 mg/L, and it was approximately 
3 mg/L in W-16-S(13) on the Schnitzer/Air Liquide Site.  Total lead has also been detected above the 
RSL in the former Doane Lake area and HA (one exceedance), and on Metro, NL/Gould, ESCO, City, 
Siltronic, and Schnitzer/Air Liquide sites.  Total lead has not been detected above the RSL in the IA in 
the Artificial Fill. 

In the Artificial Fill, dissolved lead was detected above the RSL in only 15 of 67 samples.  The highest 
detection occurred in W-02-S (0.166 mg/L) at NL/Gould in 1992.  Dissolved lead has been detected 
above the RSL in the former Doane Lake area, and on Metro, NL/Gould, ESCO, City, and 
Schnitzer/Air Liquide sites.  Dissolved lead has not been detected above the RSL in the HA or IA in 
the Artificial Fill. 

Fine-Grained Alluvium:  In the Fine-Grained Alluvium, total lead was detected above the RSL in 101 
of 248 samples.  The highest detection was in 1990 at GM-1-S (10,000 µg/L) in the former Doane 
Lake area.  Total lead in other 1990s samples from this well ranged from 0.0393 to 1.31 mg/L.  In the 
1980s, detections of total lead ranging from 1 to 3.3 mg/L occurred in PP-06 in the former Doane Lake 
area, in W-02-I on Gould, and in PP-11 on Arkema.  Total lead has been detected above the in the 
former Doane Lake area,  HA, and IA, and on Arkema, BNSF, Kinder Morgan/Willbridge City, Metro, 
NL/Gould, ESCO, and Schnitzer/Air Liquide sites.   

In the Fine-Grained Alluvium, dissolved lead was detected above the RSL in 37 of 145 samples.  The 
highest detection occurred at W-02-S (1.48 mg/L) at NL/Gould in 1992.  Dissolved lead has been 
detected above the RSL in the former Doane Lake area and the HA, and on Arkema, Kinder 
Morgan/Willbridge City, Metro, NL/Gould, ESCO, and Schnitzer/Air Liquide sites.  Dissolved lead has 
not been detected above the RSL in the IA in the Fine-Grained Alluvium. 

Alluvial-Colluvial Gravel:  In the Alluvial-Colluvial Gravel, total lead was detected above the RSL in 
only 1 of 32 samples, at 0.04 mg/L in AL5-62 in the former Doane Lake area in 1995.  Dissolved lead 
was not detected above the RSL in 20 samples from the Alluvial-Colluvial Gravel. 
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CRBG:  In the CRBG, total lead was detected above the RSL in only 1 of 46 samples, at 0.026 mg/L 
in W-06-B(67) in the former Doane Lake area in 1995.  Dissolved lead was detected above the RSL in 
only 3 of 36 samples from the CRBG, at 0.02 mg/L (primary and duplicate) in W-06-B(67) in the 
former Doane Lake area in 1986 and at 0.02 mg/L in W-11-B(122) on ESCO Site in 1986. 

Figures presenting the distribution of total and dissolved manganese in monitoring wells completed in 
the Artificial Fill, Fine-Grained Alluvium, and Alluvial-Colluvial Gravel/CRBG are provided in Appendix 
F, Figures F-704 to F-707 and F-708 to F-711, respectively.  

Manganese 

Total and dissolved manganese are widely distributed across the RP property and vicinity and in the 
stratigraphic units.  Manganese is a naturally occurring component of groundwater in the Willamette 
Basin (Section 8.12.4), and there are multiple anthropogenic sources of manganese to groundwater in 
the RP property and vicinity.  The RSL for total and dissolved manganese is 0.88 mg/L.  Background 
concentrations for total and dissolved manganese are 0.637 and 0.171 mg/L, respectively (Appendix 
J, Table J-3). 

Artificial Fill:  In the Artificial Fill, total manganese was detected above the RSL in 69 of 121 samples.  
The highest detection was at P-11 (25 mg/L) in the HA in 1982; as previously stated, the validity of 
1982 data is in question.  This is the only sample collected from this well.  Total manganese was also 
detected at 10.5 and 10.9 mg/L in AL2-17 in the former Doane Lake area in 2000, and between 11.9 
and 16.4 mg/L in RP-15-25 in the former Doane Lake area and RP-23-30 on Siltronic Site in 2006 and 
2007.  Total manganese has also been detected above the RSL in the former Doane Lake area and 
HA, and on Arkema, BNSF, NL/Gould, Siltronic, and Schnitzer/Air Liquide sites.  Total manganese 
has not been detected above the RSL in the Artificial Fill at the IA. 

In the Artificial Fill, dissolved manganese was detected above the RSL in 55 of 98 samples.  The 
highest detection was in 1992 at PP-08 (41.3 mg/L) in the former Doane Lake area.  Dissolved 
manganese was also detected between 11.5 and 16.4 mg/L in RP-15-25 in the former Doane Lake 
area and RP-23-30 on Siltronic Site in 2006 and 2007.  Dissolved manganese has also been detected 
above the RSL in the former Doane Lake area, and on Arkema, BNSF, N.W. Front Avenue, NL/Gould, 
Siltronic, and Schnitzer/Air Liquide sites.  Dissolved manganese has not been detected above the 
RSL in the HA or IA in the Artificial Fill. 

Fine-Grained Alluvium:  In the Fine-Grained Alluvium, total manganese was detected above the RSL 
in 307 of 431 samples.  The highest detection was at W-07-I(54) (66.2 mg/L) in 1982 in the former 
Doane Lake area; as previously stated, the validity of the 1982 data is in question.  Total manganese 
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was also detected on several occasions in AL2-32 in the former Doane Lake area between 2000 and 
2006, generally decreasing from 33.2 to 16.6 mg/L, and in AL2-46 between 2000 and 2006, generally 
decreasing from 8.23 to 1.93 mg/L.  Total manganese was also detected above the RSL in the former 
Doane Lake area, HA, and IA, and at several wells on Arkema, BNSF, City, ESCO,  NL/Gould, Kinder 
Morgan/Willbridge Metro, Schnitzer/Air Liquide, and Siltronic sites.  Total manganese was also 
detected at the former Doane Lake area, HA, and IA, and in several wells on Arkema, BNSF, ESCO, 
NL/Gould, Metro, Schnitzer/Air Liquide, and Siltronic sites.   

In the Fine-Grained Alluvium, dissolved manganese was detected above the RSL in 161 of 209 
samples.  The highest detection was in 1992 at W-07-D(69) (56 mg/L) in the former Doane Lake area.  
Dissolved manganese was also detected between 10 and 51.2 mg/L in the former Doane Lake area 
and HA, and at several wells on Arkema, BNSF, City, ESCO, N.W. Front Avenue, NL/Gould, Kinder 
Morgan/Willbridge Metro, and Siltronic sites.  Dissolved manganese was detected above the RSL in 
the former Doane Lake area and HA, and at several wells on Arkema, BNSF, ESCO, Metro, and 
Siltronic sites.  Dissolved manganese was not detected above the RSL in samples analyzed for 
dissolved manganese in the IA. 

Alluvial-Colluvial Gravel:  In the Alluvial-Colluvial Gravel, total manganese was detected above the 
RSL in 81 of 112 samples.  The highest detection was 16.40 mg/L at RP-18-111 at ESCO.  Total 
manganese was detected between 10.70 and 15.10 mg/L in the former Doane Lake area (RP-17-119 
in 2006 and 2007, and AL6-96 in 2004 and 2005), and on BNSF (RP-06-95 from 2006 to 2009) and 
ESCO (RP-18-111 from 2006 to 2009) properties.  Total manganese was detected above the RSL at 
various wells in the former Doane Lake area, and on Arkema, BNSF, and Siltronic sites.   

In the Alluvial-Colluvial Gravel, dissolved manganese was detected above the RSL in 75 of 98 
samples.  The highest dissolved manganese concentrations generally were detected in RP-18-111 on 
ESCO Site, ranging between 13.10 mg/L and 16.30 mg/L.  Dissolved manganese was detected 
between 10.50 and 14.80 mg/L in the former Doane Lake area, and on BNSF and ESCO properties.  
Dissolved manganese was detected above the RSL in the former Doane Lake area, and on Arkema, 
BNSF, ESCO, and Siltronic sites.   

Troutdale Formation:  Total and dissolved manganese were analyzed for in 2006 and 2007 in RP-11-
216 screened in the Troutdale Formation.  Detections were greater than the RSL, and ranged from 
1.24 to 2.49 mg/L. 

CRBG:  In the CRBG, total manganese was detected above the RSL in 106 of 173 samples.  The 
highest detections were at RP-04-56 on BNSF property at the south end of former WDL in 2006 and 
2007, ranging from 16.8 to 26.7 mg/L.  Total manganese was detected between 10.4 and 16.3 mg/L 
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in various wells in the former Doane Lake area, and on ESCO, N.W. Front Avenue, and Siltronic sites.  
Total manganese was detected above the RSL in the former Doane Lake area, IA, and HA, and on 
Arkema, BNSF, City, ESCO, and Siltronic sites.   

In the CRBG, dissolved manganese was detected above the RSL in 84 of 137 samples.  The highest 
detections were at RP-04-56 on BNSF property at the south end of former WDL in 2006 and 2007, 
ranging from 16.5 to 26.2 mg/L.  Dissolved manganese was detected between 10.6 and 15.9 mg/L in 
various wells in the former Doane Lake area, and on ESCO, N.W. Front Avenue, and Siltronic sites.  
Dissolved manganese was detected above the RSL in the former Doane Lake area and IA, and on 
Arkema, BNSF, City, ESCO, and Siltronic sites. 

Distribution figures of total and dissolved mercury in monitoring wells completed in the Artificial Fill, 
Fine-Grained Alluvium, and Alluvial-Colluvial Gravel/CRBG are provided in Appendix F, Figures F-712 
to F-715, and F-716 to F-719, respectively.  The RSL for total and dissolved mercury is 0.011 mg/L.  
Mercury is a naturally occurring component of groundwater in the Willamette Basin (Section 8.12.4), 
and there are multiple anthropogenic sources of mercury to groundwater in the RP property and 
vicinity.  Background concentrations for total and dissolved mercury are 5.30E-04 and 2.00E-04 mg/L, 
respectively (Appendix J, Table J-3).   

Mercury 

Total and dissolved mercury were not detected above the RSL in groundwater in the RP property 
vicinity, in the Artificial Fill, Fine-Grained Alluvium, Alluvial-Colluvial Gravel, CRBG, or the Troutdale 
Formation.   

Figures presenting the distribution of total and dissolved vanadium in monitoring wells completed in 
the Artificial Fill, Fine-Grained Alluvium, and Alluvial-Colluvial Gravel/CRBG are provided in Appendix 
F, Figures F-720 to F-723 and F-724 to F-727, respectively.  Total and dissolved vanadium were not 
detected above the RSL in the Troutdale Formation in the well (RP-11-216) for which it was analyzed. 

Vanadium 

Total and dissolved vanadium are widely distributed across the RP property and vicinity and in the 
stratigraphic units.  Vanadium is a naturally occurring component of groundwater in the Willamette 
Basin (Section 8.12.4), and there are multiple anthropogenic sources of Vanadium to groundwater in 
the RP property and vicinity.  The RSL for total and dissolved vanadium is 0.180 mg/L.  Background 
concentrations for total and dissolved vanadium are 0.0318 and 0.0274 mg/L, respectively, more than 
10 times the RSL (Appendix J, Table J-3).   
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Artificial Fill:  In the Artificial Fill, total vanadium was detected above the RSL in 58 of 90 samples.  
The highest detections were in 1982 at W-09-D(38) (50 mg/L) adjacent to ESCO Site and PP-08 (38 
mg/L) in the former Doane Lake area; as previously stated, the validity of the 1982 data is in question.  
Total vanadium was also detected in RP-08-23 on Arkema Site in May and September 2007 at 0.144 
and 0.17 mg/L, respectively; in PM-05-024 (0.0794 mg/L) at NW Front Avenue in 2009; at RP-24-30 
(0.0433 mg/L) on Siltronic Site in 2007; and at W-09-D(38) (0.039 mg/L) in the former Doane Lake 
area in 2006.  It has also been detected below 0.020 mg/L at multiple wells.  Total vanadium has been 
detected above the RSL in the former Doane Lake area and the HA, and on Arkema, BNSF, ESCO, 
City, NL/Gould, Metro, Siltronic, and Schnitzer/Air Liquide sites.   

In the Artificial Fill, dissolved vanadium was detected above the RSL in 54 of 89 samples.  The 
highest detections were in RP-08-23 on Arkema Site in May and September 2007 at 0.144 and 0.164 
mg/L, respectively.  In 2006, dissolved vanadium at W-09-D(38) in the former Doane Lake area was 
0.035 mg/L.  At RP-06-30 on BNSF property in 2000, it was detected at 0.045 mg/L, and at PM-05-
024 in N.W. Front Avenue in June 2009, it was detected at 0.0836 mg/L.  It has also been detected 
below 0.02 mg/L at multiple wells Dissolved vanadium has been detected above the RSL in the 
former Doane Lake area and the HA, and on Arkema, City, BNSF, ESCO, NL/Gould, Metro, Siltronic, 
and Schnitzer/Air Liquide sites.   

Fine-Grained Alluvium:  In the Fine-Grained Alluvium, total vanadium was detected above the RSL in 
160 of 228 samples.  The highest detection was in 1982 at W-07-I(54) (6,600 mg/L) in the former 
Doane Lake area.  In 1982, total vanadium was also detected at 1,450 mg/L in PP-03 in the LA, at 
272 mg/L at PP-11 on Arkema Site, at 50 mg/L in RPW-05(40) in the former Doane Lake area, and at 
20 mg/L in RPW-01(48) in the IA.  Total vanadium was detected between 2 and 8 mg/L in 1982 in W-
10-D(71) on City property, in three wells in the former Doane Lake area (PP-06, W-08(54), W-06-
D(49)), and in RPW-02(38) and RPW-03(53) in the IA.  Total vanadium was detected between 1.32 
and 2.38 mg/L in 2007 in RP-14-26 and RP-09-35 on Arkema Site.  Total vanadium was detected 
above the RSL in the former Doane Lake area, IA, and HA, and on Arkema, BNSF, City, ESCO, 
NL/Gould, Kinder Morgan/Willbridge Metro, Schnitzer/Air Liquide, and Siltronic sites, as well as west 
of Highway 30, upgradient of the RP property.  

In the Fine-Grained Alluvium, dissolved vanadium was detected above the RSL in 149 of 236 
samples.  The highest detections were in 2007 at Arkema wells RP-14-26, RP-09-35, and RP-14-11.  
Dissolved vanadium was detected above in the former Doane Lake area, HA, the IA, and on Arkema, 
BNSF, ESCO, NL/Gould, Kinder Morgan/Willbridge Metro, and Siltronic sites, as well as west of 
Highway 30.   
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Alluvial-Colluvial Gravel:  In the Alluvial-Colluvial Gravel, total vanadium was detected above the RSL 
in 20 of 52 samples.  The detections above the RSL were all less than approximately 0.024 mg/L.  
The highest detection was 0.0241 mg/L at RP-07-84 on Siltronic Property in 2002.  The next highest 
detections were at W-19-D(68) on Arkema Site (ranging between 0.0187 and 0.0224 mg/L from 1990 
to January 2010.  Total vanadium was detected above the RSL in the former Doane Lake area and on 
Arkema, BNSF, ESCO, and Siltronic sites.   

In the Alluvial-Colluvial Gravel, dissolved vanadium was detected above the RSL in 15 of 46 samples.  
The detections above the RSL all were less than 0.023 mg/L.  The highest detections ranged from 
0.0205 to 0.022 mg/L in W-19-D(68) on Arkema Site from 2007 to January 2010.  Dissolved vanadium 
was detected above the RSL in the former Doane Lake area, and on Arkema, BNSF, and Siltronic 
sites. 

CRBG:  In the CRBG, total vanadium was detected above the RSL in 65 of 110 samples.  The highest 
detection was 0.63 mg/L at RP-14-39 on Arkema Site.  Total vanadium was detected above the RSL 
in the former Doane Lake area and HA, and on Arkema, BNSF, City, ESCO, and Siltronic sites, as 
well as west of Highway 30. 

In the CRBG, dissolved vanadium was detected above the RSL in 63 of 95 samples.  The highest 
detection was 0.623 mg/L at RP-14-39 on Arkema Site in 2007.  Dissolved vanadium was detected 
above the RSLs in the former Doane Lake area and the HA, and on Arkema, BNSF, City, and Siltronic 
sites, as well as west of Highway 30. 

The chloride concentration and distribution is complicated due to the use and disposal of chloride 
solutions and the practices of the Arkema facility.  The concentration of chloride that may have been 
produced as a result of biodegradation has likely been masked by the high chloride levels present as 
a result of industrial chloride usage.  However, the evaluation of chloride data is helpful in 
understanding groundwater flow.  The chloride data also clearly show contribution from the Arkema 
brine ponds located near the River on Lot 2.  The chloride from the Arkema brine ponds can be 
tracked vertically through the stratigraphic units including the CRBG. 

Chloride 

Chloride concentrations in Artificial Fill well RP-05-16 range from 11.8 mg/L in 2006 to 6.45 mg/L in 
2007.  Chloride concentrations in the herbicide area wells MW-05-24 have remained fairly constant 
between 1989 and 2009.  Chloride concentrations in well MW-05-34 have decreased from 615 mg/L 
in 1989 to 15.4 mg/L in 2009 (Figures F-4 to F-6 in Appendix F) to 15.4 mg/L in 2009 suggesting that 
groundwater has diluted the chloride.  The highest chloride concentration found west of Front Avenue 
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was near former WDL in well W-09-D(38) at 1,900 mg/L in December 1989.  When resampled in April 
2009 the concentration had decreased to 240 mg/L. 

Chloride in the Fine Grained Alluvium generally increases downgradient from the background well W-
18-I(55).  The chloride is typically higher in shallow wells at the RP property and in deeper wells 
further downgradient.    

Chloride concentrations in the Alluvial-Colluvial Gravel and CRBG increase downgradient from the RP 
property (Figure F-303 in Appendix F).  Concentrations of chloride in upgradient well W-18-D(68) 
range from 3.5 to 11.9 mg/L.  Chloride concentrations in the plant area during the last 10 years range 
from approximately 30 to 100 mg/L.  Chloride concentrations further downgradient at RP-07-84 are 
generally decreasing from 1,130 mg/L in 2002 to 903 mg/L in 2009 suggesting that the chloride front 
passed this point before 2002.  Concentrations in RP-04-119 range from 632 to 568 mg/L suggesting 
that the front has also passed but that the permeability is higher in this zone and, therefore, more 
water has passed resulting in a slightly lower chloride concentration.  The chloride data can also be 
used to bound the plume in the Fine Grained Alluvium to the west as concentrations in MW-03-141 
range from 69.3 mg/L to 43.5 mg/L and in well MW-03-137 range from 130 to 155 mg/L.  

To the east the chloride plume is bound by wells RP-10-97 and RP-10-130 with concentrations 
ranging from 14 to 79 mg/L respectively.  The maximum chloride concentration measured occurred at 
RP-02-66 which is located on Arkema Lot 2 below the location of Arkema’s former brine ponds (Aerial 
Photo from 1973) and was a 17,300 mg/L in 2004 and has decreased to 8,470 mg/L in 2010.  These 
concentrations are likely resulting in density driven flow that has transported chloride and other 
contaminants from Arkema’s brine ponds and disposal lagoons to RP-02-116, RP-09-64, W-19-D(68),  
RP-14-39, RP-13-33 and RP-13-43 on Arkema Lots 1 and 2. 

Concentrations of ammonia in groundwater on the RP plant area are generally below the detection 
limit.  Ammonia was detected at 3 mg/L in ASW-06-17 on the Metro Site, located just northeast of the 
RP property.  Ammonia was detected at 7.38 mg/L in MW-08-27 in the HA in 2000.  The highest 
concentrations of ammonia in are found in the Artificial fill along NW Front Avenue, on the 
Schnitzer/Air Liquide Site, where concentrations at W-16-31 reached 134 mg/L in 2007 (Figure F-280 
in Appendix F).  Concentrations of ammonia in the Artificial Fill increase to the north of the RP 
property with well RP-07-30 containing approximately 20 mg/L. 

Ammonia 

Ammonia in the Fine-Grained Alluvium in the NPA is generally low with the exception of W-08-54 
which contained 17.5 mg/L ammonia when sampled in 2008 (Figure F-282 in Appendix F).  
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Concentrations of ammonia are also elevated on Siltronic Site well MW-03-81 at 16.4 mg/L when 
sampled in 2009.  W-04-49 and W-04-89 on the Schnitzer/Gould property boundary also have 
elevated levels of ammonia.  Concentrations of ammonia are very low in the Fine-Grained Alluvium on 
the RP plant area (Figure F-281 in Appendix F) at near the detection limit. 

Ammonia in the alluvial-colluvial gravel and CRBG are typically low (Figure F-283 in Appendix F).   

The distribution of ammonia clearly suggests that the source of the ammonia was Schnitzer/Air 
Liquide. 

8.12.5.3 Lake Sediment/Surface Water/Biota 

Figures F-1005 (ammonia), F-1006 (chloride), and F-1081 to F-1093 (metals) provide lake sediment 
sampling locations and inorganic constituent distribution.  Figures F-883 (chloride) and F-951 to F-974 
(total and dissolved metals) provide surface water sampling locations and distributions.   

Inorganics were detected in the majority of sediment, surface water, and biota samples from multiple 
locations across NDL.  The inorganic concentrations detected in both the sediment and surface water 
samples closely resemble the concentrations found in an industrialized urban runoff (Section 3). 

Sediment:  Thirty sediment samples from NDL have been analyzed for inorganics.  The samples were 
collected from three locations in 1995 and seven locations in 2003.  Samples ranged in depth from the 
sediment surface to 15 feet bwsi.  Cobalt, iron, lead, manganese, and mercury were detected in all 
samples for which they were analyzed, but not above their respective RSLs.  Chromium(VI) was not 
analyzed for the NDL samples.  Pore water was analyzed for dissolved metals at four sediment 
sampling locations: NDL-101, NDL-102, NDL-105, and NDL-106 (Appendix F, Figures F-993 through 
F-1004). 

NDL  

Arsenic was detected above the RSL of 1.60 mg/kg in all 30 samples.  The highest concentrations 
were located adjacent to the BNSF embankment on the southeast side of the lake: 201 mg/kg at NDL-
105-S (0 to 1 feet bwsi) and 111 mg/kg at NDL-101-S (1 to 5 feet bwsi).  Dissolved arsenic in pore 
water sampled at these two locations was 0.0696 mg/L (NDL-105-PW) and 0.844 mg/L (estimated; 
NDL-101-PW).  The remaining arsenic sediment detections ranged from 1.92 mg/kg (NDL-106-S) to 
82 mg/kg.  The lowest concentrations were generally on the west side of the lake.  Arsenic in 
sediment at NDL-105-S decreased with depth, while it increased with depth at NDL-102-S.   
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Chromium was not detected above the RSL of 120,000 mg/kg in any of the 30 samples.  The highest 
concentration, 57.3 mg/kg, was located near the center of the lake at NDL-107-S (0 to 1 feet bwsi).  
The remaining chromium detections ranged from 7.6 mg/kg to 51 mg/kg, with the lowest concentration 
being at the north end of the lake.   

Vanadium was detected above the RSL of 72 mg/kg in 20 of the 27 samples for which it was 
analyzed.  The highest concentration, 192 mg/kg, was located near the center of the lake at NDL-107-
S (1 to 5 feet bwsi).  The remaining vanadium detections above the RSL ranged from 77.5 mg/kg to 
168 mg/kg.  Chloride was not analyzed in NDL sediment samples.  Ammonia concentrations ranged 
from 0.141 mg/kg to 334 mg/kg, with the highest concentration at NDL-103-S (0 to1 feet bwsi), 
located adjacent to the BNSF embankment on the southeast side of the lake. 

Surface Water:  Twelve surface water samples were collected from NDL; three in 1995 and nine in 
2003.  Only total and dissolved arsenic and total vanadium were detected at concentrations greater 
than the RSL in NDL.   

Total arsenic was detected above the RSL in all of the samples.  The 1995 detections were the 
highest and ranged from 0.0064 mg/L to 0.0084 mg/L, with the highest concentrations occurring along 
the west side of the lake.  The 2003 detections were much lower, ranging from 0.00156 mg/L to 
0.00279 mg/L.  Dissolved arsenic was detected above the RSL in all of the 2003 samples, ranging 
from 0.00116 mg/L to 0.00253 mg/L, with the highest concentrations occurring on the west side of the 
lake.  Total vanadium was detected in four of the 2003 samples, ranging from 0.0027 mg/L to 0.0029 
mg/L, only slightly higher than the RSL of 0.0026 mg/L. 

Chloride concentrations in 2003 NDL surface water samples were approximately 19 mg/L and were 
generally uniformly distributed across the lake. 

Biota: Sixteen fish tissue samples and one bullfrog tissue sample were collected from NDL in June 
2006.  The highest detections of arsenic, chromium, lead, and manganese occurred in the juvenile 
bullfrog sample.  The highest detection of mercury occurred in the adult large-mouth bass sample.  
The fish tissue samples were not analyzed for cobalt, iron, or vanadium. 

A comparison of common carp tissue samples from NDL with common carp tissue samples collected 
from Portland Harbor by the Lower Willamette Group (LWG) indicated that with the exception of 
mercury, metal concentrations were higher in NDL fish tissue samples.  Mercury in the LWG carp 
tissue was 0.190 mg/kg, while the highest detection in the NDL carp samples was 0.078 mg/kg 
(estimated). 
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Sediment:  Three sediment samples were collected from within or near NDP in 2003.  One sample 
was collected from Doane Creek at 0 to 0.5 feet bgs, just upstream NDP, and two samples were 
collected in NDP, from 0 to 1 foot bwsi.  Arsenic and vanadium were detected at concentrations 
greater than their respective RSLs.  Pore water was analyzed for dissolved metals at the three 
sediment sampling locations. 

NDP 

Arsenic was not detected above the RSL in the sample from Doane Creek (NDL-103-S) or the sample 
near the discharge of NDL to NDP (NDL-102-S).  The arsenic concentration in the sample collected at 
the downstream end of NDP, prior to entering into the City Outfall 22C storm sewer system ,(NDL-
101-S) was 5.71 mg/kg.  Vanadium was detected above the RSL in all three sediment samples, 
ranging from 77.1 mg/kg (NDP-101-S) to 139 mg/kg (NDP-102-S).  Dissolved manganese was 
detected at 10.2 mg/L in pore water at NDP-102-S, above the RSL of 0.88 mg/L.  Dissolved vanadium 
was detected at 0.00278 mg/L in pore water at NDP-101-S, slightly above the RSL of 0.0026 mg/L. 

Surface Water:  Surface water samples were collected from three locations at NDP, and one sample 
was collected from the seep into NDP.  The surface samples were co-located with the sediment 
samples (NDP-101-W, NDP-102-W, and NDP-103-W).  NDP-101-W was sampled in 2002 and 2003.  
NDP-102-W and NDP-103-W were sampled in 2003.  Samples were collected in 2003 and 2006 at 
the seep located on the southern wall of the NDP.  Total chromium and mercury, and dissolved 
chromium, cobalt, mercury, vanadium, were not detected above the RSL in the NDP surface water 
samples.  Only total and dissolved iron and manganese, and total vanadium, were detected above the 
RSL in the seep samples. 

Total arsenic was detected above the RSL at NDP-101-W (0.0116 mg/L estimated) and NDP-102-W 
(0.00602 mg/L).  Total arsenic was not detected at NDP-103-W, and total and dissolved arsenic were 
not detected at any of the NDP or seep samples.  Total cobalt was detected at 0.0154 mg/L in NDP-
102-W.  Total iron in the seep samples was 62.3 mg/L and 29.5 mg/L in 2003 and 2006, respectively, 
and dissolved iron was 65.5 mg/L in the 2003 seep sample.  Total lead was detected above the RSL 
at NDP-102-W (0.0402 mg/L).  Total manganese was detected at 2.66 mg/L at NDP-101-W in 2002, 
but only at 0.0743 mg/L in 2003.  Total vanadium was detected above the RSL at NDP-101-W (0.021 
mg/L estimated in 2002 and 0.00305 mg/L in 2003), at NDP-102-W (0.0576 mg/L), and at the seep in 
2003 (0.00477 mg/L). 

Chloride in the NDP varied from 4.54 mg/L at NDP-103-W (2003) to 28.5 mg/L at NDP-101-SEEP 
(2003). 
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Sediment:   Sixty-six sediment samples were collected from WDL between 1986 and 2008.  Sixty-
three of the samples were collected from shallower than 10 feet bwsi.  The three remaining samples 
were collected from 7 to 11 feet bwsi, 9-11 feet bwsi, and 18.5-20 feet bwsi.  Cobalt, iron, and 
manganese were not detected above the RSL in WDL sediment, and ammonia and chloride were not 
analyzed.  The wide range of metals detected in former WDL indicate multiple sources including 
ESCO operations, NL/Gould, urban runoff, and auto fluff.  During the summer of 2010, WDL was 
stabilized using ISS; therefore, the potential for constituent migration from former WDL is minimized 
(Section 5).  

WDL 

Arsenic was detected above the RSL in all but one of the samples collected from WDL.  The 
maximum concentrations were detected at WDL-101-S (6 to 8 feet bwsi) and WDL-101-S (4-6 feet 
bwsi).  WDL-101-S is located at the southern end of former WDL.  Detections greater than 100 mg/kg 
also occurred along the length of former WDL, with a detection of 109 mg/kg at WDL-204-S (4-6 feet 
bwsi) located at the north end of former WDL adjacent to ESCO.  Chromium was not detected above 
the RSL in any samples; the highest detection was W019 (2,500 mg/kg) at 4-6 feet bwsi.  W019 is 
located at the north end of former WDL, adjacent to ESCO.  Chromium(VI) was detected above the 
RSL in the two samples for which it was analyzed, surface samples from SD-04 and SD-05 in 1986, at 
9.30 and 4.20 mg/kg, respectively.  Lead was detected above the RSL in 32 samples, with the highest 
detection at W009 (5,160 mg/kg) at 5-6 feet bwsi.  Mercury was detected once above the RSL, at 94.9 
mg/kg at WDL-101-S (4-6 feet bwsi).  Vanadium was detected above the RSL in 40 of the 66 WDL 
samples, with the highest concentration at WDL-101-S (475 mg/kg) at 0-0.5 feet bwsi. 

Surface Water:   Nine surface water samples were collected from former WDL and analyzed for 
inorganics.  Samples from SW-02 were only analyzed for a limited number of dissolved metals (1986 
and 1987) and for total lead (1987).  Total chromium, cobalt, iron, and mercury, and dissolved 
chromium, cobalt, iron, and manganese were either not detected or not detected above the RSL in 
samples for which they were analyzed. 

Total arsenic was detected above the RSL in eight of the samples, ranging from 0.008 mg/L to 0.0222 
mg/L, with the highest detection in WDL-101-W.  Dissolved arsenic was detected at 0.021 mg/L at 
SW-02 (this WDL sample location was analyzed twice for dissolved metals, in 1986 and 1987).  
Detections of total lead ranged from 0.047 mg/L to 0.298 mg/L, with the highest detection at WDL-04, 
at the north end of the lake.  Dissolved lead was detected at 0.05 mg/L at SW-02.  The only detection 
of manganese above the RSL occurred at WDL-01 (0.996 mg/L).  Total vanadium was detected 
above the RSL in three samples, and ranged from 0.0259 mg/L to 0.0283 mg/L, with the highest 
detection at WDL-103-W. 
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The WDL  IRAM eliminated the surface water at former WDL. 

8.12.5.4 Stormwater/Non-Stormwater/Sediment 

Various metals were analyzed in non-stormwater samples collected from the City Outfall 22B storm 
sewer system in April 1994, July 1995, August 2002, September 2004, December 2006, February and 
October 2007, February and June 2008, and May 2009.  Non-stormwater samples collected in 1994 
and 1995 were only analyzed for total lead.   

Non-stormwater samples were collected from NL/Gould MH-4 (prior to discharge to the City Outfall 
22B storm sewer system) as part of an evaluation and repair of NL/Gould’s storm sewer system in 
February 2007 and February 2008.   

Samples ANF217 and ANF220 were collected from a water seep and infiltration flowing into two catch 
basins along N.W. Front Avenue associated with the City Outfall 22B storm sewer system in February 
2008 (Section 4.6).   

Metals were analyzed in sediment cleanout samples collected from the City Outfall 22B system in 
November 2006 and September and October 2009 (Section 5.3).   

Sediment and stormwater samples were collected from catch basins AND878 and AND879 in March 
2010 as part to the Outfall 22B Expanded IRAM.  Both catch basins and their connections to City 
Outfall 22B were permanently abandoned on March 29, 2010 after sampling was completed.  
AND878 and AND879 were located between N.W. Front Avenue and the Arkema Site fence line.  
Both catch basins formerly had known upstream connections from the Arkema Site.  AND878 formerly 
connected to the City Outfall 22B storm sewer system at manhole MH-9.  AND879 formerly connected 
to the City Outfall 22B storm sewer system between MH-9 and MH-8. 

Metals were analyzed at City Outfall 22C in four non-stormwater samples collected in August 2002, 
November 2003, September 2004, and July 2009 and from one stormwater sample collected in 
December 2003.  Stormwater and non-stormwater data from City Outfall 22C are screened against 
SLVs (human health and ecological) as part of the SCE in (Section 16.7 and 16.8).   

Stormwater and on-stormwater inorganics data is provided in Appendix C, and the RI stormwater/non-
stormwater screening table is provided in Appendix E.  Stormwater and non-stormwater sampling 
locations and analytical results are provided on Figures F-1094 (ammonia), F-1095 (chloride), and F-
1171 to F-1195 (total and dissolved metals) in Appendix F.  



 

AMEC Earth & Environmental, Inc. 
472 Project No.:  0-61M-107030/Phase 0104/T6 
 K:\10000\10700\10703\0100 RI-FS-ROD\0104 RI Report\Draft RI\RI-SCE Report.Docx 

City Outfall 22B 

Total arsenic concentrations detected in non-stormwater samples collected from the City Outfall 22B 
system ranged from 7.90E-04 mg/L (MH-10, September 2004) to 0.0278 mg/L (estimated) (MH-7, 
September 2004).  Detected concentrations of dissolved arsenic ranged from 9.20E-04 mg/L (MH-10, 
September 2004) to 0.0176 mg/L (MH-7, September 2004).   

Arsenic 

In the 2004 non-stormwater sample event, total and dissolved arsenic were highest at MH-7 and 
lowest at MH-10, with no clear trend between detected concentrations and location along the system.  
In the 2007 and 2009 sample events, total and dissolved arsenic were lower at upstream manholes 
and increased progressively toward the outfall.  Nearly all total and dissolved arsenic concentrations 
detected in the City Outfall 22B non-stormwater samples exceeded surface water and groundwater 
background concentrations established for the project area by at least twofold (DEQ, 2009d). 

Neither total nor dissolved arsenic was detected in the two non-stormwater samples collected from 
NL/Gould MH-4.  Total arsenic was detected in ANF217 at an estimated concentration of 2.20E-04 
mg/L, but dissolved arsenic was not detected in the sample.  Neither total nor dissolved arsenic were 
detected in ANF220 or in the stormwater samples collected from catch basins AND878 and AND879.  
Total arsenic was detected in both City Outfall 22B storm sewer sediment cleanout samples collected 
in 2006.  Total arsenic was detected at an estimated concentration of 10.8 mg/kg in sample IDW-270, 
collected between MH-5 and the outfall, and at 11.6 mg/kg in sample IDW-271, collected between 
MH-10 and MH-5.  Concentrations of total arsenic detected in sediment cleanout samples collected in 
2009 ranged from 9.33 mg/kg (sample IDW-337 collected from the Schnitzer/Air Liquide section of the 
system) to 30 mg/kg (sample IDW-333, collected from the City portion of the system).  Total arsenic 
was detected in sediment samples collected from catch basins AND878 and AND879 in 2010 at 4.7 
mg/kg and 3.3 mg/kg, respectively. 

Chromium was not analyzed in the City Outfall 22B non-stormwater samples prior to 2004.  Total and 
dissolved chromium were only detected in samples collected from the City Outfall 22B system in the 
2004 sample event.  Detected total chromium concentrations ranged from 9.00E-04 mg/L (estimated) 
(MH-10) to 0.00135 mg/L (MH-3).  Dissolved chromium was only detected in the 2004 MH-10 sample 
at 8.10E-04 mg/L.  Chromium(VI) was only detected in the 2009 sampling event at MH-7, MH-6, MH-
5, MH-4 and the outfall at estimated concentrations ranging from 0.00875 mg/L (MH-5) to 0.0162 
mg/L (MH-4). 

Chromium 
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Total chromium was detected in the February 2008 non-stormwater sample collected from NL/Gould 
MH-4 at an estimated concentration of 0.002 mg/L, but dissolved chromium was not detected in the 
sample.  Neither total nor dissolved chromium were detected in the February 2007 NL/Gould MH-4 
sample.  Chromium(VI) was detected in the February 2008 sample at an estimated concentration of 
0.0018 mg/L. 

Total and dissolved chromium and chromium(VI) were not detected in the ANF217 and ANF220 
samples.  Total chromium was detected in stormwater samples collected from catch basins AND878 
and AND879 at 0.0017 mg/L and 0.0011 mg/L, respectively.  Dissolved chromium was detected in 
AND878 at 9.80E-04 mg/L, but was not detected in AND879.  Chromium(VI) was not analyzed in the 
AND878 and AND879 samples. 

Concentrations of total and dissolved chromium detected in the City Outfall 22B non-stormwater 
samples are consistent with groundwater background concentrations established for the project area 
(0.00359 mg/L for total chromium and 0.00162 mg/L for dissolved chromium) (DEQ, 2009d). 

Chromium was detected in both City Outfall 22B storm sewer sediment cleanout samples collected in 
2006 at 66.4 mg/kg (sample IDW-270) and at 90.5 mg/kg (sample IDW-271).  Concentrations of 
chromium detected in sediment cleanout samples collected in 2009 ranged from 54.8 mg/kg (sample 
IDW-337, collected from the Schnitzer/Air Liquide section of the system) to 159 mg/kg (sample IDW-
334, collected from the Metro portion of the system).  Chromium was detected in sediment samples 
collected from catch basins AND878 and AND879 in 2010 at 38.9 mg/kg and 19.8 mg/kg, 
respectively. 

Chromium(VI) was not detected in any of the City Outfall 22B storm sewer sediment cleanout samples 
collected in 2006 and 2009.  Chromium(VI) was not analyzed in the AND878 and AND879 catch basin 
sediment samples. 

Total cobalt was detected non-stormwater samples collected in 2008 and 2009 at concentrations 
ranging from 7.90E-04 mg/L (estimated) (MH-5, May 2008) to 0.0019 mg/L (MH-10, June 2009), 
consistent with the groundwater background concentration established for the project area (0.0018 
mg/L) (DEQ, 2009d). 

Cobalt 

Dissolved cobalt was detected in various non-stormwater samples collected in the 2007, 2008, and 
2009 sampling events, at concentrations ranging from 9.70E-04 mg/L (estimated) (MH-5, 2008) to 
0.0052 mg/L (estimated (MH-10, October 2007).  The estimated concentrations detected in MH-10 
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and MH-7 in October 2007 (0.0052 mg/L and 0.0024 mg/L, respectively) were the only dissolved 
cobalt detections that exceeded the groundwater background concentration established for the project 
area (0.002 mg/L) (DEQ, 2009d).  

Neither total nor dissolved cobalt was detected in the either of the NL/Gould MH-4 non-stormwater 
samples, the ANF217 and ANF220 samples, or the AND878 and AND879 stormwater samples. 

Cobalt was not analyzed City Outfall 22B storm sewer sediment cleanout samples collected in 2006.  
Concentrations of total chromium detected in sediment cleanout samples collected in 2009 ranged 
from 15.7 mg/kg (sample IDW-337, collected from the Schnitzer/Air Liquide section of the system) to 
32.4 mg/kg (sample IDW-334, collected from the Metro portion of the system).  Cobalt was detected in 
sediment samples collected from catch basins AND878 and AND879 in 2010 at 11.5 and 9.4 mg/kg, 
respectively. 

Total iron concentrations detected within the City Outfall 22B system ranged from 0.152 mg/L (MH-7, 
October 2007) to 16 mg/L (City Outfall 22B, August 2002).  Detected concentrations of dissolved iron 
ranged from 0.09 mg/L (MH-6, October 2007) to 1.04 mg/L (MH-10, May 2009).   

Iron 

Total iron was detected in the February 2008 non-stormwater sample collected from NL/Gould MH-4 
at an estimated concentration of 0.0802 mg/L, but dissolved iron was not detected in the sample.  
Neither total nor dissolved iron was detected in the February 2007 NL/Gould MH-4 sample. 

Total iron was detected in ANF220 at 0.33 mg/L, but dissolved iron was not detected in the sample.  
Neither total nor dissolved iron was detected in sample ANF217.  Total iron was detected in 
stormwater samples collected from catch basins AND878 and AND879 at 1.47 mg/L and 1.3mg/L 
(estimated), respectively.  Dissolved iron was detected in AND878 at 0.051 mg/L, but was not 
detected in AND879. 

Total and dissolved iron detections in the City Outfall 22B system show no clear trend with location 
along the system or from sampling event to sampling event.  The majority of the total iron 
concentrations detected in non-stormwater were consistent with the groundwater background 
concentration established for the project area (1.219 mg/L) (DEQ, 2009d).  Total iron detections in the 
following non-stormwater samples exceeded the groundwater background concentration: MH-10 (May 
2009 and June 2008); MH-4 (October 2007 and May 2009); and the outfall (August 2002, October 
2007, May 2009).  Only one total iron detection (16 mg/L at the outfall, August 2002) exceeded the 
surface water background concentration established for the project (6 mg/L) (AMEC, 2008d).  Nearly 
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all of the detected concentrations of dissolved iron in non-stormwater samples exceeded the 
groundwater background concentration established for the project area (0.026 mg/L) (DEQ, 2009d).  
None of the detected dissolved iron concentrations exceeded the surface water background.   

Iron was not analyzed City Outfall 22B storm sewer sediment cleanout samples collected in 2006.  
Concentrations of iron detected in sediment cleanout samples collected in 2009 ranged from 39,900 
mg/kg (sample IDW-337, collected from the Schnitzer/Air Liquide section of the system) to 73,900 
mg/kg (sample IDW-334, collected from the Metro portion of the system).  Iron was detected in 
sediment samples collected from catch basins AND878 and AND879 in 2010 at 47,500 mg/kg and 
20,200 mg/kg, respectively, which is within the range of background concentrations for local soil and 
sediment. 

Total lead concentrations detected in non-stormwater samples collected from the City Outfall 22B 
system ranged from 1.00E-04 mg/L (City Outfall 22B, August 2002) to 0.037 mg/L (the MH-3, July 
1995).  Detected concentrations of dissolved lead ranged from 3.40E-04 mg/L (MH-5, July 2009) to 
0.0057 mg/L (Gould MH-4, February 2008).   

Lead 

Total and dissolved lead were detected in the February 2008 non-stormwater sample collected from 
NL/Gould MH-4 at estimated concentrations of 0.0054J and 0.0537J mg/L, respectively.  Neither total 
nor dissolved lead was detected in the February 2007 NL/Gould MH-4 sample. 

Neither total nor dissolved lead was detected in samples ANF217 and ANF220.  Total lead was 
detected in stormwater samples collected from catch basins AND878 and AND879 at 0.0023 mg/L 
and 0.0015 mg/L, respectively.  Dissolved lead was detected in AND878 and AND879 at 1.20E-04 
mg/L and 3.00E-05 mg/L, respectively.  Total and dissolved lead detections in the City Outfall 22B 
system non-stormwater samples show no clear trend with location along the system or from sampling 
event to sampling event.  The majority of the total and dissolved lead concentrations detected 
exceeded groundwater background concentrations established for the project area (0.00109 mg/L for 
total lead and 4.59E-04 mg/L for dissolved lead) (DEQ, 2009d).  However, only two total lead 
detections (0.037 mg/L in MH-3, July 1995 and 0.026 mg/L in MH-8, April 1994) exceeded the surface 
water background concentration established for the project (0.0133 mg/L) (AMEC, 2008d).  None of 
the detected dissolved lead concentrations exceeded the surface water background concentration.  
Dissolved lead was not detected in any of the non-stormwater samples collected from the system in 
2009.   
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Lead was detected in both City Outfall 22B storm sewer sediment cleanout samples collected in 2006 
at 77.5 mg/kg (sample IDW-270) and at 80.8 mg/kg (sample IDW-271).  Concentrations of lead 
detected in sediment cleanout samples collected in 2009 ranged from 125 mg/kg (sample IDW-337, 
collected from the Schnitzer/Air Liquide section of the system) to 540 mg/kg (sample IDW-334, 
collected from the Metro portion of the system).  Lead was detected in sediment samples collected 
from catch basins AND878 and AND879 in 2010 at 14.5 mg/kg and 25.5 mg/kg, respectively. 

Total manganese concentrations detected in non-stormwater samples collected from the City Outfall 
22B system ranged from 0.0896 mg/L (MH-6, October 2007) to 2.44 mg/L (City Outfall 22B, August 
2002).  Detected concentrations of dissolved manganese ranged from ranged from 0.0417 mg/L (MH-
6, October 2007) to 0.98 mg/L (MH-10, June 2008).  

Manganese 

Total manganese was detected in the February 2007 and February 2008 non-stormwater samples 
collected from NL/Gould MH-4 at 0.107 mg/L and 0.0341 mg/L, respectively.  Dissolved manganese 
was also detected both samples at 0.0249 mg/Land 0.106 mg/L, respectively. 

Total and dissolved manganese were detected in sample ANF220 at 0.0257 mg/L and 0.0223 mg/L, 
respectively.  Neither total nor dissolved manganese was detected in sample ANF 217.  Total 
manganese was detected in stormwater samples collected from catch basins AND878 and AND879 
at 0.0273 mg/L and 0.0386 mg/L, respectively.  Dissolved manganese was detected in AND878 and 
AND879 at 0.0034 mg/L and 0.0075 mg/L, respectively. 

Total and dissolved manganese detections in the City Outfall 22B system non-stormwater samples 
show no clear trend with location along the system or from sampling event to sampling event.  Only 
three total manganese detections (0.791 mg/L and 0.98 mg/L in MH-10, May 2009 and June 2008, 
respectively; and 0.44 mg/L at the outfall, August 2002) exceeded the groundwater background 
concentration established for the project (0.637 mg/L) (AMEC, 2008d).  The majority of detected 
dissolved manganese concentrations detected in non-stormwater samples exceeded groundwater 
background concentration established for the project area (0.171 mg/L) (DEQ, 2009d).   

Concentrations of total manganese concentrations detected in seven samples collected from MH-4, 
MH-7, MH-10 and City Outfall 22B in 2002, 2008, and 2009 exceeded the surface water background 
concentration established for the project (0.420 mg/L) (AMEC, 2008d).  Dissolved manganese 
exceeded the surface water background concentration in four samples collected from MH-7, MH-9, 
and MH-10 in 2008 and 2009.  The highest concentrations of total and dissolved manganese in the 
most recent non-stormwater sample events (i.e., in 2008 and 2009) were detected in MH-10. 
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Manganese was not analyzed City Outfall 22B storm sewer sediment cleanout samples collected in 
2006.  Concentrations of manganese detected in sediment cleanout samples collected in 2009 ranged 
from 772 mg/kg (sample IDW-337, collected from the Schnitzer/Air Liquide section of the system) to 
1,340 mg/kg (sample IDW-333, collected from the City portion of the system).  Manganese was 
detected in sediment samples collected from catch basins AND878 and AND879 in 2010 at 446 
mg/kg and 269 mg/kg, respectively. 

Detected total mercury concentrations in non-stormwater samples collected from the City Outfall 22B 
system ranged from 1.50E-06 mg/L (MH-7,October 2007) to 9.10E-05 mg/L (estimated) (City Outfall 
22B, December 2006).  Detected concentrations of dissolved mercury ranged from ranged from 
8.00E-07 mg/L (MH-7, October 2007) to 7.00E-06 mg/L (MH-5, September 2004). 

Mercury 

Neither total nor dissolved mercury was detected in either of the on-stormwater samples collected 
from NL/Gould MH-4.  

Total mercury was detected in samples ANF217 and ANF220 at estimated concentrations of 3.30E-06 
mg/L and 2.90E-06 mg/L, respectively.  Dissolved mercury was also detected both samples at 
estimated concentrations of 3.10E-06 mg/L and 2.00E-06 mg/L, respectively.  Neither total nor 
dissolved mercury was detected in stormwater samples collected from catch basins AND878 and 
AND879. 

None of the concentrations of total or dissolved mercury detected in any of the non-stormwater 
samples exceeded groundwater background concentrations established for the project area (5.30E-04 
mg/L for total mercury and 2.00E-04 mg/L for dissolved mercury) (AMEC, 2008d).  In addition, none of 
the detected concentrations of total or dissolved mercury exceeded the surface water background 
concentration established for the project (1.00E-04 mg/L) (AMEC, 2008d).   

Total mercury was detected in both City Outfall 22B storm sewer sediment cleanout samples collected 
in 2006 at 0.127 mg/kg (sample IDW-270) and at 0.103 mg/kg (sample IDW-271).  Concentrations of 
total mercury detected in sediment cleanout samples collected in 2009 ranged from 0.329 mg/kg 
(sample IDW-337, collected from the Schnitzer/Air Liquide section of the system) to 10.7 mg/kg 
(sample IDW-334, collected from the Metro portion of the system).  Mercury was not detected in 
sediment samples collected from catch basins AND878 and AND879 in 2010. 
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Concentrations of total vanadium detected in non-stormwater samples collected from the City Outfall 
22B system ranged from 7.80E-04 mg/L (MH-8, September 2004) to 0.00889J mg/L (City Outfall 22B, 
August 2002).  Detected concentrations of dissolved vanadium ranged from ranged from 0.00104 
mg/L (MH-8, September 2004) to 0.0085 mg/L (estimated) (City Outfall 22B, August 2002).   

Vanadium 

Total vanadium was detected in the February 2007 and February 2008 non-stormwater samples 
collected from NL/Gould MH-4 at estimated concentrations of 0.0138 and 0.0103 mg/L, respectively.  
Dissolved vanadium was also detected both samples at estimated concentrations of 0.0136 mg/L and 
0.0094 mg/L, respectively. 

Total vanadium was detected in samples ANF217 and ANF220 at estimated concentrations of 0.0043 
mg/L and 0.0039 mg/L, respectively.  Dissolved vanadium was also detected both samples at an 
estimated concentration of 0.0041 mg/L.   

Total vanadium was detected in the stormwater samples collected from catch basins AND878 at 
0.003 mg/L, but was not detected in AND879.  Dissolved vanadium was not detected in either 
stormwater sample. 

None of the concentrations of total or dissolved vanadium detected in any of the non-stormwater 
samples exceeded groundwater background concentrations established for the project area (0.0318 
mg/L for total vanadium and 0.0274 mg/L for dissolved vanadium) (AMEC, 2008d).     

Vanadium was not analyzed City Outfall 22B storm sewer sediment cleanout samples collected in 
2006.  Concentrations of vanadium detected in sediment cleanout samples collected in 2009 ranged 
from 102 mg/kg (sample IDW-337, collected from the Schnitzer/Air Liquide section of the system) to 
119 mg/kg (sample IDW-335, collected from the NL/Gould portion of the system).  Vanadium was 
detected in sediment samples collected from catch basins AND878 and AND879 in 2010 at 72.5 
mg/kg and 49.9 mg/kg, respectively. 

City Outfall 22C 

Total arsenic was only detected in the non-stormwater samples collected in August 2002 and July 
2009, at 0.00114 mg/L (estimated) and 0.00259 mg/L, respectively.  Dissolved arsenic was only 
detected in the July 2009 non-stormwater sample at 0.00149 mg/L.  The detected concentrations 
were less than the groundwater background concentrations established for the project area (0.00363 
mg/L for total arsenic and 0.00317 mg/L for dissolved arsenic) (DEQ, 2009d).  Only the total arsenic 

Arsenic 
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concentration detected in July 2009 (0.00259 mg/L) exceeded the surface water concentration 
background established for the project area (0.002 mg/L) (DEQ, 2009d). 

Total chromium was only detected in the non-stormwater samples collected in November 2003 and 
July 2009 at 9.70E-04 and 3.67E-04 (estimated) mg/L, respectively.  Total chromium was also 
detected in the December 2003 stormwater sample, at 0.00339 mg/L. Dissolved chromium was only 
detected in the December 2003 stormwater sample, at 0.00125 mg/L.  Chromium(VI) was not 
analyzed in any of the City Outfall 22C samples. 

Chromium 

The total and dissolved chromium concentrations detected in non-stormwater samples were less than 
the groundwater background concentrations established for the project area (0.00359 mg/L for total 
chromium and 0.00162 mg/L for dissolved chromium) (DEQ, 2009d).  The total chromium 
concentration detected in December 2003 stormwater sample (0.00359 mg/L) exceeded the dissolved 
chromium groundwater background concentration. 

Total cobalt was detected in non-stormwater and stormwater samples at concentrations ranging from 
4.20E-04 mg/L (December 2003 stormwater sample) to 0.0032 mg/L (August 2002 non-stormwater 
sample).  Only the total cobalt concentration detected in the August 2002 sample exceeded the 
groundwater background concentration established for the project area (0.0018 mg/L) (DEQ, 2009d). 

Cobalt 

Dissolved cobalt was only detected in the November 2003 and July 2009 non-stormwater samples at 
8.40E-04 mg/L and 0.00116 mg/L (estimated), respectively.  The detected concentrations of dissolved 
cobalt were consistent with the groundwater background concentration established for the project 
area (0.002 mg/L) (DEQ, 2009d). 

Total iron was detected in non-stormwater and stormwater samples at concentrations ranging from 
1.59 mg/L (December 2003 stormwater sample) to 19.7 mg/L (August 2002 non-stormwater sample).  
Detected concentrations of dissolved iron ranged from 0.604 mg/L (December 2003 stormwater 
sample) to 5.77 mg/L (November 2003 non-stormwater sample).   

Iron 

All detected total and dissolved iron concentrations exceeded the groundwater background 
concentrations established for the project area (1.219 mg/L for total iron and 0.026 mg/L for dissolved 
iron) (DEQ, 2009d).  Total iron detected in the August 2002 and November 2003 non-stormwater 
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samples exceeded the surface water background concentration established for the project (6 mg/L) 
(AMEC, 2008d).   

Total lead was detected in non-stormwater and stormwater samples at concentrations ranging from 
1.00E-04 mg/L (August 2002 non-stormwater sample) to 0.00169 mg/L (December 2003 stormwater 
sample).  Dissolved lead was detected at concentrations ranging from 1.56E-04 mg/L (estimated) 
(July 2009 non-stormwater sample) to 4.50E-04 mg/L (December 2003 stormwater sample).   

Lead 

None of the total or dissolved lead concentrations detected exceeded groundwater or surface water 
background concentrations established for the project area (DEQ, 2009d and AMEC, 2008d).   

Total manganese was detected in non-stormwater and stormwater samples at concentrations ranging 
from 0.0447 mg/L (December 2003 stormwater sample) to 3.58 mg/L (August 2002 non-stormwater 
sample).  Dissolved manganese was detected at concentrations ranging from 0.0444 mg/L 
(December 2003 stormwater sample) to 1.28 mg/L (July 2009 non-stormwater sample).   

Manganese 

Total and dissolved manganese concentrations detected in non-stormwater samples generally were 
greater than groundwater and surface water background concentrations established for the project 
area (DEQ, 2009d and AMEC, 2008d).  Total and dissolved manganese concentrations detected in 
the one stormwater sample were less than groundwater and surface water background 
concentrations. 

Total and dissolved mercury were only detected in the November 2003 and July 2009 non-stormwater 
samples.  All detected concentrations were significantly less than groundwater and surface water 
background concentrations established for the project area (DEQ, 2009d and AMEC, 2008d).   

Mercury 

Total vanadium was detected in non-stormwater and stormwater samples at concentrations ranging 
from 7.50E-04 mg/L (estimated) (September 2004 non-stormwater sample) to 0.0051 mg/L (August 
2002 non-stormwater sample).  Dissolved vanadium was only detected in the November 2003 non-
stormwater and December 2003 samples at 7.90E-04 mg/L and 0.00245 mg/L, respectively.  All 
detected concentrations were significantly less than groundwater background concentrations 
established for the project area (DEQ, 2009d).   

Vanadium 
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8.12.6 Fate and Transport of Inorganics in Environmental Media in the RP Property 
Vicinity  

Metals are ubiquitous in environmental media worldwide from a variety of both natural (volcanic 
derived soils) and anthropogenic sources.  In the RP property vicinity, the presence of metals in 
environmental media is a result of contribution from a number of sources that include inadvertent loss 
as part of the packaging of herbicides, placement of dredge spoils from the River for land-filling, 
secondary lead smelting, lead cable sweating, auto-shredder fluff disposal, atmospheric deposition 
concentrated in stormwater run-off, landfilling of high level metal slag, and various other processes. 

Evaluation of fate and transport of metals is complicated by the natural background concentrations, 
the multitude of neighboring sources, and potential release of naturally occurring metals by changes 
in redox chemistry, precipitated by release of organic compounds and their subsequent 
biodegradation. 

The primary metal used at the RP property was arsenic, which was formulated dry.  Releases of 
arsenic would have been as a solid to surface soils.  The numerous detections of arsenic on all 
neighboring properties and in all stratigraphic units complicate the interpretation of transport of 
arsenic.  In the case of releases of metals to soil, the main potential mechanisms for transport are 
either transfer from soils to groundwater or overland flow through entrainment in stormwater.  At the 
RP property, overland flow is not a current complete pathway (Section 7).  Historically, there may 
have been overland flow from the former RP plant area to former Doane Lake, but as discussed 
below, any metals entering former Doane Lake would likely be trapped in the lake through adsorption 
to particulate matter and subsequent sedimentation, and would not be further available for transport. 

In the case of any releases of arsenic to surface water in former Doane Lake, adsorption of the 
arsenic to particulates and sedimentation, as mentioned above, would be the main factor controlling 
distribution and transport.  Former Doane Lake lacked a permanent outlet and, although it was 
occasionally either pumped or overflowed, represented a fairly low-energy environment where 
particulate matter would settle out of suspension and accumulate on the bottom.  The sediment in 
former Doane Lake was high in organic matter and iron, and consistent with findings presented in 
literature (HSDB, 2010b; ATSDR, 2007a), the arsenic is likely to have become irreversibly bound to 
the sediment and unavailable for transport in groundwater.   

An understanding of factors controlling the distribution of inorganics in groundwater requires 
knowledge of sources of the materials and of processes controlling mobility such as redox conditions.  
Other important geochemical indicators of inorganic mobility are pH, Eh, DO, and total and dissolved 
iron.  Total organic carbon is also very important, as it can provide a large adsorption capacity. 



 

AMEC Earth & Environmental, Inc. 
482 Project No.:  0-61M-107030/Phase 0104/T6 
 K:\10000\10700\10703\0100 RI-FS-ROD\0104 RI Report\Draft RI\RI-SCE Report.Docx 

The geochemical indicators pH, Eh, DO, and total and dissolved iron suggest that in groundwater at 
the RP property, the redox conditions are variable but are near neutral (Section 8.3).  The 
groundwater tends to contain little or no dissolved oxygen, has a neutral Eh, and a near neutral pH.  
These conditions tend to sequester metals such as iron, manganese, arsenic, and vanadium that 
naturally occur in volcanic derived soils.   

Most metals are cations and have limited mobility in soil and groundwater because of cation exchange 
or adsorption on the surface of mineral grains (Fetter, 1993).  Metals often form precipitates under 
specific Eh-pH conditions, which can incorporate various other metals and limit mobility.  Iron oxides 
are stable over a wide Eh-pH range, limiting the mobility of many metals.  Arsenic is also readily 
adsorbed to clay minerals.  Geochemical conditions Eh-pH of groundwater at the RP property 
(Section 8.3) are poised at neutral pH and neutral Eh.  The aquifer is high in iron, clay, and organic 
matter, which limits the mobility of many organics.  Metals in contact with soil generally strongly 
adsorb to organic matter and other polar surfaces in the soil.   

The fate and transport discussion is limited to inorganics that were used by RP and have been 
detected at concentrations above the RSL, or are important controls on mobility such as iron.  
Inorganics that were not used by RP, not detected above the RSL, or are minor components of the 
natural system are not discussed in any detail. 

8.12.6.1 Arsenic 

Two categories of processes largely control arsenic mobility in aquifers: 1) adsorption and desorption 
reactions and 2) precipitation and dissolution reactions.  Arsenic adsorption and desorption reactions 
are influenced by changes in pH, occurrence of redox (reduction/oxidation) reactions, presence of 
competing anions, and solid-phase structural changes such as aging of iron oxides.  Solid-phase 
precipitation and dissolution reactions are controlled by solution chemistry, including pH, redox state, 
and chemical composition. 

Arsenic is a redox-sensitive element: arsenic may gain or lose electrons in redox reactions.  Arsenate 
and arsenite are the two forms of arsenic commonly found in groundwater (Masscheleyn et al., 1991).  
Arsenate generally predominates under oxidizing conditions.  Arsenite predominates when conditions 
become sufficiently reducing.  Under the pH conditions of most groundwater, arsenate is present as 
the negatively charged oxyanions H2AsO4- or HAsO4

2-, whereas arsenite is present as the uncharged 
species H3AsO3

0 (Hem, 1985).  The strength of adsorption and desorption reactions between these 
different arsenic species and solid-phase surfaces in aquifers varies, in part, because of these 
differences in charge.   
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Arsenate and arsenite adsorb to surfaces of a variety of aquifer materials, including iron oxides, 
aluminum oxides, and clay minerals.  Adsorption and desorption reactions between arsenate and iron-
oxide surfaces are particularly important controlling reactions because iron oxides are widespread in 
the environment as surface coatings on other solids, and because arsenate adsorbs strongly to iron-
oxide surfaces in acidic and near-neutral-pH water (Dzombak and Morel, 1990; Waychunas et al., 
1993).  However, desorption of arsenate from iron-oxide surfaces becomes favored as pH values 
become alkaline (Fuller and Davis, 1989; Dzombak and Morel, 1990).  pH-dependent adsorption and 
desorption reactions other than those between arsenate and iron-oxide surfaces may be important 
controls over arsenic mobility in some settings.  

As a result of the pH dependence of arsenic adsorption, changes in groundwater pH can promote 
adsorption or desorption of arsenic.  Because iron-oxide surfaces can hold large amounts of adsorbed 
arsenate, geochemical evolution of groundwater to high (alkaline) pH can induce desorption of 
arsenic.   

The aquifer materials (minerals, amorphous oxides, volcanic glass, and organic carbon) exist in a 
variety of thermodynamic states.  At any given time, some aquifer solid phases will be undergoing 
dissolution, whereas others will be precipitating from solution.  Arsenic contained within solid phases 
as a primary structural component or an impurity can be released to groundwater when those solid 
phases dissolve.  Similarly, arsenic is removed from groundwater when solid phases containing 
arsenic precipitate from aqueous solution.  Because arsenic often coprecipitates with iron oxide 
(Waychunas et al., 1993), iron oxide may act as an arsenic source (through dissolution) or a sink 
(through precipitation) in groundwater.  Solid-phase dissolution will contribute not only arsenic 
contained within that phase, but also any arsenic adsorbed to the solid-phase surface.  The process 
of release of adsorbed arsenic as a result of solid-phase dissolution is distinct from the process of 
desorption from stable solid phases (Waychunas et al., 1993). 

The relationship of redox reactions and solid-phase precipitation and dissolution may be particularly 
important with regard to aqueous arsenic and solid-phase iron oxides and sulfide minerals.  High 
concentrations of arsenic often are associated with iron oxides and sulfide minerals (Thornton, 1996).  
Iron oxides frequently dissolve under reducing conditions, but often precipitate under oxidizing 
conditions.  Sulfide minerals are unstable under oxidizing conditions, but may precipitate under 
reducing conditions.  Therefore, as a result of the redox-sensitive nature of iron oxides and sulfide 
minerals, transfer of arsenic between these solid phases and groundwater may result from redox-
facilitated precipitation and dissolution reactions.  
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Together, these data suggest that for groundwater one or more of the following controlling factors are 
important in adsorption and desorption reactions that in turn often control arsenic mobility: 1) high pH, 
2) presence of competing anions, and 3) occurrence of reducing conditions.  

Arsenic readily forms complexes with sulfate, which is common at the RP property.  No sulfide odors 
or sulfide has been detected suggesting that conditions are near neutral and are not reducing enough 
for mobilization of arsenic from sulfate minerals.  Metals have low mobility in environmental media, as 
demonstrated by the very limited distribution in soil at and near the RP property.  Most metals are 
detected in the location in which they were placed by the respective property owner in the multi-
source fill material.  Arsenic is nearly immobile in soils, and arsenic in arsenical-pesticide-
contaminated soil leaches on timescales of decades or more (Aten et al., 1980).  

Metals in contact with soil generally strongly adsorb to organic matter and other polar surfaces in the 
soil.  However, they may be transported by physical processes that lead to transport of the soil 
particles, or by geochemical reactions that promote leaching.  The Artificial Fill and the Fine-Grained 
Alluvium units on the RP property are low-permeability silty sands and contain large levels of organic 
carbon.  Data indicate that metals present on the RP property due to historical manufacturing and 
disposal practices are localized in or near known source areas, and are not subject to ongoing 
transport away from those source areas.  The high levels of organic carbon likely have adsorbed and 
sequestered the metals near the source area thereby limiting migration.  

8.12.6.2 Cobalt 

Although cobalt can exist in the +2 and +3 oxidation states, cobalt(II) is the stable valence state in 
water under most geochemical conditions.  Cobalt(III) decomposes under Eh-pH conditions common 
for most natural waters, but complexation by ligands, such as EDTA and NH3, can stabilize the 
cobalt(III) valence state and allow it to persist in solution.  Under oxidizing and moderately reducing 
conditions, the uncomplexed ion Co2+ is the dominant cobalt aqueous species at pH values less than 
9.5.  The adsorption of cobalt in sediments and soils is closely linked to its oxidation state, and is 
largely controlled by the presence of iron and manganese oxides and clay minerals.  In the absence 
of organic complexants, cobalt is moderately-to-highly adsorbed on minerals, and cobalt Kd values 
commonly reported in the literature range from 103 to 105 mL/g.  At high surface loadings, surface-
mediated precipitation processes may be responsible for the high adsorption (i.e., large Kd values) 
observed for cobalt.   

Cobalt was not used at the RP property.  Detections of cobalt in soil are widespread across the RP 
property and vicinity as cobalt is common in volcanic derived soils.  Therefore, discussion of the fate 
and transport of cobalt is not warranted.   
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8.12.6.3 Chromium 

Chromium in groundwater is usually in the trivalent (+3) or hexavalent (+6) oxidation states.  The 
hexavalent chromium in groundwater is typically soluble and mobile, while the trivalent form is 
insoluble and immobile (Fetter, 1993).  Chromous hydroxide (Cr(OH)3

Chromium was not used at the RP property.  Detections of chromium at the RP property and vicinity 
are very limited and likely related to Arkema brine mud waste streams and anodes used during 
chlorate production, dust containing heavy metals disposed of at the ESCO Site, MGP-related waste 
at the Gasco and Siltronic sites, metals wastes associated with the NL/Gould operations, disposed 
pigment and slag wastes at the GS Roofing Site, and wastes at the Kinder Morgan/Willbridge and 
Schnitzer/Air Liquide sites.  Therefore, discussion of the fate and transport of chromium is not 
discussed further. 

) is a likely precipitate under 
reducing conditions, indicated by the Eh-pH diagram for chromium presented in Fetter (1993).  The 
typical groundwater conditions at the RP property are near neutral pH and Eh (ORP plus 200 mV) is 
slightly positive. 

8.12.6.4 Iron 

The aqueous species are Fe2+ and Fe3+.  The most common ores of iron are hematite, or ferric oxide 
(Fe2O3); limonite, or ferric oxide (Fe2O3); magnetite, or iron oxide (Fe3O4); and siderite, or iron 
carbonate (FeCO3

Iron may be liberated by changes in redox conditions associated with biodegradation of organic 
constituents.  This iron may transport in groundwater or precipitate depending on specific conditions.  
Release of sulfuric acid from NL/Gould would be expected to release iron and other metals from the 
aquifer, due to the acidic conditions that would be created.  Based on the volume and concentration of 
acid release, and the buffering capacity of the aquifer, the acid would eventually be neutralized by 
reaction with aquifer materials.  Once the pH returns to near neutral, the metal transport would return 
to that typical for natural conditions, based on specific properties of the metal. 

).  

8.12.6.5 Lead 

Lead mobility is low, restricted by tendency to adsorb to manganese-iron oxides and insoluble organic 
matter but assisted by formation of soluble organic complexes and anion (Cl- and HCO3

-

Lead was not used at the former RP property, and any lead that may be present in groundwater is 
likely from neighboring property owners such as the battery recycler NL/Gould.  The lead from 
NL/Gould was dissolved in sulfuric acid normally contained in batteries.  Release of sulfuric acid from 

) complexes. 
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NL/Gould would be expected to release iron and other metals from the aquifer due to the acidic 
conditions that would be created.  Based on the volume and concentration of acid release, and the 
buffering capacity of the aquifer, the acid would eventually be neutralized by reaction with aquifer 
materials.  Once the pH returns to near neutral, the metal transport would return to that typical for 
natural conditions based on specific properties of the metal. 

8.12.6.6 Manganese 

Manganese is mainly associated with iron and magnesium in silicates and present as manganese(II).  
It never occurs as a pure element in nature; it always combines with oxygen or other elements.  
Manganese’s mobility is intermediate to low, except in acid reducing environments where manganese 
can move very readily.  Manganese-oxide minerals co-precipitate or adsorb a very large number of 
trace elements (ATSDR, 2008c).  Manganese(II) is a metabolic byproduct of microbial processes.  
When manganese(IV) is used as an electron acceptor during anaerobic biodegradation of organic 
carbon, it is reduced to manganese(II), a more soluble form of manganese.  Thus, elevated 
manganese(II) concentrations can be used as an indicator that anaerobic degradation of organic 
carbon has occurred via manganese(IV) reduction.   

Release of sulfuric acid from NL/Gould would be expected to release iron and other metals from the 
aquifer due to the acidic conditions that would be created.  Based on the volume and concentration of 
acid release, and the buffering capacity of the aquifer, the acid would eventually be neutralized by 
reaction with aquifer materials.  Once the pH returns to near neutral, the metal transport would return 
to that typical for natural conditions based on specific properties of the metal. 

8.12.6.7 Mercury 

Mercury occurs as a metal and in the valence states of +1 and +2.  Aqueous species of mercury are 
Hg2+, Hg(OH)2O,  HgCl2

While mercury was widely detected in soils at low concentrations, the number of mercury detections in 
groundwater was limited to one detection on RP property.  The limited number of detections of 
mercury in groundwater is direct evidence that mercury is not transported from soils to groundwater.  
While mercury was detected in groundwater on Arkema Site, the fate and transport are not discussed 
further as these detections are not associated with the RP property. 

O, and HgO.  Inorganic mercury compounds have a very low solubility, and 
under most conditions there is little soluble mercury present.  Mercury mobility is limited by adsorption 
to solid organic matter.  
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8.12.6.8 Vanadium 

Aqueous species of vanadium include oxidation states of +3, +4, and +5.  In groundwater vanadium 
can form many oxides and hydroxides, which limits its transport due to adsorption by iron oxides.  
Adsorption decreases with increasing pH, with maximum adsorption at low pH (3 to 4).  Metal oxide 
adsorption technologies currently used for arsenic removal in arsenic contaminated water may also 
remove vanadium but not always with the same effectiveness.   

Vanadium was not used at the RP property.  Most detections of vanadium in groundwater were from 
groundwater on properties other than the RP property.  Total vanadium was detected in the former 
Doane Lake area, IA, and HA, and on Arkema, BNSF, City, ESCO, NL/Gould, Kinder 
Morgan/Willbridge Metro, Schnitzer/Air Liquide, and Siltronic sites, as well as west of Highway 30, 
upgradient of the RP property.  The widespread detections of low concentrations of vanadium in many 
wells including upgradient wells suggest that one source of vanadium is atmospheric deposition or 
natural occurrence.  The higher concentrations of vanadium in groundwater near the River are likely 
related to the activities of neighboring property owners. 

8.12.6.9 Chloride 

Chloride readily dissolves in water and can be used as a conservative tracer, as chloride is known to 
move at the same velocity of the groundwater.  Chloride concentrations in the HA well MW-05-24 
have remained relatively constant between 1989 and 2009, suggesting little water has passed though 
this interval to dissolve the chloride.  Chloride concentrations in well MW-05-34 have decreased from 
615 mg/L in 1989 to 15.4 mg/L in 2009 (Figure F-300 in Appendix F), suggesting that groundwater 
has diluted the chloride.  The highest chloride concentration found west of Front Avenue was near 
former WDL in well W-09-D(38) at 1,900 mg/L in December 1989.  When resampled in April 2009, the 
concentration had decreased to 240 mg/L. 

Chloride in the Fine Grained Alluvium generally increases downgradient from the background well W-
18-I(55) west of Highway 30, where chloride was detected at 3 to 5 mg/L.  The chloride tends to be 
higher in shallow wells on site and then in deeper wells further downgradient.  Chloride is detected in 
the Fine-Grained Alluvium near MW-02 and MW-03, and in the NPA.   

Chloride concentrations in the Alluvial-Colluvial Gravel and CRBG increase downgradient along the 
centerline of the plume (Figure F-303 in Appendix F).  Concentrations of chloride in upgradient well 
W-18-D(68) west of Highway 30 range from 3.5 to 11.9 mg/L.  Chloride concentrations in the plant 
area during the last 10 years range from approximately 30 to 100 mg/L.  Moving downgradient to the 
ESCO Site and N.W. Front Avenue, concentrations are generally around 700 mg/L.  Chloride 
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concentrations farther downgradient at RP-07-84 are generally decreasing from 1,130 mg/L in 2002 to 
903 mg/L in 2009, suggesting that the chloride front passed this point before 2002.  Concentrations in 
RP-07-119 range from 632 to 568 mg/L, suggesting that the front has also passed.  However, the 
permeability is higher in this zone and, therefore, more water volume has passed, resulting in a 
slightly lower chloride concentration.  The chloride data can also be used to bound the plume in the 
Fine-Grained Alluvium to the west, as concentrations in MW-03-141 range from 69.8 mg/L to 43.5 
mg/L and in well MW-03-137 range from 130 to 155 mg/L.  

8.12.6.10 Ammonia 

Concentrations of ammonia in groundwater at the RP plant area are generally below the detection 
limit.  The highest concentrations of ammonia are found in the Artificial Fill along NW Front Avenue on 
the Schnitzer/Air Liquide property.  The distribution of ammonia described above clearly suggests that 
the source of the ammonia was Schnitzer/Air Liquide.  Fate and transport of ammonia are not 
discussed further. 

8.12.7 Summary of Transport Pathways 
Inorganics are widely distributed in soil and groundwater in the RP and vicinity properties.  Inorganics 
detections on the RP property are limited to and localized within probable source areas.  The highest 
detections of arsenic are limited to soil in the HA and IA, indicating that these constituents are not 
transported from the RP property along any of the transport pathways (Section 7.0).  The numerous 
detections of multiple inorganics in the former Doane Lake area are related to disposal practices of 
surrounding industries (Section 3.2) and include contributions from surrounding properties.  Therefore, 
with the exception of arsenic in soil localized in the former RP plant area, inorganics are not 
considered constituents of concern for the RP RI. 

8.12.7.1 Soil  

Elevated detections of inorganics on the RP property are associated with areas of manufacturing and 
formulation (HA) and waste management practices within the LADD and south end of former WDL.  
Inorganics have limited potential for transport from soil to groundwater (Section 8.12.5), and are 
subject to rapid precipitation in environmental media, which is consistent with the distribution of 
inorganic detections in the RI Report groundwater dataset (Section 8.12.5.2). 

Samples collected from the former Doane Lake area and HDD have relatively high arsenic and lead 
concentrations, indicating contribution from non-RP source in these multi-source areas, including 
contribution from pentachlorophenol-treated wood, metal smelting, auto fluff, and urban and industrial 
background.    
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8.12.7.2 Groundwater  

Inorganics have been detected in multiple wells across the RP monitoring well network, with 
numerous areas of elevated concentrations on neighboring properties and disposal areas, such as the 
LADD area.  The wide distribution of inorganics indicates multiple sources contributing these 
compounds to groundwater at the RP property and vicinity.  Non-RP sources contributing to 
detections in the RP monitoring well network include MGP waste, pentachlorophenol-treated wood, 
metal smelting, auto fluff, graphite-electrodes, and urban run-off.  Inorganics with detections greater 
than the RSL are limited to isolated areas and show no trends of transport.  Given the pH and Eh 
conditions present in the groundwater in the RP property and vicinity, inorganics are expected to be 
immobile.  

The strong adsorption of arsenic onto iron oxides limits mobility in the environment.  Ferric hydroxides 
are stable over a wide Eh-pH range limiting the mobility of arsenic once adsorbed.  Arsenic is also 
adsorbed to clay minerals.  Geochemical conditions Eh-pH of groundwater at the RP property 
(Section 8.3) are optimal for limiting arsenic mobility.  The aquifer is high in iron, clay, and organic 
matter, which limits arsenic mobility. 

8.12.7.3 Surface Water and Lake Sediments 

NDL:  Inorganics were detected in the majority of sediment, surface water, and biota samples from 
multiple locations across NDL.  The inorganic concentrations detected in both the sediment and 
surface water samples closely resemble the concentrations found in an industrialized urban runoff.  
NDL is a triangular lake remnant surrounded on all three sides by railroad tracks and receives run-off 
from Highway 30, which are the likely source of the majority of inorganics in the lake.    

NDP:  Inorganics were detected in all sediment and surface water samples from upstream (Doane 
Creek) and within NDP.  Detections upstream of NDP suggest a non-RP source in NDP, including 
urban background, MGP waste and pentachlorophenol-treated wood.  Samples collected from NDP 
and nearby shallow monitoring wells screened within known MGP waste exhibit similar detections.   

Former WDL:  Generally, inorganic concentrations in sediment were relatively distributed throughout 
the lake, with the highest concentrations observed in the southern end.  Surface water detections 
were generally similar across former WDL.  The wide range of inorganics detected in former WDL 
indicate multiple source contributions, including historical RP operations, urban background, 
pentachlorophenol-treated wood, metal smelting and auto fluff.  Former WDL has no connection to 
groundwater, and there is no surface water outlet between former WDL and any other water body.  
The WDL IRAM completed in October 2010 stabilized and isolated WDL sediment, eliminating the 
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direct contact exposure pathway to current receptors and significantly reducing the mobility of 
inorganics from WDL. 

8.12.7.4 Stormwater and Non-Stormwater 

City Outfall 22B:  Concentrations of metals tend to increase along 22B near the NL/Gould Site.  The 
trend of increasing concentration can be seen in arsenic, lead, and vanadium data.  The high 
frequency of arsenic and lead indicates a non-RP source contributing to detections in the City Outfall 
22B storm sewer system, including urban background from diesel truck emissions from industrial 
areas.  Storm sewer sediment cleanout results do not correlate directly with non-stormwater results 
for metals, but are suggestive of multiple sources of sediment to the system. 

City Outfall 22C:  Few metals were detected in outfall samples associated with City Outfall 22C storm 
sewer system.  The metals are indicative of a non-RP source and more closely resemble urban 
background, pentachlorophenol-treated wood, and the presence of MGP waste from Gasco 
operations.   

9.0 LOCALITY OF FACILITY 

“Locality of facility (LOF)” is defined in OAR 340-122-115(35) as “any point where a human or an 
ecological receptor contacts, or is reasonably likely to come into contact with, facility-related 
hazardous substances.”     

The following media at the identified properties (or portions thereof) are part of the RP LOF.   

● RP property:  surface and subsurface soil in the IA, HA, and NPA, and groundwater in the 
Artificial Fill, Fine-Grained Alluvium, Alluvial-Colluvial Gravel, and CRBG. 

● NL/Gould property:  shallow soil near the RP property border and groundwater in the 
Artificial Fill, Fine-Grained Alluvium, Alluvial-Colluvial Gravel, and CRBG. 

● ESCO property:  groundwater in Artificial Fill, Fine-Grained Alluvium, Alluvial-Colluvial 
Gravel, and CRBG. 

● Arkema property: A portion of Lots 1 and 2, and a portion of Tract A:  groundwater at depth 
(below approximately 50 feet bgs) in the Fine-Grained Alluvium, Alluvial-Colluvial Gravel, 
and CRBG.  

● Siltronic property:  groundwater within a portion of the Fine-Grained Alluvium, Alluvial-
Colluvial Gravel, and CRBG near the BNSF tracks; groundwater in the Troutdale 
Formation and CRBG in a limited area in the northeastern portion of the property; and 
surface water and sediment at the NDP. 
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● Schnitzer/Air Liquide property:  groundwater in a portion of the Artificial Fill and Fine-
Grained Alluvium. 

● Metro property:  groundwater in a portion of the Artificial Fill and the Fine-Grained 
Alluvium. 

● Kinder Morgan/Willbridge property:  groundwater in a portion of the Fine-Grained Alluvium 
near the southwestern corner of the property. 

● City of Portland Guilds Lake Pump Station property:  groundwater in the Fine-Grained 
Alluvium, Alluvial-Colluvial Gravel, and CRBG; surface and subsurface soil in the HDD. 

● BNSF property:  surface and subsurface soil in the LADD and HDD; groundwater in a 
portion of the Artificial Fill, Fine-Grained Alluvium, Alluvial-Colluvial Gravel, and CRBG; 
surface water, sediment, and pore water in NDL; and shallow soil in a portion of the 
Riverbank immediately below the City Outfall 22B discharge and HDD.    

The RP LOF for the RI Report does not include environmental media within the boundaries of the 
Portland Harbor Superfund Site, including the River.  Only areas upland from the ordinary high water 
mark of the River are included in the RI/SCE Report LOF.  The “line of ordinary high water” is defined 
in ORS 274.005 as “the line on the bank or shore to which the high water ordinarily rises annually in 
season.” 

10.0 CURRENT AND REASONABLY LIKELY FUTURE LAND AND WATER USE 

This section discusses current and reasonably likely future land and water use, and was updated from 
the RI Work Plan (RI WP; E & E, 1999) and HHRA (AMEC, 2006g).  Land and water use for areas 
outside the RP LOF are addressed only to support conclusions for land and water use within the RP 
LOF. 

10.1 LAND USE 

The RP property is located within a heavily industrialized area in Portland’s Northwest Industrial 
District.  Current and reasonably likely future land uses within the LOF were evaluated in accordance 
with OAR 340-122-0080 and DEQ’s “Final Guidance for Consideration of Land Use in Environmental 
Remedial Actions,” dated July 1, 1998 (DEQ, 1998b).   

10.1.1 Site and Vicinity Use 
The RP property is not used but contains three of the original facility structures, the WTP, and 
concrete foundations from historical buildings.  Ground surfaces at the RP property consist of a mix of 
asphalt, gravel, and concrete foundations in the former RP plant area, and gravel and various grasses 
and weedy plants in the NPA.   
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Adjacent properties within the LOF are industrial use or are vacant.  The NL/Gould property is vacant 
but contains a RCRA-compliant quality hazardous waste onsite containment facility (OCF) that was 
constructed as the remedy for the NL/Gould NPL Superfund Site (EMCON, 1997).  The ESCO 
property is vacant but contains a capped landfill of low-level radioactive foundry casting sands, 
including metal and other debris. 

Industrial enterprises surround the RP property to the east and southeast, including the Metro, Air 
Liquide, BNSF right-of-way, and the Kinder Morgan/Willbridge bulk gasoline and fuel oil terminal.  
Industrial sites located to the north and northeast of the RP property include the former Arkema DDT 
and chloralkali manufacturing facility, BNSF right-of way (embankment and tracks), and the Siltronic 
silicon wafer facility located north of the BNSF embankment (Figure 1-B).  

The following are the historical and current industrial land uses within the LOF (WCC 1997a): 

● Northwest Natural Gas/GASCO (northwest of RP property) – Historically a manufactured 
gas production facility; currently a natural gas distribution facility.  The site is listed on the 
State Superfund (CERCLIS) for releases of tars, oil creosote, phenols, PAHs, BTEX, and 
lead (ECSI #84). 

● Koppers (northwest of RP property) – Historically a coal tar pitch production and wood 
treatment chemical distribution facility; currently a storage facility for imported liquid coal 
tar binder pitch (Koppers, 2010).  The site is listed on the State Superfund (CERCLIS) for 
releases of VOCs, SVOCs, PAHs, petroleum hydrocarbons, metals, tar acids, tar bases, 
and sulfur (ECSI #47). 

● Siltronic (north and northwest of RP property) – Historically and currently a silicon wafer 
manufacturing facility.  The site is listed on the State Superfund (CERCLIS) for releases of 
TCE and degradation products (ECSI #183). 

● NL/Gould (east of and adjacent to RP property) – Historically a secondary lead smelter; 
currently vacant land and OCF.  The property was listed on the CERCLA NPL Superfund 
list in 1980.  A RCRA-quality hazardous waste OCF was constructed on-site as the 
remedy.  The property is subject to institutional controls to preserve the future use as an 
OCF.  The site is listed on the State Superfund (CERCLIS) for releases of lead, cadmium, 
zinc, sulfate, and sulfuric acid (ECSI #49). 

● ESCO (northeast of and adjacent to RP property) – Historically part of former Doane Lake 
and a foundry waste landfill; currently a capped landfill of low-level radioactive foundry 
sand and metal and other debris.  The site is governed by a DEQ Solid Waste Landfill 
Closure Permit and is listed on the State Superfund (CERCLIS) for releases of foundry 
sands, slag, demolition debris, dust and foundry yard debris (ECSI #397). 

● Arkema (north and east of RP property) – Historically a DDT and chloralkali chemical 
production facility and an electrical substation; no current operations.  The site is listed on 
the State Superfund (CERCLIS) for releases of chlor-alkali byproducts, pesticide 
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byproducts, sodium orthosilicate, alkaline cleaners, ammonia, ammonium hydroxide, 
hydrochloric acid, and sodium hypochlorite (ECSI #398). 

● Schnitzer/Air Liquide (east of RP property) – Historically part of former Doane Lake (EDL) 
and an acetylene and other industrial use gas production/distribution facility and auto 
shredder fluff disposal site; currently an acetylene and other industrial use gas 
production/distribution facility.  The site is listed on the State Superfund (CERCLIS) for 
releases of VOCs, dioxins and furans, PCBs, and inorganic compounds (ECSI #395). 

● Kinder Morgan/Willbridge (southeast of RP property) – Historically and currently a bulk 
gasoline and fuel oil storage facility.  The site is listed on the State Superfund (CERCLIS) 
for releases of gasoline range to heavy oil range petroleum products (ECSI #1549). 

● City (sewer pump station and sewer right-of-way located north and northeast of RP 
property) – Historically and currently a surface drainage ditch, a sanitary sewer pump 
station, and vacant land. 

● Metro (east of and adjacent to RP property) – Historically a steel warehouse, and sheet 
metal cutting and distribution facility; currently a regional transfer station that accepts 
garbage, recycling, and household hazardous waste. 

● BNSF (parallels RP property on the north and western boundaries) – Historically and 
currently railroad rights-of-way (tracks and embankments), a lift bridge, and equipment 
storage.  

10.1.2 Tax Lot Information 
The RP property consists of 18.28 acres on four tax lots located in Section 13, Township 1 North, 
Range 1 West of the Willamette Meridian.  The majority of the RP property is located on two tax lots 
(500 and 1000) covering 16.42 acres.  Two additional tax lots make up the remainder of the RP 
property, and include a thin strip of land located between the ESCO and NL/Gould properties covering 
0.84 acres (tax lot 900) and 1.02 acres of an irregularly-shaped piece of land located within the HA 
south of the WTP, between the main plant area and BNSF property (tax lot 1401).  

Tax lot information for the RP property and other properties within the LOF are summarized in Table 
10-A.  These properties are located in Sections 12 and 13 of Township 1 North, Range 1 West of the 
Willamette Meridian, and Section 18 of Township 1 North, Range 1 East of the Willamette Meridian. 

10.1.3 Zoning Information 
The area of the LOF is zoned for heavy industrial use, and is within an industrial sanctuary.  Zoning 
for properties within the LOF is presented in the following sections, illustrated on Figure 10-A and 
summarized in Table 10-A.  Potential future zoning requirements presented in the River Plan/North 
Reach Recommended Draft (CPBPS, 2009a) are summarized at the end of this section.   
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10.1.3.1 RP Property 

The RP property is zoned for Heavy Industrial use (IH).  Uses allowed in the IH zone are defined in 
CPBPS Zoning Code Chapter 33.140 (Zoning Code Title 33, Chapter 33.140, CPBPS, 2010a).  

 Properties within the RP LOF are located within the Guild’s Lake Industrial Sanctuary (GLIS) Plan 
District.  The GLIS Plan was adopted by the Portland City Council on November 21, 2001 and 
became effective December 21, 2001.  According to the plan (City, 2001): 

“The purpose of the Guild’s Lake Industrial Sanctuary Plan is to maintain and protect this area as a 
unique place for a broad variety of industrial land uses and businesses.  The plan recognizes the 
unique role of industrial land in Portland’s economy and the importance of industrial businesses in 
providing living-wage jobs.  The plan’s vision statement, policies, and objectives have been adopted 
as part of Portland’s Comprehensive Plan and are implemented through amendments to Portland’s 
Title 33: Planning and Zoning.  The plan’s action charts identify specific projects, programs, and 
regulations that will help implement the plan’s vision, policies, and objectives over the next twenty 
years.”  

A small portion of the NPA adjacent to WDL is located within an environmental conservation overlay 
zone that is part of the heavy industrial zoning (IHc).   

10.1.3.2 Properties within the RP LOF 

Properties within the RP LOF are zoned heavy industrial and are located within the GLIS.  The zoning 
designations for land in the RP property vicinity have been the same since the middle 1950s (WCC, 
1997a).  Portions of Arkema, Siltronic, BNSF, ESCO, and City properties are located within one of 
four overlay zones that are part of the heavy industrial zoning.  The four zones include:  (1) 
environmental conservation (IHc), (2) environmental protection (IHp), (3) river industrial greenway 
(IHi) and (4) river natural greenway (IHn).  These overlay zones impact how work is designed, 
permitted, and implemented in these areas of the RP LOF. 

10.1.3.3 River Plan 

The CPBPS released the River Plan/North Reach Recommended Draft in November 2009.  This plan 
will amend current zoning codes in the vicinity of the River, eventually replacing the “greenway” 
designations with “river” designations.  The draft plan includes the addition of the River Environmental 
overlay zone, which was applied to high- and medium-ranked resources identified in the 2009 CPBPS 
Willamette River Natural Resources Inventory: Riparian Corridors and Wildlife Habitat (CPBPS, 
2009a).  The new overlay zone applies in combination with one of the other river overlay zones and 
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has regulations similar to the existing environmental conservation zones (CPBPS, 2009a).  The River 
Environmental overlay zone does not impact the RP property but it will impact properties within the 
RP LOF and vicinity, including the Arkema, Siltronic, and Gasco property shorelines.    

The River Plan/North Reach Recommended Draft proposes changes to existing overlay zones as 
well.  The current environmental conservation overlay zone will no longer apply south of the railroad 
tracks on the RP and BNSF properties.  The environmental conservation overlay zone will be 
expanded to the north of the railroad tracks to cover a large portion of the Siltronic property and 
Doane Creek on the BNSF property.  The RP property will be zoned as heavy industrial with no 
overlay zones after the River Plan/North Reach Recommended Draft becomes final.   

Additional overlay zones that will apply within the RP LOF and vicinity include: 

● Heavy Industrial as part of the River Industrial Greenway Zone (IHi) – Encourages and 
promotes the development of river-dependent and river-related industries, which 
strengthen the economic viability of Portland as a marine shipping and industrial harbor 
while preserving and enhancing the riparian habitat and providing public access where 
practical (CPBPS, 2009b). 

● Heavy Industrial as part of the River Natural Greenway Zone (IHn) - Protects, conserves, 
and enhances land of scenic quality or of significant importance as wildlife habitat (CPBPS, 
2009b). 

● Heavy Industrial as part of the Environmental Protection Zone (IHp) - Provides the highest 
level of protection to the most important resources and functional values.  These resources 
and functional values are identified and assigned value in the inventory and economic, 
social, environmental, and energy (ESEE) analysis for each specific study area.  
Development will be approved in the environmental protection zone only in rare and 
unusual circumstances (CPBPS, 2010b). 

● Heavy Industrial as part of the River Environmental overlay zone (IHe) - Protects, 
conserves, and enhances important natural resource functions and values while allowing 
environmentally sensitive development (CPBPS, 2009a). 

The City and Siltronic have signed a Memorandum of Understanding (MOU) to modify the zoning for 
the 80-acre parcel owned by Siltronic (City/Siltronic, 2010) as proposed in the River Plan/North Reach 
Recommended Draft.  Specifically, Siltronic has agreed to grant a portion of its property that borders 
BNSF property as a conservation easement to support potential future habitat restorations for NDL, 
NDP, and Doane Creek.  In exchange, the City will modify the future environmental conservation and 
river environmental overlay zoning to allow for future industrial development on the remaining portions 
of the Siltronic property. 
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10.1.4 Land Use Determination Summary 
The RP property is a former chemical manufacturing facility, is no longer in use, and is not expected 
to be used in the future.  StarLink has no current plans to use or sell the property.  If the property were 
to be redeveloped, the likely future use is industrial based on historical and current zoning, and 
location within the GLIS.  

All other properties within the RP LOF are zoned industrial and were either historically used or are 
currently used for industrial activities.  Future use also is likely to be industrial, based on historical 
trends and location within the GLIS.  The Land Use Determinations (LUDs) presented by Arkema 
(ERM, 2004), Siltronic (MFA, 2007), Gasco (HAI, 2007a), and Willbridge (KHM, 2003) as part of their 
RI Reports indicate that future land use is reasonably likely to remain industrial. 

10.2 WATER USE 

Current and reasonably likely future beneficial uses of groundwater and surface water within the LOF 
were evaluated in accordance with OAR 340-122-0080 and DEQ’s “Guidance for Conducting 
Beneficial Water Use Determinations at Environmental Cleanup Sites”, dated July 1, 1998 (DEQ, 
1998b). 

Beneficial water uses were evaluated by accessing the Oregon Water Resources Department 
(OWRD) groundwater resource information distribution (GRID) database and the Water Rights 
Information System (WRIS) database (OWRD, 2010a).  The OWRD was searched for wells and water 
rights within the RP LOF (Township 1N, Range 1W, Sections 12 and 13, and Township 1N, Range 
1E, Section 18).  In addition, an evaluation of the availability of other water sources, deed restrictions, 
water quality, production rates, and geologic considerations was completed and is presented in the 
following sections.   

10.2.1 Current Beneficial Uses of Groundwater 
No water supply wells are or have historically been located at the RP property.  Current uses of 
groundwater at other properties within the RP LOF and vicinity were evaluated through a review of 
well location records and logs available from the OWRD website (OWRD, 2010b).  Information for 
water wells located within the RP LOF is summarized on Table 10-B, and the locations of these wells 
are shown on Figure 10-B.  Logs for wells presented in Table 10-B are provided in Appendix G. 

10.2.1.1 Domestic Use 

No drinking water supply wells or domestic wells were identified within the RP LOF.  Residences on 
the west side of Highway 30 across from the RP property use the City water supply (WCC, 1997a).  
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The nearest private water wells installed for domestic use are at least one mile southwest of the RP 
property in a residential area in the Tualatin Mountains located off Skyline Boulevard.  This area of 
Skyline Boulevard is at a much higher elevation than the RP property and is well outside of the RP 
LOF.     

10.2.1.2 Industrial Use 

One former industrial-use well was located within the RP LOF (Figure 10-B).  Well information is 
summarized in Table 10-B and the former well location is shown on Figure 10-B. 

● The well on Schnitzer/Air Liquide property (Well “A” on Figure 10-B) was installed in 1973.  
It was completed in the CRBG and was constructed to supply water for industrial 
processes.  Use of the well was discontinued in approximately 1994 (WCC, 1997a).  A 
survey form completed by Schnitzer in 1996 indicated Schnitzer was unfamiliar with the 
previous use of this well and did not have plans for future use (AMEC, 2005d).  Schnitzer 
abandoned the well in December 2008. 

Five industrial-use wells completed in the CRBG were identified outside the RP LOF but within 1 mile 
of the RP property.  Well information is summarized in Table 10-B and well locations are shown on 
Figure 10-B. 

● Two of the five wells were located on Arkema property (Wells “B” and “C” on Figure 10-B) 
and were completed in the CRBG in 1949 and 1953.  They were reportedly never used 
because of low water production rates and because the groundwater quality was too poor 
(highly saline) for the intended industrial use (AMEC, 2005d).  Both wells were abandoned, 
as documented on Table 2-1 of the Phase 2 Site Characterization Acid Plant Project, 
prepared for Elf Atochem North America by CH2M Hill in June 1997 (CH2M Hill, 1997). 

● Two of the five wells were installed by Fibreboard Paper Products on their property located 
at 6350 NW Front Avenue in the 1940s (Wells “D” and “E” on Figure 10-B).  These wells 
were designated to supply water for cooling and making paper.  The locations of the wells 
on Figure 10-B is based on Figure 2-3 from the 1997 Phase 2 Characterization Acid Plant 
Project, prepared for Elf Atochem North America by CH2M Hill in June 1997 (CH2M Hill, 
1997), and information obtained from the GS Roofing consultant, Forensic Environmental 
Services, Inc, which confirms that the wells are located on GS Roofing property.  The exact 
location of the wells is not known.  The wells are not currently in use; it is not known if they 
have been abandoned.  

● The fifth well is owned by Chevron (Well “F” on Figure 10-B) and was installed in 1989.  It 
historically was used for process water at the asphalt production plant (WCC, 1997a).  
Chevron indicated in a 1996 survey form that only municipal water was currently used and 
that Chevron planned to use only municipal water in the future. 

There are no recorded historical or current industrial uses of alluvial groundwater identified in the 
OWRD GRID database and WRIS database within the RP LOF or vicinity. 
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10.2.1.3 Irrigation and Livestock Watering Use  

There is no record of livestock watering or irrigation use for groundwater within the RP LOF. 

10.2.2 Reasonably Likely Future Uses of Groundwater 
StarLink does not plan to install water supply wells at the RP property.  It is reasonably likely that no 
groundwater would be developed within the RP LOF and vicinity in the future because past attempts 
by neighboring properties to use groundwater have typically been unsuccessful or because property 
owners have demonstrated over time that high quality municipal water sources are preferred over 
groundwater.  The next sections provide information to support these statements.   

10.2.2.1 Current Uses and Deed Restrictions 

There are no current beneficial uses of groundwater either at the RP property or within the RP LOF.  
Three property owners within the LOF (Schnitzer, ESCO, and NL/Gould) executed deed restrictions to 
prevent the use of groundwater on their respective properties.  The deed restrictions were executed in 
the late 1990s and demonstrate that some owners within the RP LOF have no intention to use and will 
not use the groundwater beneath their property for industrial purposes (AMEC, 2005d).  Schnitzer 
abandoned the well on its property in 2008.  

10.2.2.2 Water Quality and Availability of Other Water Sources 

Water quality was evaluated to assess whether the use of groundwater is reasonably likely.  Water 
quality must be adequate for the intended use.  Testing and/or permitting for water discharge to a 
municipal collection system or the Willamette River may be required if water quality does not meet 
applicable numerical standards. 

Water quality at the RP property and within the LOF is affected by high levels of metals and dissolved 
solids that may cause fouling, precipitation, and bacterial growth within a production well and/or within 
the industrial system.  Levels of hardness (approximately 100 to 300 mg/L), total dissolved solids 
(approximately 200 to 8,800 mg/L), iron (approximately 100 to 11,400 mg/L total and 60 to 11,500 
mg/L dissolved) , manganese (approximately 30 to 27,000 mg/L total and 30 to 26,000 mg/L 
dissolved), and potassium (approximately 2,000 to 12,000 mg/L total and 2,500 to 10,000 mg/L 
dissolved) (Table C3-1 of Appendix C) are high enough in groundwater in the Alluvial-Colluvial Gravel 
and CRBG at the RP property to exceed secondary EPA MCLs, suggesting that use of untreated 
water would cause scaling, staining, and sediment deposition, and have potentially corrosive impacts 
to mechanical systems.  Saline groundwater is documented within the CRBG at the Arkema property.  
This high salinity was cited as one reason their production wells were never used. 



 

AMEC Earth & Environmental, Inc. 
Project No.:  0-61M-107030/Phase 0104/T6 499 
K:\10000\10700\10703\0100 RI-FS-ROD\0104 RI Report\Draft RI\RI-SCE Report.Docx 

Industrial properties within the RP LOF property obtain water primarily from the City and secondarily 
through surface water diversions along the River.  These water sources provide high quality and 
reliable water to industry and adequate supply is available for the foreseeable future. 

In the unlikely event that an industrial property owner did not choose to use municipal water, it would 
be more likely for surface water to be used, instead of incurring well installation costs for a water 
supply of uncertain quantity and quality.  More information about current and reasonably likely future 
surface water use is presented in Section 10.2.4 

10.2.2.3 Geologic Conditions and Groundwater Production Rates 

Groundwater occurs approximately 10 to 20 feet bgs at the RP property and within the LOF.  
Groundwater is defined to occur in five stratigraphic units including the Artificial Fill, Fine-Grained 
Alluvium, Alluvial-Colluvial Gravel, Troutdale Formation, and CRBG.   

The geologic and hydrogeologic properties of the Artificial Fill and Fine-Grained Alluvium limit the 
volume of water that could be produced by a well completed in these zones based on the type of 
deposit, unit thickness, depth to water, grain size, and hydraulic conductivity (refer to Appendix D).  
There is no beneficial groundwater use from these units, and no domestic water or industrial supply 
wells completed in these units are located within the RP LOF. 

The Alluvial-Colluvial Gravel and Troutdale Formation are limited in extent within the RP LOF.  They 
do not overlap and are separated from each other horizontally as illustrated in Figure 6-T (the 
northern extent of the Alluvial-Colluvial Gravel is approximately 175 feet away from the southern 
extent of the Troutdale Formation) and vertically as illustrated in Figure 6-N (the Troutdale Formation 
is approximately 80 to 100 feet deeper than the Alluvial-Colluvial Gravel).  The Alluvial-Colluvial 
Gravel is not extensive or thick enough and does not have a high enough hydraulic conductivity to 
support the volume of water needed for an industrial use.  Groundwater from the Alluvial-Colluvial 
Gravel is, therefore, not reasonably likely to have a future beneficial use.  The Troutdale Formation, 
though typically considered a reliable source of groundwater, is limited in extent and thickness (less 
than 30 feet) within the RP LOF, and, therefore, is not reasonably likely to have a future beneficial 
water use within the RP LOF. 

The CRBG is an extensive flood basalt and is generally considered to produce groundwater at an 
adequate rate.  However, the geologic setting within the RP LOF limits the ability of the CRBG to 
produce an adequate volume of water for industrial use, as supported by the following information: 
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● Site-specific and regional geology indicate the RP LOF is located within a fault block that 
has sustained substantial physical deformation.  The physical deformation includes 
extensive shatter breccias, the presence of fault gouges, and resulting formation offsets 
documented through CRBG geochemical results.  Shatter breccias are hosted by a fine-
grained (silt- and clay-size) matrix.  The fault gouges consist of clay.  Both features inhibit 
the movement of groundwater, limiting the volume a production well could pump from the 
CRBG. 

● Production rates at the three industrial supply wells located within the RP LOF and 
completed within the CRBG are limited by geologic conditions.  Arkema cited low 
production rates as one reason their production wells are not used (WCC, 1997a). 

This information indicates the CRBG does not have a reasonably likely current or future beneficial 
water use within the RP LOF. 

10.2.3 Groundwater Use Summary 
Groundwater within the RP LOF is not currently being used, nor is it reasonably likely that 
groundwater will be used in the future for domestic, industrial, irrigation, or livestock watering 
purposes for the following reasons: 

● Groundwater quality beneath the RP property and within the RP LOF is poor, and 
therefore, not desirable for industrial use. 

● Production rates are low and do not provide adequate water volume. 

● Alternative water sources (City municipal water supply and the Willamette River) are 
readily available and are of adequate quality and volume. 

● Historical use has been extremely limited and there is no historical use within the RP LOF 
that continued past 1996, indicating a trend to use alternative water supplies. 

StarLink maintains that groundwater within the RP LOF is not being used and it is not reasonably 
likely to be used in the future. 

10.2.4 Current Beneficial Uses of Surface Water 
The NDL, NDP, and the River are surface water bodies that have potential for beneficial use: 

● NDL is located northwest of the NPA on BNSF property and is surrounded by railroad 
tracks.  NDL is located within the LOF.  No surface water rights exist for NDL. 

● NDP is located northwest of the NPA on Siltronic property at the head of Outfall 22C, 
adjacent to Siltronic property.  NDP is located within the LOF.  No surface water rights 
exist for NDP. 
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● The River is located approximately 2,000 feet away from and downgradient of the former 
RP plant area.  The River is located adjacent to the LOF rather than being part of the RP 
LOF, and receives groundwater discharge from the Fine-Grained Alluvium and Alluvial-
Colluvial Gravel. 

Each water body has the potential to provide beneficial uses.  There is no information for NDL or NDP 
indicating any domestic, industrial, irrigation, or livestock watering use from these surface water 
bodies, based on water rights permit records for the RP LOF (Township 1N, Range 1W, Sections 12 
and 13, and Township 1N, Range 1E, Section 18) on the OWRD website.  There are two surface 
water rights from the Willamette River at Arkema property, as described further below.   

10.2.4.1 Domestic Use 

There are no surface water intakes for private or public drinking water supply from NDL, NDP, or the 
Willamette River.  Trespassers at NDL may be using it for domestic and drinking water purposes 
(E&E, 1999).  The small size of NDP makes it an unlikely source of domestic or drinking water.  The 
River could be beneficially used for domestic or drinking water purposes locally by individuals. 

10.2.4.2 Industrial Use 

There are no surface water intakes for industrial water supply from NDL or NDP.  There are two 
surface water rights at Arkema property, as shown on Figure 10-B.  Two surface water intakes, one 
each at Lots 3 and 4, are located along the banks of the River.  Surface water rights information is 
summarized on Table 10-C. 

One permit issued in 1941 to the Pennsylvania Salt Manufacturing Company (a predecessor to 
Arkema) allowed up to 8.9 cubic feet per second (cfs) intake from the River to provide cooling water 
for the purpose of manufacturing nitrate products.  Another permit was issued to Atochem NA, Inc. (a 
predecessor of Arkema) in 1990 to increase the intake rate to 48.5 cfs from two intake pipes, to 
provide additional cooling water for manufacturing (WCC, 1997a).  The certificate for this surface 
water right was renewed in July 2010.  A representative of the OWRD was contacted to inquire if this 
surface water right was being used.  The ORD representative could not verify use of the right but 
confirmed that OWRD documents the right as “non-cancelled”. 

10.2.4.3 Irrigation and Livestock Watering Use 

There are no surface water intakes used for livestock watering or irrigation water supply within the RP 
LOF according to OWRD records; therefore, there is no agricultural use of surface water within the RP 
LOF.  There are no surface water intakes used for livestock watering or irrigation water from the River 
adjacent to the RP LOF. 



 

AMEC Earth & Environmental, Inc. 
502 Project No.:  0-61M-107030/Phase 0104/T6 
 K:\10000\10700\10703\0100 RI-FS-ROD\0104 RI Report\Draft RI\RI-SCE Report.Docx 

10.2.4.4 Recreational Use  

NDL is located on BNSF property and access is restricted by the surrounding railroad tracks and 
embankments.  Trespassers have been observed at NDL and fish are present in the lake.  It is 
possible that NDL is being unlawfully used for recreational or subsistence fishing. 

NDP is too small to sustain any recreational use, and no fish are present in this water body. 

The River is used recreationally, but there is no public access within the RP LOF.  The nearest 
recreational boat access is at Cathedral Park, located on the opposite shore and almost one mile 
downstream from the RP LOF.  

10.2.4.5 Surface Water Ecological Habitat 

The DEQ, Oregon Department of Fish and Wildlife, and the U.S. Department of Interior Fish and 
Wildlife Service have provided comments identifying NDL and the River as aquatic and wildlife habitat 
(WCC, 1997a).  NDP also may provide a small area of ecological habitat. 

10.2.5 Reasonably Likely Future Uses of Surface Water 
The reasonably likely future beneficial surface water uses within the RP LOF are by trespassers and 
as ecological habitat at NDL.  NDP may currently provide a small area of ecological habitat.  The 
reasonably likely future uses of surface water near the RP LOF are expected to remain the same as 
current uses, which are industrial water supply, recreational, and ecological habitat. 

A new future surface water use within the RP LOF is described in the River Plan/North Reach 
Recommended Draft (CPBPS, 2009a) and includes potentially converting the Outfall 22C culvert pipe 
into a creek.  The River Plan/North Reach Recommended Draft and the City/Siltronic MOU 
(City/Siltronic, 2010) provide for updating zoning and overlay zones to protect and enhance the 
existing resources, including those at NDL and NDP.  StarLink maintains that conversion of the Outfall 
22C pipe into a creek is not considered reasonably likely for multiple technical and economic reasons.  
There are significant engineering issues to address in order to connect it to the River, including 
railroad embankment stability and provision of a continuous clean source of water to sustain the creek 
(shallow groundwater along Outfall 22C currently contains COIs related to MGP wastes).  Finally, 
construction of a creek in place of the Outfall 22C pipe would entail is a significant cost.  According to 
the General Investigation Study of Ecosystem Restoration in the Lower Willamette River (Tetra Tech, 
2008), the Doane Creek project is estimated to cost almost $9 million. 



 

AMEC Earth & Environmental, Inc. 
Project No.:  0-61M-107030/Phase 0104/T6 503 
K:\10000\10700\10703\0100 RI-FS-ROD\0104 RI Report\Draft RI\RI-SCE Report.Docx 

10.2.6 Surface Water Use Summary 
Surface water within the RP LOF exists at NDL and NDP.  The Willamette River is located adjacent to 
the RP LOF.  Conclusions regarding beneficial use of these water bodies are summarized below: 

● NDL - There are no surface water rights.  Current beneficial use is by local wildlife and as 
ecological habitat.  NDL potentially provides beneficial use to trespassers for domestic 
water and/or recreational use.  Reasonably likely future use is expected to be by local 
wildlife and as support for ecological habitat. 

● NDP – NDP may currently support a small area of ecological habitat.  Reasonably likely 
future beneficial surface water use is expected to remain the same unless the Outfall 22C 
pipe is converted into a stream channel in which case NDP likely would no longer exist 
independent of the stream channel. 

● River – There are two surface water rights for industrial use located on Arkema Lots 3 and 
4.  There are no surface water rights for any other type of use adjacent to the LOF.  
Current and reasonably likely future beneficial use of the River in the vicinity of the RP LOF 
include industrial, recreational, and ecological habitat. 

11.0 DATA COMPLETENESS EVALUATION 

Data completeness was evaluated for each media investigated.  The data set for each medium is 
complete and potential source areas and migration pathways are adequately characterized.  
Additional sampling to further define nature and extent for the RP RI is not necessary.   

The RP RI characterization also is sufficient to identify that there are third party contributions to the 
constituents found in environmental media at the RP property vicinity.  This data completeness 
evaluation does not address inadequacies in the characterization of the nature and extent of third 
party sources or investigations completed to date. 

The data sets used in the RI/SCE Report span a period of approximately 30 years and contain data of 
varying quality.  Data quality issues were identified and addressed by the use of modern analytical 
methods, and by comparison of older results with more recent data to evaluate representativeness of 
the older results.  Recent results generated using the modern analytical methods are considered the 
most representative, however all available data are included in the RI/SCE Report, as directed by 
DEQ.  Sufficient amounts of data were generated from modern analytical methods for the purpose of 
the RP RI. 

Focused data collection may be necessary to complete the FS or to support remedial design work 
where existing data are not adequate to allow for reasonable assumptions to be made in the 
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evaluation of remedial technologies.  Specific data collection needs to support remedy evaluations will 
be developed after initial remedial options are identified. 

11.1 SOIL CHARACTERIZATION 

More than 900 soil samples were collected during the RP RI, including 6 samples of surface and near 
surface material on the beach near City Outfalls 22B and 22C.  These samples were analyzed for one 
or more of the following constituent classes:  VOCs, SVOCs, metals, herbicides, OCIs, OPIs, 
PCDDs/PCDFs, PCBs (aroclors and congeners), and petroleum hydrocarbons (Table 4-C).  A 
sufficient number of samples were collected at an appropriate distribution (both lateral and vertical) to 
understand the nature and extent of constituents found in soils for the RP RI.  Soil characterization is 
considered complete for the purpose of the RI. 

Soil data quality and quantity are adequate to complete the on-property HHRA and HSE.  A more 
detailed analysis of data completeness for the purpose of risk assessment will be presented in the 
Revised Final HHRA.   

11.2 GROUNDWATER AND HYDROGEOLOGY CHARACTERIZATION 

The groundwater data completeness evaluation analyzed the adequacy of analytical data to describe 
the nature, extent, fate, and transport of constituents in groundwater, as well as the adequacy of the 
hydrogeological data set to develop the hydrogeologic CSM.  The following sections present the data 
completeness evaluation for each data set. 

11.2.1 Groundwater 
More than 1,700 groundwater samples were collected from monitoring wells and more than 300 
additional groundwater samples were collected from temporary borings.  Groundwater samples were 
analyzed for one or more of the following constituent classes:  VOCs, SVOCs, total and dissolved 
metals, herbicides, OCIs, OPIs, PCDDs/PCDFs, PCBs (aroclors and congeners), and petroleum 
hydrocarbons (Table 4-C).  A sufficient number of samples were collected at an appropriate 
distribution (both lateral and vertical) to understand the nature and extent of constituents in 
groundwater.  Groundwater characterization is considered complete for the purpose of the RP RI. 

Groundwater data quality and quantity are generally adequate to complete the HHRA.  Any gaps in 
the data (such as analytical uncertainty or lack of analytical results for a constituent class) will be 
addressed in the uncertainty section of the HHRA.  A more detailed analysis of data completeness for 
the purpose of risk assessment will be presented in the Revised Final HHRA.  
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11.2.2 Hydrogeology 
The hydrogeologic CSM was developed using multiple types of geologic and hydrogeologic data.  The 
data used are summarized below.   

● More than 250 monitoring wells and 150 temporary borings completed at the RP property 
and vicinity (Appendix B; Appendix D-1); 

● More than 100 grain size and 40 Atterburg limit tests (Appendix D-4); 

● Measurement of hydraulic conductivities from pumping and variable head (slug) tests 
conducted at more than 100 monitoring wells (Appendix D-3); 

● Measurement of groundwater and surface water levels between 1986 and 2010 (Appendix 
D-5, D-8, D-9, and D-11); and 

● Bulk rock geochemistry testing of more than 20 samples of CRBG (Appendix D-10). 

Sufficient data were collected to understand the groundwater flow system at the RP property and 
vicinity.  Hydrogeologic characterization is complete for the purpose of the RP RI.  The understanding 
of groundwater flow at the RP property and vicinity is adequate to support the RI/SCE Report 
conclusions regarding nature, extent, fate, and transport of constituents.   

11.3 NAPL CHARACTERIZATION 

Fifteen samples of NAPL were collected and analyzed for one or more of the following constituent 
classes:  VOCs, SVOCs, herbicides, OCIs, OPIs, PCDDs/PCDFs, PCBs, and petroleum 
hydrocarbons (Table 4-C).  Sufficient data were collected to understand the composition, source, 
extent, and stability of NAPL material. 

These data were used to support an evaluation of NAPL composition, extent, and stability (Section 
8.2), in combination with soil and groundwater results.  These data also were used to differentiate 
between NAPL found on RP property and NAPL found in PZ-03-40W near the NDP on Siltronic/BNSF 
property that is related to the presence of MGP waste (MGP NAPL).   

11.4 SURFACE WATER CHARACTERIZATION 

Nearly 30 samples of surface water were collected during the RP RI and provide a sufficient number 
of samples to understand the nature and extent of constituents found in surface water.  Surface water 
characterization is complete for the purpose of the RP RI.      
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11.4.1 Former West Doane Lake 
Eight surface water samples were collected from former WDL and analyzed for one or more of the 
following constituent classes:  VOCs, SVOCs, total metals, herbicides, OCIs, OPIs, and 
PCDDs/PCDFs (Table 4-C).  Sufficient data were collected to understand the extent of these 
constituents in WDL surface water, and the data were used for design of the WDL IRAM.  WDL has 
been eliminated by completion of the WDL IRAM, so further data collection for the RP RI is not 
necessary. 

11.4.2 North Doane Lake 
Thirteen surface water samples were collected from NDL and analyzed for one or more of the 
following constituent classes:  VOCs, SVOCs, total and dissolved metals, herbicides, OCIs, OPIs, 
PCDDs/PCDFs, and petroleum hydrocarbons (Table 4-C).  Sufficient data were collected to 
understand the extent of these constituents in surface water at NDL. 

These data were used to complete human health and ecological risk assessments for NDL (AMEC, 
2004p and 2010o).  It is unknown to what extent non-RP upstream inputs to NDL from Highway 30 
and other upstream discharges contribute to constituents in surface water.  Additional data collection 
is underway to evaluate non-RP upstream constituent sources to NDL. 

11.4.3 Northwest Drainage Pond 
Six surface water samples were collected from NDP and analyzed for one or more of the following 
constituent classes:  VOCs, SVOCs, total and dissolved metals, herbicides, OCIs, PCDDs/PCDFs, 
and petroleum hydrocarbons (Table 4-C).  Sufficient data were collected to understand the extent of 
these constituents in surface water at NDP.  These data were used in the NDL HHRA (AMEC, 2010o) 
to evaluate exposure to surface water in NDP.  

11.5 LAKE SEDIMENT AND PORE WATER CHARACTERIZATION 

Ninety samples of lake sediment were collected and are a sufficient number to understand the nature 
and extent of constituents found in sediment.  Lake sediment characterization is complete for the 
purpose of the RP RI.   

Six pore water samples were collected from NDL and NDP and are a sufficient number for 
characterization of pore water for the purpose of the RP RI.   
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11.5.1 Former West Doane Lake 
Fifty-six sediment samples were collected from former WDL and analyzed for one or more of the 
following constituent classes:  VOCs, SVOCs, metals, herbicides, OCIs, OPIs, PCDDs/PCDFs, PCBs 
(aroclors and congeners), and petroleum hydrocarbons (Table 4-C).  Sufficient data were collected to 
understand the extent of these constituents in WDL sediment, and the data were used for design of 
the WDL IRAM.  WDL has been eliminated by completion of the WDL IRAM, so further data collection 
for the RP RI is not necessary.  

11.5.2 North Doane Lake 
Thirty-one sediment samples were collected from NDL and analyzed for one or more of the following 
constituent classes:  VOCs, SVOCs, metals, herbicides, OCIs, OPIs, PCDDs/PCDFs, PCBs 
(aroclors), and petroleum hydrocarbons (Table 4-C).  Four pore water samples were collected and 
analyzed for VOCs and dissolved metals.  Sufficient data were collected to understand the extent of 
these constituents in sediment and pore water at NDL.   

These data were used to complete human health and ecological risk assessments for NDL (AMEC 
2004p; AMEC, 2010o).  It is unknown to what extent non-RP upstream inputs to NDL from Highway 
30 and other upstream discharges contribute to constituents in sediment.  Additional data collection is 
underway to evaluate non-RP upstream constituent sources to NDL. 

11.5.3 Northwest Drainage Pond 
Three sediment samples were collected at NDP and analyzed for one or more of the following 
constituent classes:  VOCs, SVOCs, metals, herbicides, OCIs, PCDDs/PCDFs, and petroleum 
hydrocarbons (Table 4-C).  Two pore water samples were collected and analyzed for VOCs and 
dissolved metals.  Sufficient data were collected to understand the extent of these constituents in 
sediment and pore water at NDP.  The sediment data were used in the NDL HHRA (AMEC, 2010o) to 
evaluate exposure to sediments in NDP. 

11.6 STORMWATER/NON-STORMWATER CHARACTERIZATION 

One stormwater sample and more than 40 samples of non-stormwater flow were collected from City 
Outfalls 22B and 22C.  These samples are sufficient to understand the nature and extent of 
constituents in stormwater and non-stormwater flow.  Characterization of stormwater and non-
stormwater flow is complete for the purpose of the RP RI. 

Six samples of sediment cleaned out from City Outfall 22B were collected during two cleanout events.  
Characterization of sediment cleaned out of Outfall 22B is complete for the purpose of the RP RI. 
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11.6.1 Stormwater 
One stormwater sample was collected because there is no complete pathway for overland flow of 
stormwater generated at the RP property to City storm sewer systems, nor is there a direct connection 
between the RP property and these systems.  The one sample collected was of stormwater discharge 
at City Outfall 22C in December 2003.  No additional stormwater sampling is necessary because of 
the limited number of detections and low concentrations of detected constituents.  Characterization of 
stormwater flow for the RP RI is complete.   

11.6.2 Non-Stormwater   
City Outfall 22B:  Thirty-seven samples of non-stormwater flow were collected and analyzed for one or 
more of the following constituent classes:  VOCs, SVOCs, metals, herbicides, OCIs, OPIs, 
PCDDs/PCDFs,  and PCBs (aroclors and congeners) (Table 4-C).  These data, in combination with 
observations of flow and infiltration, were used to evaluate the quality of non-stormwater, specifically 
groundwater infiltration, within the City Outfall 22B storm sewer system.  City Outfall 22B is not a 
complete migration pathway for constituents related to the RP property because the Outfall 22B IRAM 
currently in progress will eliminate the infiltration of groundwater and discharge of RP-related 
constituents in infiltrated groundwater at Outfall 22B.  Certain quality control repairs remain to be 
completed.  However, the Outfall 22B IRAM has substantially reduced non-stormwater flow as of 
November  2010.  

City Outfall 22C:  Four samples of non-stormwater flow were collected and analyzed for one or more 
of the following constituent classes:  VOCs, SVOCs, metals, herbicides, OCIs, PCDDs/PCDFs, and 
PCBs (congeners) (Table 4-C).  Sufficient data were collected to understand the extent of these COIs 
in non-stormwater flow.  These data were used in the NDL HHRA (AMEC, 2010o) to evaluate 
exposure to discharge at City Outfall 22C.   

11.6.3 City Outfall 22B Sediment 
Six samples of sediment were collected during two cleanout events.  All six samples were analyzed 
for the following constituent classes:  VOCs, SVOCs, metals, herbicides, OCIs, PCDDs/PCDFs, and 
PCBs (aroclors) (Table 4-C).  Sufficient data were collected to understand the extent of these 
constituents in sediment removed from the City Outfall 22B stormwater conveyance system.  

11.7 BIOTA CHARACTERIZATION 

Biota sampling was conducted at NDL in 2006.  More than 3,200 fish, primarily very small adult 
sunfish that were stunted from overpopulation, were captured during sampling.  Two adult American 
bullfrogs and 13 bullfrog tadpoles were inadvertently captured in fish collection devices and also 
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retained for analysis.  Eighteen composited samples of biota were analyzed for SVOCs, total metals, 
OCIs, PCDDs/PCDFs, and PCBs (congeners) to evaluate the nature and extent of these constituents 
in tissue.  Fish tissue characterization is complete for the purpose of the RP RI based on the amount 
of fish collected from this confined water body.  A sufficient number of tissue samples were collected 
to understand the constituents found in fish and amphibian tissue.  The tissue data were used to 
support the NDL HHRA (AMEC, 2010o). 

12.0 BASELINE HUMAN HEALTH RISK ASSESSMENT 

Baseline HHRAs are in process or have been completed for the RP property and for NDL.  This 
section presents information regarding the status or conclusions for each HHRA. 

12.1 ON-PROPERTY HHRA 

The Final Deterministic Baseline HHRA (Final HHRA) (AMEC, 2006g) was submitted to DEQ in 
March 2006, and is being revised based on discussions and correspondence with DEQ.  The Revised 
Final HHRA for the RP property will be submitted following submittal of the RI/SCE Report. 

Four exposure units are being evaluated:  (1) IA, (2) HA, (3) NPA, and (4) LADD.  The original NPA 
(formerly the Lake Area [LA]) exposure unit evaluated in the Draft and Final HHRA documents 
(AMEC, 2003p; AMEC 2006g) was split into two smaller exposure units based on soil results collected 
during the HDD/LADD investigation in 2004 and the container debris removal activities completed in 
2005 and 2007.  The results suggested that potential risks to receptors at the LADD and container 
debris areas near the head of WDL would differ substantially from other places in the NPA.  Potential 
receptors evaluated include occupational workers, excavation workers, and trespassers.  The media 
evaluated are soil and groundwater.  Complete exposure pathways include dermal contact with, 
ingestion of, and inhalation of particulates or volatilized emissions from soil through either indoor or 
outdoor air, and dermal contact with and inhalation of volatilized emissions from groundwater through 
either indoor or outdoor air. 

Receptor exposure is being quantitatively evaluated using the applicable soil or groundwater data set 
for each receptor and complete exposure pathway combination.  Three soil data sets are used:  soil 
analytical results from:  (1) 0-6 inches bgs, (2) 0-5 feet bgs, and (3) 0-15 feet bgs.  These soil data 
sets are the same used in the Draft and Final HHRA, but have been updated with soil results collected 
since the Draft and Final HHRA data set was established in 2001.  Two groundwater data sets are 
used:  groundwater analytical results from monitoring wells categorized as (1) First Screen (screened 
intervals that start at 30 feet bgs or less) and (2) Alluvial-Colluvial Gravel and the uppermost portions 
of the CRBG (screened intervals in the water bearing zone that may be used for industrial purposes).  
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These groundwater data sets differ from those used in the Draft and Final HHRA, and were changed 
at DEQ’s request to evaluate focused exposures (such as excavation worker exposure to 
groundwater in a trench), and to use new groundwater data generated since the Draft and Final 
HHRA data set was established in 2001. 

COIs detected in soil from 0 to 15 feet bgs and in groundwater from the two water-bearing zones 
described above are considered in the Revised Final HHRA.  COPCs selected from the COI list for 
each exposure unit include one or more constituents from the following chemical classes: VOCs, 
SVOCs, herbicides, OCIs, PCDDs/PCDFs, PCBs, petroleum hydrocarbons, and metals. 

Conclusions from the Final HHRA (AMEC, 2006g) indicate there is potential for unacceptable risk for 
both cancer and noncancer endpoints.  In the HA, COPCs from the following constituent classes 
exceeded a hazard quotient of 1 or the acceptable risk level of 1E-06:  VOCs, SVOCs, OCIs, 
PCDDs/PCDFs, PCBs, and metals.  Unacceptable risk in the HA is estimated for dermal contact with 
and ingestion of soil, dermal contact with groundwater, inhalation of outdoor air, and for inhalation of 
volatiles generated during industrial use of groundwater.  In the IA, COPCs from the following 
constituent classes exceeded a hazard quotient of 1 or the acceptable risk level of 1E-06:  OCIs, 
PCDDs/PCDFs, and metals.  Unacceptable risk in the IA is estimated for dermal contact with and 
ingestion of soil and inhalation of outdoor air.  In the NPA (formerly LA), COPCs from the following 
constituent classes exceeded a hazard quotient of 1 or the acceptable risk level of 1E-06:  OCIs, 
VOCs, SVOCs, PCDDs/PCDFs, PCBs, and metals.  Unacceptable risk in the NPA (formerly LA) is 
estimated for dermal contact with and ingestion of soil, dermal contact with groundwater, inhalation of 
outdoor air, and inhalation of volatiles generated during industrial use of groundwater.  

Conclusions from the Final HHRA are subject to change in the Revised Final HHRA because of 
changes in the exposure units and the data sets used in the evaluation.  The Revised Final HHRA is 
expected to report approximately the same range of potential unacceptable risk for each exposure 
unit and from similar compounds as identified in the Final HHRA. 

12.2 OFF-PROPERTY HHRA 

The potential risk posed to off-property human receptors by exposure to RP constituents will be 
assessed in an off-property HHRA to be submitted to DEQ following DEQ approval of the Revised 
Final HHRA.   

Three preliminary off-property exposure units (PEUs) were proposed for DEQ consideration in a letter 
dated November 9, 2009 (AMEC, 2009qq).  The proposed PEUs were based on the potential areal 
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extent of RP COIs in soil and groundwater and property boundaries at the time of the letter.  The PEU 
boundaries are subject to change pending further development of the risk CSM that considers 
exposure routes, receptors, contributions by third parties, and updates to the hydrogeological CSM as 
presented in this RI/SCE Report.   

12.3 NDL HHRA 

A Final Baseline HHRA for NDL (Final NDL HHRA) was completed and submitted to DEQ on July 8, 
2010 (AMEC, 2010o).  The Final NDL HHRA includes a quantitative evaluation of risk posed to 
resident trespassers at three exposure units:  (1) NDL, (2) NDP, and (3) Outfall 22C.  The quantitative 
evaluation was limited to resident trespassers, as this group includes individuals who might 
theoretically reside at NDL or in the area for a portion of the year for up to 2 years.  The 
methodologies employed for the NDL HHRA are described in the DEQ-approved Draft NDL Baseline 
HHRA Work Plan (AMEC, 2006i).   

12.3.1 NDL Exposure Unit 
Media evaluated for the NDL exposure unit included sediment (samples collected between 0 and 1 
foot below the top of the sediment), surface water, and fish tissue (whole body samples of brown 
bullhead and carp).  Potentially complete exposure pathways included dermal contact with, and 
ingestion of, sediment and surface water, as well as consumption of fish tissue. 

Both noncancer and cancer risks to resident trespassers are potentially unacceptable for fish 
consumption, assuming a diet of 100% brown bullhead or 100% carp.  The constituents contributing 
most to potential noncancer risk are total PCBs and 2,3,7,8-TCDD.  The constituents contributing 
most to potential cancer risk are 2,3,7,8-TCDD and PCB 126.  Potential noncancer risks for fish 
consumption exceed the hazard index of 1 and range from 2 to 11.  Potential cancer risks for fish 
consumption exceed 1E-06 and range from 3E-06 to 5E-05. 

Other pathways with potential for unacceptable cancer risk include exposure by ingestion of sediment 
or by ingestion of surface water.  Arsenic contributes the majority of the potential cancer risk for these 
pathways.  Potential unacceptable cancer risk from these pathways ranges from 2E-06 to 7E-06.  
There is no potential unacceptable noncancer risk from exposure by ingestion of sediment or surface 
water pathways. 
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12.3.2 NDP Exposure Unit 
Media evaluated for the NDP exposure unit included sediment and surface water collected in 2002 
and 2003.  Complete exposure pathways included dermal contact with, and ingestion of, both 
sediment and surface water. 

Cancer risk to resident trespassers is unacceptable only when exposure occurs by all complete 
pathways simultaneously under the most conservative assumptions used in the risk assessment.  
Constituents contributing to this risk include multiple PAHs (benzo(a)anthracene, benzo(a)pyrene, and 
indeno(1,2,3 cd)pyrene) and total dioxin TEQ (OCDD and HpCDD).  Note that the PAHs are 
consistent with MGP-related constituents from Gasco, and that specific dioxin congeners contributing 
quantitatively to unacceptable risk at NDP are consistent with a pentachlorophenol-derived dioxin 
source.  These PAHs and dioxin congeners are not from an RP source.  Unacceptable cumulative 
cancer risk is 2E-06. 

There is no potential unacceptable noncancer risk estimated for the NDP exposure unit. 

12.3.3 City Outfall 22C Exposure Unit 
Media evaluated for the Outfall 22C exposure unit included samples collected of discharge at the 
terminus of Outfall 22C at the River in 2002, 2003, and 2004.  There is no potential unacceptable 
noncancer or cancer risk estimated for the Outfall 22C exposure unit. 

13.0 BASELINE ECOLOGICAL RISK ASSESSMENT 

A baseline ERA has been completed for the RP property.  A baseline ERA is in process for NDL.  No 
other ERA work is anticipated at this time.  The sections below present pertinent information for each 
ERA. 

13.1 TERRESTRIAL ERA 

The Level I Scoping ERA was completed for the RP property in 1998 and is presented in the RI Work 
Plan (E&E, 1999).  Two site visits were conducted in 1998 by DEQ.  The NPA was the only portion of 
the property that contained terrestrial wildlife habitat.  Because of the area’s small size and marginal 
habitat quality, DEQ concluded that “there were not likely to be significant terrestrial ecological risks 
on a population level and a Level II ERA was not warranted.”  It was added, “If no threatened or 
endangered species are found to occur on the terrestrial portion of the site locality, then the Level I 
terrestrial ecological risk assessment will be complete.”   
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The elements that comprise a Level I Scoping ERA for NDL were completed as part of the NDL Level 
II Aquatic Ecological Risk Assessment (Level II AERA), including a review of the potential presence of 
threatened and endangered terrestrial species in the area.  No threatened or endangered terrestrial 
species were found during the completion of the Level II ERA for NDL, nor are likely to be present at 
NDL or the RP property.  Therefore, the Level I Terrestrial ERA for the RP property and vicinity, 
including the area around NDL, is considered complete in accordance with the RI Work Plan. 

13.2 AQUATIC ERA 

DEQ concluded in the RI Work Plan (E&E, 1999) that a Level II ERA was warranted for the aquatic 
ecosystem in the NDL area.  This conclusion was made without the completion of a corresponding 
Level I ERA for these habitats.  The sections that follow summarize the work completed, and the work 
in progress to complete the evaluation. 

13.2.1 Level II AERA 
The NDL Level II AERA was completed and submitted to DEQ in August 2004 (AMEC, 2004p).  The 
Level II AERA presented a compilation of information on impacted media at NDL, COIs, and 
ecological receptors that may be present.  The Level II AERA also identified the constituents of 
potential ecological concern (CPECs), identified complete exposure pathways likely to contribute to 
ecological risk at NDL, identified known ecological effects associated with the CPECs, developed 
preliminary candidate assessment endpoints for the ERA process, and integrated this information into 
a preliminary CSM.   

As defined in DEQ Guidance (DEQ, 2001b), information developed in the Level II AERA will ultimately 
be used to support one of three Technical/Management Decision Points (TMDPs) at NDL: 

● No further ecological investigations at NDL;  

● Advanced ecological risk evaluation; or 

● Response action.  

CPECs identified in surface water, pore water, and sediment at NDL include: OCIs, PCDDs/PCDFs, 
PAHs, VOCs, and metals (AMEC, 2004p).  OCIs, PAHs, total TEQ for PCDDs/PCDFs, and metals in 
sediment exceed conservative screening values for potential toxicity to benthic macroinvertebrates 
and for potential risk to higher trophic-level receptors through bioaccumulation.  Metals and VOCs 
exceed conservative screening values in pore water, but only metals exceed conservative screening 
values in surface water.  This indicates that although certain CPECs were identified in pore water at 
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concentrations that exceed conservative screening values, they do not appear to be reaching surface 
water at concentrations of concern to freshwater biota, or to upper trophic-level species. 

13.2.2 Level II AERA Update 
The Level II AERA described above was prepared in accordance with the DEQ Guidance for 
Ecological Risk Assessment - Level II Screening (as updated December 2001) using investigation 
data for surface water, sediment pore water, and sediment from NDL.  It was understood at that time 
that the CPECs identified in the Level II AERA would be carried through to the subsequent Level III 
and Level IV ERAs.     

However, in the 6 years since the completion of the Level II AERA, two events have occurred that 
affect the results of the Level II AERA and the planned sequential flow of the ERA process at NDL.  
First was the collection and analysis of fish tissue from NDL in 2006.  These 2006 results provided 
additional data normally collected as part of a Level IV ERA.  The second was the publication of 
DEQ’s Guidance for Assessing Bioaccumulative Chemicals of Concern in Sediment (dated April 3, 
2007), which revises the SLVs and evaluation methods for designated bioaccumulative chemicals.  As 
directed by DEQ in its February 5, 2010 letter (DEQ, 2010p), both the new fish tissue data and the 
new requirements of the bioaccumulation guidance will be incorporated into the revised ERA.  The 
results of the updated AERA work for NDL will be presented to DEQ following submittal of this RI/SCE 
Report. 

14.0 HOT SPOT EVALUATION 

The hot spot evaluation (HSE) will be prepared following completion and receipt of DEQ’s approval of 
the Revised Final HHRA for the RP property to allow the results of the Revised Final HHRA to be 
used in the HSE.   

15.0 POTENTIAL PATHWAYS TO THE RIVER FOR SOURCE CONTROL 
EVALUATION 

This section includes a description of each potential current or potential future constituent migration 
pathway to the River from the RP property, as identified by DEQ in its September 2010 Milestone 
Report for the Upland Source Control at the Portland Harbor Superfund Site (JSCS Milestone Report; 
DEQ, 2010n) and its July 22, 2008, comment letter on the Draft SCE Report.  Potential constituent 
migration pathways as identified by DEQ include the following:  

● Over-water Activities, 
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● Overland Transport/Sheet Flow,  

● NPDES, 

● Stormwater, 

● Groundwater, 

● City Outfall 22B, 

● City Outfall 22C,  

● HDD, and 

● Bank Erosion. 

Potential constituent migration pathways can be incomplete, complete, or potentially complete.  
StarLink and DEQ agreed to the classification of pathways at a meeting held on September 30, 2008.  
Pathways considered incomplete or complete are discussed in subsections 15.1 and 15.3.  Potentially 
complete pathways are described in subsection 15.2 and are evaluated through the SCE screening 
process in Section 16 of this report.  Incomplete pathways and complete pathways with source control 
in place are not carried forward for further evaluation in the SCE portions of this report.   

The identification of a potentially complete pathway does not imply an unacceptable level of risk to 
human health and the environment; therefore, a potentially complete pathway may not be considered 
for source control, as discussed further in Section 16. 

15.1 INCOMPLETE PATHWAYS 

The pathways identified in the subsections below were eliminated from further consideration based on 
a lack of connection between an RP source area and the River, or because the pathway complies 
with local and federal water pollution laws.   

15.1.1 Overwater Activities 
The overwater activities pathway is not applicable to the RP property.  The former plant area is 
located approximately 2,000 feet from the River; hence there are no overwater activities.  Table 1 of 
the DEQ JSCS Milestone Report (DEQ, 2010n) confirms that the overwater activities pathway is not 
an applicable pathway for the RP property. 



 

AMEC Earth & Environmental, Inc. 
516 Project No.:  0-61M-107030/Phase 0104/T6 
 K:\10000\10700\10703\0100 RI-FS-ROD\0104 RI Report\Draft RI\RI-SCE Report.Docx 

15.1.2 Overland Transport/Sheet Flow 
Overland transport (sheet flow) does not occur from the RP property as discussed in Section 7.2.5.2.  
Table 1 of the DEQ JSCS Milestone Report (DEQ, 2010n) confirms that the overland transport (sheet 
flow) pathway is not an applicable pathway for the RP property. 

15.1.3 NPDES 
RP property stormwater and extracted groundwater are collected and treated in an on-property WTP 
that employs biological treatment of groundwater, followed by activated carbon adsorption of the 
combined groundwater and stormwater, prior to discharge under DEQ-issued NPDES Industrial 
Discharge Permit No. 101180.  Discharge under this permit is in compliance with applicable Federal 
Clean Water Act and Oregon water pollution control laws and is not causing pollution; therefore, it is 
exempted under CERCLA Section 107 (i) and Oregon Revised Statute (ORS) 465.405(2).  The 
discharge of treated water to the River in compliance with the NPDES-permit is not a complete 
constituent migration pathway and does not require any further consideration. 

Table 1 of the DEQ JSCS Milestone Report (DEQ, 2010n) should be modified to indicate that 
NPDES-permitted discharge is not a complete migration pathway from the RP property to the River. 

15.2 POTENTIALLY COMPLETE PATHWAYS 

The pathways identified below have the potential for constituent transport to the River, and are 
described in Section 7. 

15.2.1 Groundwater 
Groundwater is a potential constituent migration pathway for the RP property (DEQ, 2008a) based on 
the limited detections of potentially RP-related constituents in monitoring wells installed adjacent to 
the River.  This groundwater migration pathway is described in the CSM in Section 6 and in Section 
7.1, and SCE screening results are presented in Sections 16.2 through 16.6. 

15.2.2 City Outfall 22C 
City Outfall 22C is a potential constituent migration pathway for the RP property (DEQ, 2008a) based 
on the detection of a few potentially RP-related constituents in outfall discharge samples.  This 
pathway is described in Section 7.2.5.5., and SCE screening results for City Outfall 22C non-
stormwater and stormwater pathways are presented in Sections 16.7 and 16.8, respectively.   
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15.2.3 HDD 
The HDD is not a potential current constituent migration pathway for surface flow to the River.  No 
flow or standing water has ever been observed in the HDD or the culvert under N.W. Front Avenue 
that emerges at the Riverbank.  The HDD is unpaved and precipitation in this area infiltrates or 
evaporates rather than flowing overland to the River.  DEQ believes the HDD represents a potential 
future constituent migration pathway (DEQ, 2008a; 2010n) because of a potential for HDD surface soil 
to be mobilized during a severe storm event or flood.  This pathway is considered potentially complete 
for SCE purposes and SCE screening results are presented in Section 16.9.   

15.2.4 Bank Erosion 
The RP property is not adjacent to the River; however, bank erosion is included as a potential 
constituent migration pathway by DEQ because of the potential for bank erosion where RP-related 
constituents may be present in soil below the discharge point of City Outfall 22B, City Outfall 22C, and 
the HDD (see Section 7.2; DEQ, 2008a).  This pathway is considered potentially complete for SCE 
purposes, and SCE screening results are presented in Section 16.10.   

15.3 COMPLETE PATHWAYS 

The two pathways identified below are described in Section 7.  The pathways are considered 
complete and have source controls in place; therefore, there is no current transport of RP-related 
constituents to the River via these pathways. 

15.3.1 On-Property Stormwater  
There is no overland stormwater pathway from the RP property to the River, as described in Section 
7.2.5.2.  On-property stormwater from impervious areas of the RP property is collected and treated by 
the on-property WTP.  On-property stormwater from pervious areas either infiltrates, evaporates, or is 
collected through perforated piping (i.e., seepage collection lines) and routed to the WTP.  Despite the 
lack of a physical connection with the River, DEQ considers RP on-property stormwater to be a 
complete pathway to the River.  DEQ considers the WTP a source control measure for on-property 
stormwater.  Table 1 of the DEQ JSCS Milestone Report (DEQ, 2010n) should be revised to indicate 
that source control for stormwater at the RP property is accomplished by the WTP.   

15.3.2 City Outfall 22B 
The City storm sewer associated with City Outfall 22B (City Outfall 22B Storm Sewer) is located 
beneath N.W. Front Avenue between N.W. 61st Street and City Outfall 22B at the River, as described 
in Section 7.2.5.4 (Figure 7-A).  The historical detection of potentially RP-related constituents in the 
outfall discharge, and the potential for RP-related constituents to enter through shallow groundwater, 
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suggest a complete migration pathway to the storm sewer.  DEQ considers City Outfall 22B to be a 
complete migration pathway from the RP property to the River (DEQ, 2010n).   

An IRAM that removed historically deposited sediments from the City Outfall 22B storm sewer system 
and substantially lined the system to prevent groundwater infiltration is described in Section 5.  City 
Outfall 22B currently is not a complete migration pathway for constituents related to the RP property.  
Table 1 of the DEQ JSCS Milestone Report (DEQ, 2010n) should be revised to indicate that source 
control for RP-related constituents in City Outfall 22B discharge is complete and, therefore, Outfall 
22B discharge no longer represents a complete migration pathway from RP property to the River. 

16.0 JSCS PATHWAY SCREENING FOR SOURCE CONTROL EVALUATION 

The JSCS pathway screening evaluation is a conservative process designed by DEQ and EPA to 
identify constituents and potential constituent migration pathways that may require source control to 
protect the River.  At the direction of DEQ, this screening evaluation was completed regardless of 
source.  However, for pathways considered for source control measures, constituent sources will be 
evaluated by DEQ to determine what responsible party or parties will perform a SCAA for a particular 
COI or groups of COIs.   

Potential COIs are evaluated, following the JSCS guidelines, to develop a list of COPCs for each 
complete constituent migration pathway.  The significance of the identified COIs are assessed by 
assigning a priority (low, medium, or high) to the need for potential source control measures based on 
a number of criteria identified in the JSCS Document (DEQ/EPA, 2005).  COPCs that originate solely 
from sources other than the RP property are identified and StarLink would have no source control 
responsibility for these COPCs.  An evaluation to identify the party responsible for COPCs, and 
therefore for the SCAA for each pathway, is based on many criteria such as the source location, 
number of COPCs from a source, concentrations, and risk and COPC fate and transport 
characteristics.  Potential COIs are considered COPCs for RP if they meet the following criteria:  1) 
were detected in RP source areas, 2) were continuously present between RP source areas and the 
Riverbank, and 3) either exceeded or have the potential to exceed its SLV at the Riverbank 

Development of the JSCS pathway screening evaluation process for the RP property and vicinity was 
based on multiple meetings and correspondence between StarLink and DEQ from 2008 through early 
2010.  Discussions focused on the screening process for groundwater as an example for screening 
other pathways.  DEQ concurred with the JSCS pathway screening evaluation process for the 
groundwater pathway in a letter dated June 3, 2010 (DEQ, 2010m).  The JSCS screening evaluation 
process flowchart for groundwater is presented in Figure 16-A.   
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The groundwater pathway screening process was used to develop the screening process for the 
remaining potentially complete pathways: HDD, Bank Erosion, and City Outfall 22C.  Other potential 
pathways (overwater activities, overland transport/sheet flow, and NPDES) were evaluated and are 
not complete pathways, as discussed in Section 15, and thus are not part of the screening process.  
Completed screening and evaluation tables for each of the potentially complete pathways are 
included as Tables J-4 through J-14 in Appendix J. 

16.1 JSCS SCREENING PROCESS 

The screening evaluation progresses through a series of five steps (Figure 16-A), which are:  

1.  COI Identification; 

2.  Tier 1 JSCS SLV Comparison; 

3.  Tier 2 Source and Pathway Identification; 

4.  Pathway Priority Evaluation; and 

5.  Tier 3 Weight of Evidence (WOE) Evaluation. 

Constituents for each potentially complete pathway are eliminated for further consideration at various 
steps in the screening process.  Completion of these steps for each pathway results in a list of 
constituents, regardless of source, that are not “screened out” in the initial process.  These COPCs 
and pathways are retained for evaluation in an SCAA by the party or parties considered most 
responsible for control of the pathway.   

The five screening process steps are described below.   

16.1.1 Potential COI Identification 
The first step in the screening process (Figure 16-A) identifies constituents detected in each medium 
related to a potentially complete pathway.  Detected constituents with sufficient data quality are 
retained as potential COIs for that pathway.  Constituents identified as potential COIs are retained for 
the second step: Tier 1 JSCS SLV Comparison.   

COIs were identified in soil, sediment, surface water, stormwater, non-stormwater flow and 
groundwater samples on the RP property and Arkema, Siltronic, ESCO, BNSF, NL/Gould, Schnitzer, 
Metro, City, and Kinder Morgan/Willbridge sites.  Sample locations are presented on Figures 16-B 
through 16-F.  The list of analytes directed by DEQ to be evaluated in this SCE contains more 
analytes than necessary to represent constituent concentrations for the specific migration pathways 
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as required in the JSCS, and is substantially larger than the list of COIs evaluated in other party’s 
SCEs.  Other party’s SCEs are not believed to contain the same analyte list and SLVs and, therefore, 
the COIs contained in this analysis are the most complete for the multiple sources in the area.  

A summary of the datasets considered for the identification of potential COIs is provided below.   

1.  Potential Groundwater Transport:  Analytical data for groundwater samples collected by 
StarLink from 1982 through January 8, 2010. 

2.  Potential Discharge through City Outfall 22C:  Analytical data collected by StarLink from 
1982 through January 8, 2010, from stormwater and non-stormwater City Outfall 22C 
samples, NDL and NDP surface water and sediment samples, and NDP seep samples.  
This dataset also included a subset of stormwater and non-stormwater analytical data 
reported by Gasco in its City Outfall 22C Drainage Sampling Activities Report dated June 
2, 2006 (HAI, 2006).  

3.  HDD:  Analytical data collected by StarLink for surface soil samples in and immediately 
surrounding the HDD. 

4.  Beach Erosion:  Analytical data collected by StarLink for surface sediment samples 
collected on the beach of the BNSF and Arkema Tract A properties near the discharge of 
City Outfalls 22B and 22C and near the HDD. 

Datasets were limited to data with adequate quality.  Data quality issues identified are described in 
Section 8.  The datasets are discussed in the report sections presenting the screening results for each 
potentially complete pathway (Sections 16.2 to 16.10). 

16.1.2 Tier 1 JSCS SLV Comparison 
The second step in the screening process compares each potential COI to the most conservative 
JSCS SLV, or other SLV as directed by DEQ, for each medium.  Some SLVs are more conservative 
than SLVs allowed to be used by other parties in their SCEs.  Potential COIs detected at 
concentrations exceeding their respective SLVs are retained for the third screening step (Tier 2 
Source and Pathway Identification). 

The SLV for each potential COI was selected by reviewing multiple sources of SLVs, as directed by 
DEQ.  In most cases, the selected SLV represents the most conservative value from these sources.  
The sources consisted of the following:     

1.  The values presented by DEQ in Attachment 1 of its July 1, 2009 letter (7/1/2009 DEQ 
“Other” Value) (DEQ, 2009b); 
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2.  Toxicity Reference Values (TRVs) from the April 11, 2008, EPA Toxicity Reference 
Values for Portland Harbor Baseline Ecological Risk Assessment (4/11/2008 EPA 
Portland Harbor TRV) (EPA, 2008b); 

3.  The most conservative JSCS SLVs from the July 16, 2007, update to Table 3-1 of the 
JSCS Document (DEQ/EPA, 2005; Most Conservative JSCS Value); 

4.  The most conservative SLV from the December 2001 update to the DEQ Guidance for 
Ecological Risk Assessment (DEQ, 2001b; DEQ Level II ERA SLV);  

5.  The EPA Tap Water Preliminary Remediation Goals (PRGs) from the May 2010 update 
to the Regional Screening Levels (RSL) for Chemical Contaminants at Superfund Sites 
(EPA, 2010b; EPA Consolidated RSL); 

6.  The values stipulated in the DEQ Comment Letter dated February 5, 2010 (DEQ, 2010j); 

7.  DEQ Sediment Bioaccumulation SLVs, Table A-1 (DEQ, 2007); 

8.  SLVs based on calculated equilibrium partitioning sediment benchmarks (ESBs) for 
which no soil or sediment SLV exists, using the method presented in the April 11, 2008, 
EPA Toxicity Reference Values for Portland Harbor Baseline Ecological Risk 
Assessment (4/11/2008 EPA Portland Harbor TRV) (EPA, 2008b); and  

9.  Values presented in a Memorandum of Understanding between DEQ and StarLink dated 
May 21, 2010 (AMEC, 2010n; DEQ, 2010l). 

The DEQ-directed SLVs for each potential COI are presented in Table J-1 (Groundwater/Surface 
Water) and Table J-2 (Soil/Sediment) in Appendix J.  DEQ-directed surrogates for potential COIs 
without SLVs are identified on each table.  DEQ also directed that certain groups of COIs be 
evaluated using a “totalized” value.  These “totalized” values are presented in each of the tables.  
These SLVs were approved for use in the SCE by DEQ on May 26, 2010 (DEQ, 2010l). 

Tier 1 screening SLVs are used only for identifying COPCs for potential further evaluation (DEQ/EPA, 
2005).  The SLVs are not appropriate as cleanup levels or as triggers for source control, nor are they 
applicable for evaluation of the need for remedial action because of the multiple conservative 
assumptions used to derive the SLVs.  They were derived using assumptions not applicable to 
conditions at the RP property and vicinity, and the application of some SLVs is not appropriate for all 
pathways.  Oregon law requires a risk-based evaluation to establish cleanup goals.  The risk-based 
evaluation will consider remedial action objectives, points of compliance, and development of cleanup 
levels for the COPC and pathway.  

For example, the use of the Canadian Water Quality Guideline (WQG) ecological screening value of 
0.004 mg/L for 2,4-D, 2,4,5-T, 2,4-DB, and dichlorprop is based on 2,4-D butoxyethyl ester instead of 
2,4-D acid (CCME, 2007).  As indicated in the 2005 EPA Reregistration Eligibility Decision for 2,4-D, 
2,4-D amine salts and esters degrade rapidly to 2,4 D acid and are not persistent in the environment 
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(EPA, 2005a).  As a result, 2,4-D acid should be considered the environmentally relevant species.  
EPA considers 2,4-D formulations other than the esters (i.e., the acid and amine forms) to be 
practically nontoxic to freshwater or marine fish, and slightly toxic to practically nontoxic to freshwater 
invertebrates (EPA, 2005a).  Therefore, any screening value based on the 2,4-D ester formulation, 
such as the Canadian WQGs for 2,4-D, 2,4,5-T, 2,4-DB, and dichlorprop, is not applicable to the 
environmentally relevant species of 2,4-D.   

Also, the use of the Oak Ridge National Laboratory (ORNL) secondary chronic values (SCVs) from 
Table 3-1 of the JSCS Document as screening values for several COIs that are also listed in the 
recently published narcosis SCVs from Table 3-1 of the EPA Procedures for the Derivation of 
Equilibrium Partitioning Sediment Benchmarks for the Protection of Benthic Organisms (EPA, 2008a) 
is inappropriate.  The 2008 EPA document provides updated SCVs for several COIs that affect 
organisms by narcosis.  The EPA narcosis-based SCVs for these compounds represent the most 
recent ecological screening values sanctioned by EPA and are consistent with historical ambient 
water quality criteria (AWQC) previously derived by EPA, despite being based on a complete re-
evaluation of existing study data.  In particular, the DEQ-directed use of the ORNL SCVs for 1,2-
dichlorobenzene (0.014 mg/L) and toluene (0.0098 mg/L) in JSCS Table 3-1 is an inappropriate SLV 
for use in the Tier 1 screening . 

16.1.3 Tier 2 Source and Pathway Identification 
The third step in the screening evaluation process is the Tier 2 source and pathway identification, 
where each potential COI is subjected to a series of four questions to determine if the COI has a 
complete migration pathway to the River.  These questions are presented below.  In general, if the 
answer to the question is “Yes”, the COI moves forward to the next question in the Tier 2 screening 
step.  If the answer is “No”, the COI is generally not carried forward in the screening process.  
Deviations from the groundwater screening process for other pathways are discussed in Section 
16.1.3.3. 

This section also evaluates third party sources for the COIs.  DEQ agreed to take this third party 
source evaluation into consideration in determining the party responsible for performing the SCAA for 
particular COIs or groups of COIs and pathways (DEQ, 2010m).   

16.1.3.1 Pathway Identification 

The first question in the pathway identification involves determining whether the potential COIs are 
detected at the HA, IA, and LADD.  These areas are designated as RP source areas because they 
are areas directly influenced by the former manufacturing/formulation operations.  These RP source 
areas may also be impacted by other third party sources, for example, stormwater run-on 
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constituents.  Other areas within the RP property are considered multi-party source areas because 
they were used or impacted by third party activities as well as RP activities.  DEQ directed that five 
additional COIs be evaluated in the SCE because they were detected in the multi-party former Doane 
Lake area that is partially within the northwest area of the RP property, but not in RP source areas.   

Potential COIs are compared to the on-property HHRA 0 to 15 feet bgs soil data sets for the HA, IA, 
and LADD exposure units (AMEC, 2010d) to determine if the potential COI comes from an RP source 
area.  COIs that are detected in the multi-source former Doane Lake NPA and not in the HA, IA, and 
LADD exposure units are carried through this screening step regardless if the COI is attributed to RP.  
Other potential third party contributors impacting the multi-source former Doane Lake portion of the 
NPA either do not have an SCE or are not screening the former Doane Lake NPA as part of their 
SCE. 

The second question considers whether the COI is detected at the Riverbank.  The closest monitoring 
or sampling point to the River is used to evaluate this question.  This question also considers whether 
the COI is detected along portions or all of the Riverbank.  The Riverbank was organized into five 
informal regions along the River.  These regions have been established based on the geologic, 
hydrogeologic, and chemical conditions in each region.  These regions are identified on Figure 16-B 
and are based on the following: 

● Region 1 consists of the area bounding Arkema Lot 2. 

● Region 2 extends from the Arkema Lot 1/Lot 2 boundary to the centerline of the railroad 
bridge.   

● Region 3 includes that portion between the centerline of the railroad bridge and Fault A 
(Figure 6-U). 

● Region 4 encompasses the portion north of Fault A within the buried bedrock basin where 
groundwater in the Troutdale Formation contains 1,2 dichlorobenzene at or near 0.130 
mg/L, and extends to the Siltronic/Gasco property boundary.     

● Region 5 consists of the area bounding the Gasco property.  

The third question is whether the COI is continuously present between an RP source area and the 
Riverbank.  Potential COIs are screened to determine whether they are present in specific 
environmental media from RP source areas to the Riverbank based on the CSM (Section 6) and 
description of each pathway being evaluated (Sections 7 and 15). 

The last question is whether the COI exceeds its SLV at the Riverbank.  The potential COIs in each 
data set are screened using the data from the monitoring or sampling point closest to the River. 
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Those COIs that are detected at the Riverbank and are continuously present between the Riverbank 
and the RP source areas are considered to have complete pathways.  COIs not detected at the RP 
source area and the Riverbank do not have a current complete pathway.   

COIs detected at an RP source area and not detected at the Riverbank are subsequently evaluated to 
determine if they might reach the Riverbank in the future.  For the groundwater pathway, COIs are 
determined to have the potential for a future exceedance if they are detected above the SLV in the 
nearest wells directly upgradient from the Riverbank and are mobile.  COIs were assessed for 
continuous presence using both 3 dimensional and 2-dimensional distribution figures. 

COIs with complete pathways and that exceed SLVs at the Riverbank were retained for a fourth 
screening step:  Pathway Priority Evaluation.  This step is described in Section 16.1.4.  COIs that 
have a potential for a future exceedance at the River are evaluated on a case-by-case basis to 
determine the COI’s priority.  

16.1.3.2 Third Party Source Evaluation 

The majority of the COIs with complete pathways to the River are from non-RP sources.  Sources 
other than, or in addition to, RP were identified as part of Tier 2.  This evaluation includes a summary 
of third party sources impacting or potentially impacting the River by the pathway.  There is no third 
party source evaluation completed for COIs that are solely RP COIs.  

16.1.3.3 Variations from Groundwater Screening Process 

Deviations from the Tier 2 screening process for non-groundwater pathways are described below. 

● HDD Pathway – This pathway does not include any Riverbank samples because the HDD 
ends at a pipe above the Riverbank.  HDD COIs that exceed their respective SLVs are 
carried through the Tier 2 Source and Pathway Identification for a Pathway Priority 
Evaluation. 

● Bank Erosion Pathway – This pathway consists entirely of Riverbank samples.  Bank 
Erosion COIs that exceed the SLV are carried through the Tier 2 Source and Pathway 
Identification for a Pathway Priority Evaluation. 

● City Outfall 22C Non-Stormwater Pathway – COIs were assumed to be continuously 
present between the RP source area and the outfall if they were detected at least one time 
in each of the following datasets:  RP source area soil, NDL surface water, NDP surface 
water, and non-stormwater outfall at City Outfall 22C.     

● City Outfall 22C Stormwater Pathway – Screening assumes City Outfall 22C stormwater 
has a complete pathway from a RP source area to the Riverbank even though there is no 
evidence that COIs are continuously present between RP source areas and City Outfall 
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22C.  COIs that exceed the SLV in Outfall 22C stormwater samples or NDL sediment 
samples are considered to have the potential for a future exceedance because an 
exceedance in these media suggest a potential for COIs to be entrained in stormwater.  

● City Outfall 22C Stormwater-Sediment Pathway – Stormwater outfall samples were used to 
evaluate COI presence and SLV exceedance at the outfall.  There is no evidence that 
COIs are continuously present between RP source areas and City Outfall 22C.  DEQ has 
directed that this screening be performed as though COIs were continuously present 
between the RP source area and the outfall if they were detected at least one time in each 
of the following datasets:  LADD soil, NDL sediment, NDP sediment, and Outfall 22C 
stormwater.  COIs that exceed the SLV in the stormwater-sediment pathway dataset are 
considered to have the potential for a future exceedance of stormwater sediment.  

16.1.4 Pathway Priority Evaluation 
The fourth step in the screening process assigns a priority of low, medium, or high to each COI.  The 
determination of priority for each COI/pathway is based on guidelines provided in the JSCS Document 
(DEQ/EPA, 2005) and multiple discussions with DEQ.  Priority was determined using the following 
criteria:  

● Low Priority – COIs that are detected in the data set but that do not exceed their respective 
SLV are assigned a low priority and are eliminated in Tier 1.  COIs may also be given low 
priority if they screened out in any Tier 2 screening step.  Those COIs that likely pose a low 
threat to the River (e.g., concentrations are near or below SLVs) are also assigned a low 
priority based on an evaluation of the factors listed in Section 4.4 of the JSCS Document 
(DEQ/EPA, 2005).  

● Medium Priority – COIs have a complete migration pathway and may pose a significant 
and/or imminent threat to the River based on evaluation of the factors in Section 4.4 of the 
JSCS Document (DEQ/EPA, 2005).   

● High Priority - COIs have a complete migration pathway to the River and pose a significant 
and/or imminent threat to the River based on evaluation of the factors in Section 4.4 of the 
JSCS Document (DEQ/EPA, 2005).  Significant levels are those detected at the Riverbank 
at levels greater than 1,000 times the SLV, and that meet the additional criteria listed 
below. 

16.1.4.1 Low-Priority Criteria 

The following criteria were considered for determining low priority COIs and pathways for COIs 
retained during the Tier 1 and Tier 2 screening steps: 

1.  COI is near or below a factor of 10x the SLV at the point of discharge to the River (or 
closest monitoring point).  



 

AMEC Earth & Environmental, Inc. 
526 Project No.:  0-61M-107030/Phase 0104/T6 
 K:\10000\10700\10703\0100 RI-FS-ROD\0104 RI Report\Draft RI\RI-SCE Report.Docx 

16.1.4.2 High-Priority Criteria 

All of the following criteria must be met for a COI and pathway to be high priority:   

1.  COI exceeds the SLV by more than a factor of 1,000 at the point of discharge to the 
River (or closest monitoring point); 

2.  COI is identified as an indicator chemical in the LWG Portland Harbor Draft RI/FS, Table 
5.0-2 (October 27, 2009); 

3.  COI is detected in each of the four Riverbank regions (groundwater pathways only); 

4.  COI is considered bioaccumulative.  Organic COIs are considered bioaccumulative if the 
log of the partitioning coefficient (log Kow) is greater than 3.5.  Log Kow values were 
obtained from the following hierarchy:  Hazardous Substances Data Bank (HSDB), 
Sangster Research Laboratories Kow Database (SRL), and the Agency for Toxic 
Substances and Disease Registry (ATSDR).  Inorganic COIs are considered 
bioaccumulative if either a National Recommended Water Quality Criteria (NRWQC) 
water + organism SLV or DEQ 2007 Sediment Bioaccumulation SLV is available; 

5.  COI is considered to have a long half-life (i.e., greater than 1 month) and/or is mobile in 
the environment per HSDB; 

6.  COI has propensity to accumulate in sediments per HSDB; and 

7.  COI is present at concentrations of sufficient magnitude to significantly contribute to 
mass loading to the River (i.e., COI exceeds the SLV by more than a factor of 1,000 at 
the point of discharge to the River [or closest monitoring point]). 

16.1.4.3 Medium-Priority Criteria 

Medium-priority COIs and pathways are those retained in the fourth step of the screening process, but 
not identified as low or high priority based on the above criteria.  

16.1.5 Tier 3 Weight-of-Evidence Evaluation 
The final step in the screening process considers the overall WOE that supports whether a medium 
priority COPC should be retained for an SCAA.  Lines of evidence that are evaluated as part of the 
WOE evaluation are from Section 4.4.2 and Section 5 of the JSCS Document (DEQ/EPA, 2005) and 
consist of:  

● Comparison with background levels (inorganics only);  

● Level of impacts to the River based on types, concentrations, and number of contaminants, 
existing River concentrations, and upgradient inputs to the River; 

● Frequency of detection;  
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● Magnitude of SLV exceedance at the Riverbank; and  

● The propensity for the COI to accumulate in sediments.   

If a medium priority COPC is determined to require source control prior to implementation of the in-
River ROD based on the above criteria in the WOE evaluation, it was retained for consideration in an 
SCAA.   

Inorganic COIs were compared to the site-specific background levels agreed to with DEQ for 
groundwater and surface water.  Many of these background levels are not representative of 
background conditions in the Portland basin because of the relatively small data set used to evaluate 
the RP property vicinity hydrogeologic system, and as published by DEQ for soil and sediment.   

Background groundwater concentrations were presented to DEQ (AMEC, 2009p) and approved by 
DEQ (DEQ, 2009d).  Background surface water concentrations were presented in Appendix A-3 of the 
Draft SCE Report (AMEC, 2008d).  The surface water background concentrations used for the WOE 
are the same as those presented in the Draft SCE Report.  Background concentrations used for soil 
and sediment are those referenced by DEQ in its October 28, 2002, memorandum regarding Default 
Background Concentrations for Metals (DEQ, 2002).  A summary of these background values is 
presented in Table J-3 in Appendix J. 

16.1.6 Screening Evaluation Table 
The screening evaluation table for each potential pathway (Tables J-4 through J-14 in Appendix J) 
was designed to be used as a stand-alone tool once the reader is familiar with the screening flowchart 
for the groundwater pathway (Figure 16-A).  The “Flowchart Guide” row, found at the bottom of the 
table header, parallels the flowchart process and can be used to track the screening process through 
each of the five steps.  Arrows in these rows direct the user to the next appropriate column, based on 
the results of the current column’s outcome. 

The table tracks the screening of each COI from left to right until one of two endpoints is reached.   

1.  The first possible endpoint is the conclusion that the COI is not a COPC.  COIs 
determined not to be COPCs are highlighted in gray on the table at the point that the 
determination is made.  The reason the COI is not retained is presented in the far right 
column.   

2.  The second possible endpoint is the determination that a COI is a COPC.  COIs 
determined to be COPCs are highlighted in pink on the table in the far right column.  
These constituents and their associated pathways are retained for potential further 
consideration for source control, as discussed in Sections 16.2 through 16.10. 
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16.2 GROUNDWATER-ARTIFICIAL FILL 

This section presents the results of the screening evaluation of constituents for the Artificial Fill 
groundwater pathway.  The Artificial Fill pathway is not a current or potential future migration pathway 
to the River from RP source areas.  Constituents entering the River from the Artificial Fill groundwater 
pathway are from non-RP sources because there is not a continuous groundwater flow path from RP 
source areas to the Riverbank.  Even though there is not a direct flow path in the Artificial Fill for RP, 
this groundwater pathway is being evaluated as directed by DEQ.  The Artificial Fill is described in 
Section 6 (Hydrogeologic CSM), and in Sections 7 (Potential Pathways for the RI) and 15 (Potential 
Pathways to the River for SCE).   

The screening evaluation assessed all potential COIs in the Artificial Fill groundwater pathway 
regardless of source.  The dataset contained constituents in the following classes:  VOCs, SVOCs, 
herbicides, OCIs, PCDDs/PCDFs, PCBs, petroleum hydrocarbons, and total and dissolved inorganics.  
The screening identified five inorganics (total and dissolved arsenic, total and dissolved iron, and total 
lead), potentially carried forward to a potential SCAA; of these, all are related to third party sources or 
are naturally occurring in the Portland Basin above SLVs.  No COPCs were identified for the RP SCE.  
The screening evaluation is presented on Table 16-A.  The potential COIs screened, their progression 
through the screening process, and COIs retained as COPCs for consideration in a potential SCAA 
are discussed below. 

Sources for COIs in the Artificial Fill groundwater at the Riverbank include Gasco waste disposed on 
the Siltronic and BNSF sites, potential River dredge material placed on Arkema, Siltronic, NL/Gould, 
and BNSF sites, waste materials used as fill on the Arkema Site, process wastes historically used and 
disposed of on the Arkema Site, disposal of battery casings from NL/Gould, dust and slag waste 
buried at ESCO, shot blast waste from Air Liquide, and infiltration of urban runoff from the Tualatin 
Mountains and Highway 30.  These sources contributed COIs from the following chemical classes: 
VOCs, SVOCs, herbicides, OCIs, PCDDs/PCDFs, PCBs, petroleum hydrocarbons, and inorganics.  

16.2.1 Dataset 
The dataset for the Artificial Fill groundwater pathway included groundwater analytical results from 51 
monitoring wells screened in the Artificial Fill for the years 1982 through January 2010.  Sampling 
locations are shown on Figure 16-B. 

Data quality for each of the constituent classes was discussed in Section 16.1.1.  Those data with 
adequate data quality were used; data with identified quality issues that rendered them inappropriate 
were excluded from the screening evaluation.  Data quality issues were identified for OCIs and 
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PCDDs/PCDFs, as described in Section 8.7 and Section 8.9, respectively.  The PCDD/PCDF data set 
(included in Appendix J, Table J-14) was limited to analytical data collected between July 2008 and 
January 2010 that included additional quality assurance protocols.  The OCI data set (included in 
Appendix J, Table J-14) was limited to data analyzed using GC/HRMS from April 2007 and January 
2010. 

16.2.2 Screening Evaluation Process Variations 
The screening process was described in Section 16.1.  There are no variations to the screening 
process for the Artificial Fill groundwater pathway. 

16.2.3 Screening Results 
The screening results are discussed by constituent class and then by each of the five screening steps, 
as applicable.  There are five inorganics potentially carried forward to a potential SCAA; of these, all 
are related to third party sources or are naturally occurring above SLVs in the Portland Basin.  Arsenic 
is the only constituent assigned a high priority, and significant uncertainty exists between contributions 
from anthropogenic sources versus naturally occurring concentrations.  Medium priority inorganics 
consist of iron and lead.  No COPCs were identified for the RP SCE. 

The Artificial Fill groundwater data were screened against the DEQ-directed SLVs and are provided in 
Appendix J.  The screening evaluation results are presented in Table J-4 of Appendix J  The SCE 
COPCs for the multi-source Artificial Fill groundwater pathway to be evaluated in a potential SCAA 
are summarized in Table 16-A.  Distribution figures for selected COIs are presented in Appendix K. 

16.2.3.1 VOCs 

No VOCs were carried forward to a potential SCAA based on measured concentrations, lack of 
continuity of the pathway from RP sources to the Riverbank, and lack of potential for future 
exceedances from an RP source.  The nature and extent and fate and transport of VOCs at the RP 
property and vicinity were discussed in Section 8.4.  

The RP source areas for VOCs are located in the vicinity of known tank farms, waste management 
areas and manufacturing operations in the HA, and in areas where NAPL is known to be present.  
The exception to this is for benzene which appears to have isolated source areas distributed in both 
the HA and IA.  Several VOCs historically were used in formulation and manufacturing operations in 
the HA and IA (Table 2-C) and are:  1,2-dichlorobenzene, benzene, acetone, methylene chloride 
(dichloromethane or DCM), toluene, xylenes, trichloroethene, tetrachloroethene, and isobutyl alcohol.   



 

AMEC Earth & Environmental, Inc. 
530 Project No.:  0-61M-107030/Phase 0104/T6 
 K:\10000\10700\10703\0100 RI-FS-ROD\0104 RI Report\Draft RI\RI-SCE Report.Docx 

Historical investigations have identified VOC releases on the RP property and surrounding properties 
that have occurred throughout their industrial history.  VOC releases at the RP property are distinct 
from the distribution related to releases of VOCs at vicinity properties (Section 8.4).  Therefore, they 
do not overlap with the release of trichloroethene on the Siltronic Site in their manufacturing area, with 
the presence of BTEX related to MGP wastes on the Siltronic Site, or with releases of fuel-related 
products on the Kinder Morgan/Willbridge Site.  Questions concerning distribution of VOCs on the 
Arkema Site remain, however, because investigations performed at the Arkema Site to date have not 
been designed to define VOC distributions at depth on Arkema Lots 1 and 2.  Thus, Arkema 
contributions to near-River groundwater cannot be fully evaluated. 

Forty-five VOCs were detected in the Artificial Fill groundwater; 28 were detected above the SLV 
(Table J-4 in Appendix J).  These 28 VOCs were carried forward to Tier 2 screening.  

Potential COI Identification and Tier 1 – SLV Comparison 

No VOCs were carried forward from Tier 2 Source and Pathway Identification screening or retained as 
COPCs for the Artificial Fill groundwater pathway.  Three of the 28 VOCs were not detected in the RP 
source areas.  Vinyl chloride was one of the three non-detected VOCs.  Vinyl chloride was not 
removed at this screening step because it is produced by reductive dechlorination of trichloroethene, 
and trichloroethene was detected in the RP source area.  Eighteen COIs, including vinyl chloride and 
trichloroethene, were not detected at the Riverbank; 16 do not have a future potential for riverbank 
exceedances because they are not detected in wells directly upgradient of the Riverbank and/or are 
not considered to be mobile.  Of the eight remaining VOCs, four VOCs did not exceed the SLV at the 
Riverbank, and of these four, one does not have a potential for future exceedance because it is not 
detected in wells directly upgradient of the Riverbank.  The four remaining VOCs were not 
continuously present between the RP source areas and the Riverbank and of the four, three do not to 
have a potential for future exceedance because they are not detected in wells directly upgradient of 
the Riverbank and/or are not considered mobile.  The nine VOCs that have the potential for future 
exceedances at the Riverbank were detected in monitoring wells directly upgradient from the 
Riverbank but were not detected continuously from an RP source area to near-River monitoring wells.  
Therefore, these nine VOCs were not carried forward in the screening.     

Tier 2 – Source and Pathway Identification 

There are non-RP sources of these COIs to this pathway.  As described in Section 3.2 and Section 
8.4, non-RP sources of COIs contributing to the Artificial Fill groundwater and immediately 
surrounding area include: include DDT manufacturing and other processes at the Arkema Site 
(chlorobenzene, trichloroethene), historical MGP waste disposal at the Gasco and Siltronic properties 
(BTEX), the Kinder Morgan/Santa Fe Pacific Pump Station and Pipeline facility (BTEX), runoff from 
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Highway 30 (BTEX and MTBE), and the general industrial use of VOCs as solvents, in fuels, and in 
chemical manufacturing (Section 3.2). 

All detected VOCs were assigned a low priority because they screened out in the Tier 1 SLV 
Comparison or Tier 2 Source and Pathway Identification. 

Pathway Priority Evaluation 

No WOE evaluation for VOCs was conducted because no VOCs progressed forward from Tier 2 
Source and Pathway Identification.   

Tier 3 - WOE Evaluation 

16.2.3.2 SVOCs 

No SVOCs were carried forward to a potential SCAA based on measured concentrations, lack of 
continuity of the pathway from RP sources to the Riverbank, and lack of potential for future 
exceedances from an RP source.  The nature and extent and fate and transport of SVOCs at the RP 
property and vicinity were discussed in Section 8.5.  

The only SVOCs used in historical manufacturing or formulation operations at the RP property were 
phenol and chlorophenols.  Other potential sources of SVOCs at the RP property are fuel storage, 
handling and use, vehicle maintenance activities, and the filling of former Doane Lake with imported 
soil and fill material, including material from surrounding industrial properties.  Potential RP SVOC 
source areas are located in the vicinity of known tank farms, waste management areas, 
manufacturing operations in the HA, and in areas where NAPL is known to be present.   

Historical investigations have identified SVOC releases on the RP property and surrounding 
properties that have occurred throughout their industrial history.  SVOC releases at the RP property 
have a distribution that is distinct from releases of SVOCs at vicinity properties and, therefore, do not 
overlap with the presence of PAHs related to MGP wastes on the Siltronic Site or with releases on 
surrounding properties (Section 8.5).   

Fifty-four SVOCs were detected in the Artificial Fill groundwater; 47 were detected above the SLV 
(Table J-4 in Appendix J).  One SVOC (2,6-dichloro-4-methylphenol) has inadequate data quantity 
and was not carried forward.  Therefore, 46 SVOCs were carried forward to Tier 2 Source and 
Pathway Identification screening.   

Potential COI Identification and Tier 1 – SLV Comparison 
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No SVOCs were carried forward from Tier 2 Source and Pathway Identification screening or retained 
as COPCs for the Artificial Fill groundwater pathway.  Four SVOCs were detected in near-River 
groundwater but not in the RP source areas.  Twenty-seven were not detected at the Riverbank and 
26 of these do not have a potential for future exceedance because they are not detected in wells 
directly upgradient of the Riverbank and/or are not considered mobile.  One SVOC (1,2-
dichlorobenzene) was not detected at the Riverbank but has potential for future exceedance at the 
Riverbank because it was detected in wells directly upgradient of the Riverbank and is considered 
moderately mobile.  This SVOC is not carried forward in the screening as it was not detected 
continuously from RP source areas to the near-River monitoring wells.  Of the 15 remaining SVOCs, 
14 were not continuously present between the RP source areas and the Riverbank and do not have a 
potential for future exceedance because they are not detected in wells directly upgradient of the 
Riverbank and/or are not considered to be mobile.  One SVOC (dimethylphthalate) was not 
continuously present but has potential for future exceedance at the Riverbank because it was 
detected in wells directly upgradient of the Riverbank and is considered moderately mobile.  This 
SVOC is not carried forward in the screening as it was not detected continuously from RP sources to 
the near-River monitoring wells.  

Tier 2 – Source and Pathway Identification 

There are non-RP sources of these potential COIs to this pathway.  As described in Section 3.2 and 
Section 8.5, non-RP sources of SVOCs contributing to the Artificial Fill groundwater and immediately 
surrounding area include: MGP waste associated with former Gasco operations and waste disposal 
practices on the Siltronic and BNSF sites.  Additional SVOC sources in the vicinity include fill material 
historically placed in areas of former Doane Lake now occupied by ESCO; potential River dredge 
spoils used as fill at the Siltronic, Arkema, NL/Gould, Gasco, and BNSF sites; runoff from Highway 30 
and BNSF railroad tracks; former operations at the Koppers, NL/Gould, and Schnitzer/Air Liquide; use 
of herbicides such 2,4-D and 2,4,5-T that can degrade to form 2,4-dichlorophenol; and general use of 
SVOCs in fuels. 

All SVOCs were assigned a low priority because they screened out in Tier 1 SLV Comparison or Tier 
2 Source and Pathway Identification. 

Pathway Priority Evaluation 

No WOE evaluation for SVOCs was conducted because no SVOCs progressed forward from Tier 2 
Source and Pathway Identification.   

Tier 3 - WOE Evaluation 
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16.2.3.3 Herbicides 

No herbicides were carried forward to a potential SCAA based on measured concentrations, lack of 
continuity of the pathway from RP sources to the Riverbank, and lack of potential for future 
exceedances from an RP source.  The nature and extent and fate and transport of herbicides at the 
RP property and vicinity were discussed in Section 8.6. 

A limited set of herbicides was manufactured, packaged, or formulated at the RP facility.  
Manufacturing was discontinued by 1982 with the exception of bromoxynil, which was discontinued in 
1990.  The primary herbicides manufactured included 2,4-D, Silvex, 2,4,5-T, Bromoxynil, dichlorprop, 
MCPA, and MCPP.  Some herbicide components were also packaged at the facility for shipment to 
other manufacturers.  2,4,5-T was manufactured for a limited time between 1960 and 1962.  Because 
of the widespread application of herbicides, these chemicals may have been used and stored at many 
facilities and were routinely used along roadways (including Highway 30) and in landscapes for 
noxious weed control. 

Historical investigations have identified herbicide releases on the RP property and surrounding 
properties that have occurred throughout their industrial history.  Herbicide releases at the RP 
property have a distribution that is distinct from uses or releases of herbicide at vicinity properties 
(Section 8.6). 

Ten herbicides were detected in the Artificial Fill groundwater; nine exceeded the DEQ-directed SLVs 
(Table J-4 in Appendix J) and were carried forward to Tier 2 screening.   

Potential COI Identification and Tier 1 – SLV Comparison 

No herbicides were carried forward from Tier 2 Source and Pathway Identification screening or 
retained as COPCs for the Artificial Fill groundwater pathway.  The nine herbicides that exceeded 
SLVs were not detected in the Riverbank wells and do not have a potential for future exceedance 
because they were not detected in wells directly upgradient of the Riverbank.   

Tier 2 – Source and Pathway Identification 

There are non-RP sources of these potential COIs to this pathway.  As described in Section 3.2 and 
Section 8.6, non-RP sources of herbicides contributing to the Artificial Fill groundwater and 
immediately surrounding area include widespread application of herbicides along roadways (including 
Highway 30) and in landscapes for noxious weed control.  
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All herbicides were assigned a low priority because they were screened out in the Tier 1 SLV 
Comparison or Tier 2 Source and Pathway Identification. 

Pathway Priority Evaluation 

No WOE evaluation for herbicides was conducted because no herbicides progressed forward from 
Tier 2 Source and Pathway Identification.   

Tier 3 - WOE Evaluation 

16.2.3.4 OCIs 

No OCIs were carried forward to a potential SCAA based on measured concentrations, lack of 
continuity of the pathway from RP sources to the Riverbank, and lack of potential for future 
exceedances from an RP source.  The nature and extent and fate and transport of OCIs at the RP 
property and vicinity were discussed in Section 8.7.  

OCIs were formulated in the IA from 1945 (StarLink, 2009) until 1969 (EMCON, 1992).  OCIs 
historically involved in formulation and manufacturing operations in the IA (Table 2-C) include:  aldrin, 
BHCs, chlordane, DDx, dieldrin, endosulfans, endrin, heptachlor, hexachlorobenzene, and toxaphene.  
RP property source areas for OCIs are former operations areas in the IA and potential waste 
management areas in the LADD area.  OCI sources from other properties in the RP property vicinity 
include historical DDT and lindane manufacturing at Arkema; historical DDT formulation at Kinder 
Morgan/Willbridge Site; filling of former Doane Lake with fill material sourced from vicinity industrial 
properties; use of OCIs for insect control in the general area; runoff containing OCIs from surrounding 
property owners including ESCO, NL/Gould, Schnitzer/Air Liquide, and RP; use of potential River 
dredge materials as fill on the Siltronic, NL/Gould, Gasco, BNSF, and Arkema sites that potentially 
contained OCIs from Arkema or up-River sources; and atmospheric deposition of OCIs.   

Historical investigations have identified OCI releases on the RP property and surrounding properties 
that have occurred throughout their industrial history.  OCI releases at the RP property have a 
distribution that is distinct from releases of OCIs at vicinity properties (Section 8.7), and, therefore, do 
not overlap with the presence of DDx related to manufacturing and disposal by Arkema on their 
property or with releases and uses on surrounding properties.  

Thirty OCIs were detected in the Artificial Fill groundwater; seven were not detected above the DEQ-
directed SLV (Table J-4 in Appendix J).  The remaining 23 OCIs were carried forward to Tier 2 
screening.   

Potential COI Identification and Tier 1 – SLV Comparison 



 

AMEC Earth & Environmental, Inc. 
Project No.:  0-61M-107030/Phase 0104/T6 535 
K:\10000\10700\10703\0100 RI-FS-ROD\0104 RI Report\Draft RI\RI-SCE Report.Docx 

No OCIs were carried forward from Tier 2 Source and Pathway Identification screening or retained as 
COPCs for the Artificial Fill groundwater pathway.  Six OCIs were not detected in the Riverbank wells 
and do not to have a potential for future exceedance, because they are either not detected in wells 
directly upgradient of the Riverbank or are not considered mobile.  Three OCIs were not detected in 
the Riverbank wells and have a potential for future exceedance because they are detected in wells 
directly upgradient of the Riverbank and are considered mobile.  However, these OCIs (alpha-BHC, 
beta-BHC, and Total BHC) were not carried forward to the Tier 3 WOE Evaluation because they were 
not detected continuously between RP sources and the near-River monitoring wells.  Fourteen OCIs 
were detected in Riverbank wells, but were not continuously present between the RP source areas 
and the Riverbank.  These OCIs also do not have a potential for future Riverbank exceedance 
because they were not detected in wells directly upgradient of the Riverbank and/or are not 
considered mobile.  

Tier 2 – Source and Pathway Identification  

There are non-RP sources of these potential COIs to this pathway.  As described in Section 3.2 and 
Section 8.7, non-RP sources of OCIs contributing to the Artificial Fill groundwater and immediately 
surrounding area include: historical DDT and lindane manufacturing at Arkema; filling of former Doane 
Lake with fill material sourced from vicinity industrial properties; use of OCIs for insect control in the 
general area; runoff containing OCIs from surrounding property owners including ESCO, NL/Gould, 
Schnitzer/Air Liquide, and RP; use of potential River dredge materials as fill on the Siltronic, Gasco, 
NL/Gould, BNSF, and Arkema sites that potentially contained OCIs from Arkema or up-River sources,   

All OCIs were assigned a low priority because they were screened out in the Tier 1 SLV Comparison 
or Tier 2 Source and Pathway Identification. 

Pathway Priority Evaluation 

No WOE evaluation for OCIs was conducted as no OCIs progressed from Tier 2 Source and Pathway 
Identification.   

Tier 3 - WOE Evaluation 

16.2.3.5 PCDDs/PCDFs 

No PCDDs/PCDFs were carried forward to a potential SCAA based on measured concentrations, lack 
of continuity of the pathway from RP sources to the Riverbank, and lack of potential for future 
exceedances from an RP source.  The nature and extent and fate and transport of PCDDs/PCDFs at 
the RP property and vicinity were discussed in Section 8.9.  
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In the RP property vicinity, the presence of PCDDs/PCDFs in environmental media is a result of 
contribution from a number of sources that include inadvertent production as part of the chlorinated 
phenol chemistry conducted for the manufacture of herbicides, operation of furnace and boilers on a 
number of neighboring properties, including combustion of PCB-containing fuel oils, historical 
chloralkali manufacturing processes, placement of dredge spoils from the River for land-filling, 
secondary lead smelting, lead cable sweating, auto-shredder fluff disposal, atmospheric deposition 
concentrated in stormwater run-off, and extensive continued generation of PCDDs/PCDFs from 
gasoline/diesel engines and industrial wood combustion (Cleverly et al., 2003). 

PCDDs/PCDFs in soil and groundwater in the RP property vicinity remain localized near source 
areas, and in groundwater they do not track well with other more soluble and/or mobile constituents 
(e.g., chlorinated benzenes) originating at the RP property.  PCDDs/PCDFs are present in 
groundwater beneath the RP property as well as at other locations within the vicinity of the RP 
property vicinity, typically with varied congener profiles.  The distribution and congener profiles are 
indicative of multiple sources of PCDDs/PCDFs to groundwater, and not of migration from the RP 
property. 

Seventeen PCDD/PCDF congeners were detected in the Artificial Fill groundwater (Table J-4 in 
Appendix J).  The detections exceeded the DEQ-directed SLVs, and these potential COIs moved 
forward to Tier 2 screening.   

Potential COI Identification and Tier 1 – SLV Comparison 

No PCDD/PCDF congeners were carried forward from Tier 2 Source and Pathway Identification 
screening or retained as COPCs for the Artificial Fill groundwater pathway.  Of the 17 PCDD/PCDF 
congeners screened in Tier 2, five were not detected at the Riverbank wells and do not have a 
potential for future exceedance because they were not detected in wells directly upgradient of the 
Riverbank.  The remaining 12 PCDD/PCDF congeners were not continuously present between the RP 
source areas and the Riverbank and do not have a potential for future exceedance because they were 
not detected in wells directly upgradient of the Riverbank and/or are not considered mobile.   

Tier 2 – Source and Pathway Identification  

There are non-RP sources of these potential COIs to this pathway.  As described in Section 3.2 and 
Section 8.9, non-RP sources of PCDDs/PCDFs contributing to the Artificial Fill groundwater and 
immediately surrounding area include: historical operations at the former NL/Gould Site that would 
have generated PCDD/PCDF from secondary lead battery smelting, sweating of cable wrapped in 
either plastic or PCB-coated paper for lead and copper recovery, or burning of plastic battery casings; 
historical auto fluff processing operations on Schnitzer/Air Liquide Site that would generate 
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PCDD/PCDF including likely burning of auto fluff for metals recovery; historical operations at the 
Arkema Site; widespread use of pentachlorophenol-treated wood products; River dredge materials 
containing PCDDs/PCDFs from the wood preservative product wastes from the McCormick & Baxter 
Site, which were deposited in former Doane Lake and on the Arkema, Siltronic, and other sites; and 
miscellaneous sources including exhaust from diesel-powered trucks and railroad locomotives and 
use of industrial boilers or furnaces on multiple properties in the vicinity of the RP property. 

All PCDDs/PCDFs were assigned a low priority because they were screened out in the Tier 1 SLV 
Comparison or Tier 2 Source and Pathway Identification. 

Pathway Priority Evaluation 

No WOE evaluation for PCDDs/PCDFs was conducted, as no PCDDs/PCDFs progressed from Tier 2 
Source and Pathway Identification.   

Tier 3 - WOE Evaluation 

16.2.3.6 PCBs 

No PCBs were carried forward to a potential SCAA based on measured concentrations, lack of 
continuity of the pathway from RP sources to the Riverbank, and lack of potential for future 
exceedances from an RP source.  The nature and extent and fate and transport of PCBs at the RP 
property and vicinity were discussed in Section 8.10.   

Historical records concerning the presence and use of PCBs at the former RP facility show that 
potential sources of PCBs are limited to eight transformers formerly in the HA and IA, and possible 
use of small amounts of heat transfer fluid that may have contained PCBs during a short period of 
time (Section 2).  PCB concentrations in groundwater do not indicate downgradient transport of PCBs 
from potential source areas at the RP property.  The nature and distribution of PCBs detected in 
groundwater (Section 8.10) provide evidence that such detections PCBs detected in groundwater are 
related to distinct sources, and that the RP property is not a source of PCBs in groundwater near 
N.W. Front Avenue or the River.   

PCB sources from other properties in the RP property vicinity include historical auto fluff processing 
operations, transformers, and waste compressor oil on Schnitzer/Air Liquide Site,  historical 
operations (including cable sweating and transformers) at the former NL/Gould Site, burning of PCB-
containing waste oil on the Arkema Site, the BPA substation and transformers located on the Arkema 
Site, and placement of River dredge spoils containing wastes from the multiple sources, which were 
used for fill in former Doane Lake and on the Arkema, Siltronic, NL/Gould, Gasco, and BNSF sites. 
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PCB congeners 77, 105, 118, 156/157, and total PCBs (inferred Aroclor 1016) were detected in the 
Artificial Fill groundwater.  All but PCB 156/157 exceeded the DEQ-directed SLV and were carried 
forward to Tier 2 screening. 

Potential COI Identification and Tier 1 – SLV Comparison 

No PCBs were carried forward from Tier 2 Source and Pathway Identification screening or retained as 
COPCs for the Artificial Fill groundwater pathway.  PCB congeners 77, 105, and 118 were not 
analyzed for in the RP source areas.  However, these PCBs were not continuously present between 
the RP source areas and the Riverbank, and do not have a potential for future exceedance because 
they were not detected in wells directly upgradient of the Riverbank and/or are not considered mobile.  
Total PCBs, based on inferred Aroclor 1016, were not detected in the RP source areas. 

Tier 2 – Source and Pathway Identification  

There are non-RP sources of these potential COIs to this pathway.  As described in Section 3.2 and 
Section 8.10, non-RP sources of PCBs contributing to the Artificial Fill groundwater and immediately 
surrounding area include: historical auto fluff processing operations, transformers, and waste 
compressor oil on Schnitzer/Air Liquide Site, capacitors used in BNSF locomotives prior to the mid-
1980s, historical operations (including cable sweating and transformers) at the former NL/Gould Site; 
burning of PCB-containing waste oil on the Arkema Site, the BPA substation and transformers located 
on the Arkema Site, placement of potential River dredge spoils containing wastes from the multiple 
sources, which was used for fill in former Doane Lake and at Arkema, Siltronic, and BNSF sites; and 
urban/roadway runoff from Highway 30 and N.W. Front Avenue. 

All PCBs were assigned a low priority because they were screened out in the Tier 1 SLV Comparison 
or Tier 2 Source and Pathway Identification. 

Pathway Priority Evaluation 

No WOE evaluation for PCBs was conducted as no PCBs progressed from Tier 2 Source and 
Pathway Identification.   

Tier 3 - WOE Evaluation 

16.2.3.7 Petroleum Hydrocarbons 

No petroleum hydrocarbons were carried forward to a potential SCAA based on measured 
concentrations, lack of continuity of the pathway from RP sources to the Riverbank, and lack of 
potential for future exceedances from an RP source.  The nature and extent and fate and transport of 
petroleum hydrocarbons at the RP property and vicinity were discussed in Section 8.11.   
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Petroleum hydrocarbons are detected in groundwater at all properties within the RP property vicinity.  
Petroleum hydrocarbons are most commonly detected in the Artificial Fill or in the uppermost portion 
of the Fine-Grained Alluvium where the Artificial Fill is absent.  This is consistent with the sources of 
petroleum hydrocarbons to groundwater that are releases from a variety of heavy industrial uses, 
including fueling and equipment operations at multiple industrial facilities, the placement of fill in 
former Doane Lake, and placement of dredge spoils on the Arkema and Siltronic sites. 

Two petroleum hydrocarbons (diesel-range and residual-range hydrocarbons) were detected in the 
Artificial Fill groundwater.  These potential COIs do not have an applicable DEQ-directed SLV or 
appropriate surrogate (Table J-1 in Appendix J).  Therefore, no petroleum hydrocarbons were carried 
through the screening process.  

Potential COI Identification and Tier 1 – SLV Comparison 

No Tier 2 Source and Pathway Identification for petroleum hydrocarbons was completed because no 
petroleum hydrocarbons progressed from the Tier 1 SLV Comparison. 

Tier 2 – Source and Pathway Identification 

Priority was not evaluated because no petroleum hydrocarbons progressed past from the Tier 1 SLV 
Comparison. 

Pathway Priority Evaluation 

No WOE evaluation for petroleum hydrocarbons was conducted as no petroleum hydrocarbons 
progressed from the Tier 1 SLV Comparison. 

Tier 3 - WOE Evaluation 

16.2.3.8 Inorganics 

Two inorganics (total and dissolved arsenic) were carried forward as high-priority COPCs and three 
inorganics (total and dissolved iron and total lead) were carried forward as medium-priority COPCs to 
a potential SCAA.  No COPCs were identified for the RP SCE.  The nature and extent and fate and 
transport of inorganics at the RP property and vicinity were discussed in Section 8.12.   

The distribution of inorganic constituents in environmental media at the RP property and vicinity is 
widespread as expected given the natural and anthropogenic sources of inorganics in the 
environment.  There is no discernible pattern or gradient to concentrations of inorganics in 
groundwater that suggests the presence of a coherent plume that originates in and moves away from 
any particular source area.  Although areas of higher concentration are evident in the data, these 
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apparent source areas are surrounded by multiple data points with lower or nondetectable 
concentrations of the same element.  The LWG has made the same observation of lack of any evident 
distributional pattern in the upland groundwater evaluation provided in the Draft RI Report (LWG, 
2009).  Furthermore, River sediments and local soils are documented to contain native concentrations 
of a number of metals that are present in environmental media at the RP property and vicinity.   

Twenty-seven total inorganics and 25 dissolved inorganics were detected in the Artificial Fill 
groundwater (Table J-4 in Appendix J).  Total and dissolved potassium and dissolved chromium did 
not exceed the DEQ-directed SLV and were not carried forward to the Tier 2 Source and Pathway 
Identification screening evaluation.  Total cyanide (associated with historical MGP operations at the 
Gasco Site) and total tin did not have adequate data quantity for evaluation and were not carried 
forward.  The remaining total and dissolved inorganic COIs were carried forward to Tier 2 in the 
screening evaluation.   

Potential COI Identification and Tier 1 – SLV Comparison 

Tier 2 – Source and Pathway Identification 

Of the 24 total inorganics screened in Tier 2, 13 total inorganics were not continuously present 
between the RP source areas and the Riverbank, and do not have a potential for future exceedance 
because they are not considered to be mobile.  Of the remaining 11 total inorganics, 2 did not exceed 
the SLV at the Riverbank.  One of these does not have a potential for future exceedance because it is 
not considered to be mobile.    

Total Inorganics 

Of the 23 dissolved inorganics screened in Tier 2, one dissolved inorganic was not detected at the 
Riverbank.  Thirteen dissolved inorganics were not continuously present between the RP source 
areas and the Riverbank, and do not have a potential for future exceedance because they are not 
considered mobile.  Of the remaining nine dissolved inorganics, two did not exceed the SLV at the 
Riverbank, and one of these does not have a potential for a future exceedance because it is not 
considered mobile.  

Dissolved Inorganics 

There are non-RP sources of these potential COIs to this pathway.  As described in Section 3.2 and 
Section 8.12, non-RP sources of inorganics contributing to the Artificial Fill groundwater and 
immediately surrounding area include: leaching of native inorganic constituents from dredged 
sediments and formation materials; disposal of battery casings, battery acid, and secondary lead 
smelter residuals on the NL/Gould Site; disposal of MGP waste on the BNSF and Siltronic sites; 
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disposal of foundry sand in former Doane Lake by ESCO; historical auto fluff processing, acetylene 
manufacture, and other operations on Schnitzer/Air Liquide Site; historical disposal activities by 
Arkema on its property; and potential placement of River dredge spoils containing wastes from the 
McCormick & Baxter Site, which were used for fill in former Doane Lake, and the Arkema, Siltronic, 
and BNSF sites. 

Pathway Priority Evaluation 

Eighteen total inorganics were assigned a low priority because they screened out in Tier 1 SLV 
Comparison or Tier 2 Source and Pathway Identification.  Three total inorganics were assigned low 
priority because they are not risk drivers for the River and have low SLV exceedances.  Five total 
inorganics were assigned medium priority, as they did not meet low or high priority criteria at this 
screening step and were carried forward to the WOE evaluation.  Total arsenic is assigned a high 
priority because it exceeds its SLV by slightly over a factor of 1,000 and meets the other criteria for a 
high-priority COI.  However, if the maximum Riverbank detections for total arsenic were screened 
against the background levels rather than the DEQ-directed SLV, the exceedance ratio would be 
approximately 4, rather than slightly over 1,000.  In strict accordance with the DEQ-approved 
screening process, total arsenic is carried forward to a potential SCAA.  However, the widespread 
distribution of similar concentrations of arsenic across multiple properties in the RP property vicinity, 
and the lack of identifiable gradients away from specific source areas, indicate that the arsenic in 
groundwater is likely related to the nature of the formation or fill materials in the area. 

Total Inorganics 

Eighteen dissolved inorganics were assigned a low priority because they screened out in Tier 1 SLV 
Comparison or Tier 2 Source and Pathway Identification.  Three dissolved inorganics were assigned 
low priority because they are not risk drivers for the River and have low SLV exceedances.  Three 
dissolved inorganics were assigned medium priority, as they did not meet low or high priority criteria 
at this screening step, and were carried forward to the WOE evaluation.  Dissolved arsenic is 
assigned a high priority, as it exceeds its SLV by slightly over a factor of 1,000 and meets the other 
criteria for a high-priority COI.  However, if the maximum Riverbank detections for dissolved arsenic 
were screened against the DEQ-approved background levels rather than the DEQ-directed SLV, the 
exceedance ratio would be reduced to approximately 4, rather than slightly over 1,000.  With strict 
accordance with the DEQ-approved screening process, dissolved arsenic is carried forward to a 
potential SCAA.  However, the widespread distribution of similar concentrations of arsenic across 
multiple properties in the RP property vicinity, and the lack of identifiable gradients away from specific 

Dissolved Inorganics 
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source areas, indicate that the arsenic in groundwater is likely related to the nature of the formation or 
fill materials in the area. 

Inorganic COIs carried forward to the WOE evaluation include five total inorganics (aluminum, barium, 
iron, lead, and manganese) and three dissolved inorganics (barium, iron, and manganese).  Each of 
these exceeded the DEQ-approved site-specific background inorganic values but were assigned 
either a medium or low priority as discussed below. 

Tier 3 – WOE Evaluation 

Total Aluminum – Aluminum is present at percent (%) levels in native soils and River sediments.  It 
was not used in the processes at the RP property (Table 2-C).  It is identified as a constituent 
disposed of at the ESCO property and is listed as a COI for that property (Table 3-A).  It also is 
present in the Willamette River dredge materials (Table 3-A). 

Total aluminum was detected in the RP source area in only one monitoring well MW-05-24.  The 
highest concentration of total aluminum in the Artificial Fill groundwater dataset was associated with a 
historical monitoring well PP-11 located on Arkema Lot 2, directly downgradient of the ESCO Site.  
Forty percent of the total aluminum detections in the Artificial Fill dataset exceed the background 
value, but the majority of the total aluminum concentrations are less than five times the background 
value.  Total aluminum has also not routinely been detected above the background value at the 
Riverbank, indicating that aluminum is not being transported away from areas of higher concentration 
and toward the River.  Total aluminum has not been detected above background values at upgradient 
wells, but these wells are near the Tualatin Mountains and reflect different geochemical conditions.  
Total aluminum concentrations exceed background concentrations at Arkema, ESCO, City, NL/Gould, 
Siltronic, and Schnitzer/Air Liquide Sites and within the multi-source former Doane Lake, which 
indicates there is not a single source of this constituent in Artificial Fill groundwater. 

Total aluminum is assigned a low priority for the RP SCE because there is no source of aluminum at 
the RP property, there is no direct groundwater flow path from RP sources to the Riverbank, the 
distribution of aluminum in groundwater suggests multiple sources, and there is lack of routine 
detection of total aluminum at all Riverbank monitoring wells above the background value.  Source 
control for total aluminum at the riverbank is not necessary.   

Total and Dissolved Barium – Barium occurs naturally in the hundreds of mg/kg range in Oregon soils 
and River sediments.  It was not used in the manufacturing processes at the RP property (Table 2-C).  
Industrial processes that which may have contributed barium to soil and groundwater include disposal 
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of ESCO foundry waste, disposal of chlor-alkali production process  waste from Arkema, disposal of 
shot blast waste from Schnitzer/AirLiquide, and runoff from Highway 30 (Appendix L and Table 3-A). 

The highest concentrations of total and dissolved barium in the Artificial Fill groundwater dataset are 
at AL5-19 located within the multi-source former Doane Lake.  All total and dissolved barium 
detections in the Artificial Fill groundwater dataset either do not exceed the background value or are 
less than ten times the background value.  Total and dissolved barium concentrations in an 
upgradient Artificial Fill well (RP-05-16) are greater than the background value, which suggests either 
an off-site source of barium or, more likely reflects the natural variation in background levels.  Total 
and dissolved barium have not been routinely detected above the background value at the Riverbank. 

Total and dissolved barium have been assigned a low priority for the RP SCE because of the low 
dataset exceedance ratio compared to the background value, there are detections of barium 
exceeding the background value located upgradient of the RP property, there is no source of barium 
at the RP property, there is no direct groundwater flow path from RP sources to the Riverbank, the 
distribution of barium in groundwater suggests multiple sources, and there is a lack of routine 
detections of total and dissolved barium at all Riverbank monitoring wells above the background 
value.  Source control for total and dissolved barium at the riverbank is not necessary. 

Total and Dissolved Iron – Iron is present at percent (%) levels in native soils and River sediments.  It 
was not used in the manufacturing processes at the RP property (Table 2-C).  Industrial processes 
that which may have contributed iron to the RP property vicinity include foundry dust and slag 
disposed at ESCO and waste from smelting activities at NL/Gould (Table 3-A and Appendix L). 

The highest concentrations of iron in the Artificial Fill groundwater dataset were at monitoring wells 
RP-22-29 and RP-23-30 screened within an area of documented MGP waste on Siltronic Site.  
Methane has been monitored at this well suggesting that changes in redox conditions related to 
biodegradation of MGP wastes have caused increased solubilization of iron and other metals.  
Monitoring wells RP-22-29 and RP-23-30 are located hydraulically upgradient of the Riverbank 
monitoring wells that had iron detections exceeding the DEQ-directed SLV and background values.  
The elevated iron in groundwater near the River is consistent with groundwater flow from historical 
waste management areas used by Gasco. 

Total and dissolved iron are assigned a low priority for the RP SCE because there is no historical use 
of iron at the RP property, iron is not continuously present at concentrations exceeding the 
background level from the RP property to the River, there is no direct groundwater flow path from RP 
sources to the Riverbank, there are likely historical non-RP sources of iron to the area, including MGP 
wastes located on Siltronic property.  Any further evaluation for iron should be performed by Gasco.  
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In strict accordance with the DEQ-approved screening process, these COPCs are being carried 
forward as medium-priority COPCs in a potential SCAA. 

Total Lead – Lead was not used in the manufacturing processes at the RP property (Table 2-C).  
Industrial processes that may have contributed lead to Artificial Fill groundwater in the area include 
disposal of battery casings from NL/Gould, dust and slag waste buried at ESCO, spent oxide waste 
from MGP processes at Gasco and placed on the Siltronic Site, lead furnace pot operations, waste oil, 
and chlorine production waste from Arkema, and shot blast waste from Schnitzer/Air Liquide. 

The highest concentrations of lead in the Artificial Fill groundwater dataset were at monitoring wells 
W-07-S(15) and W-02-S, both associated with the documented disposal of battery casings from 
NL/Gould on their property and in the former Doane Lake.  Lead was not detected in Artificial Fill 
monitoring wells located in RP source areas on the HA, IA, and outside of the multi-source former 
Doane Lake area. 

Total lead is assigned a low priority for the RP SCE because it was not detected in RP source area 
Artificial Fill groundwater and because the source of the exceedances in the Artificial Fill data set are 
attributed to NL/Gould and others activities in the RP property vicinity.  Any further evaluation for lead 
should be performed by other parties.  In strict accordance with the DEQ-approved screening 
process, these COPCs are being carried forward as medium-priority COPCs in a potential SCAA. 

Total and Dissolved Manganese – Manganese is present in native soils and River sediments at 
concentrations between 100 mg/kg and 2,000 mg/kg.  It was not identified as a chemical used in the 
processes at the RP property (Table 2-C).  It has been identified as a COI for the ESCO property and 
the Willamette River dredge materials (Table 3-A). 

Total and dissolved manganese has been detected in Artificial Fill wells within the RP source area, 
with the majority of these detections exceeding the background concentration.  The highest 
concentrations of total and dissolved manganese in the Artificial Fill groundwater dataset were at 
monitoring wells RP-15-25 in the NAPL area and at RP-23-30 on the Siltronic Site.  Sixty-three 
percent of the total manganese detections and seventy-five percent of the dissolved manganese 
detections in the Artificial Fill dataset exceed the background value; however, less than ten percent of 
these concentrations are more than five times the background value.  Concentrations of total and 
dissolved manganese above the background value do not suggest a single source because there is 
not a distinct plume along a groundwater flow path from these areas of higher concentrations.  Total 
and dissolved manganese have not been routinely detected above the background value at the 
Riverbank.  Monitoring wells on the Siltronic Site and within former Doane Lake had the most 
detections and highest concentrations of total and dissolved manganese.  Detections of total and 
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dissolved manganese exceeded background concentrations on Arkema, BNSF, City, NL/Gould, 
Schnitzer/Air Liquide, and Siltronic sites, as well as within former Doane Lake.  

Total and dissolved manganese have been assigned a low priority for the RP SCE because there is 
no source of manganese at the RP plant area, there is no direct groundwater flow path from RP 
sources to the Riverbank, the distribution of manganese suggests there are multiple sources, and 
there is lack of routine detection of total and dissolved manganese at all Riverbank monitoring wells 
above the background value.  Source control for total and dissolved manganese at the riverbank is 
not necessary.  

16.2.4 Artificial Fill Pathway Priority 
The potential COIs retained as COPCs for the multi-source Artificial Fill pathway are provided on 
Table 16-A.  No COPCs were retained for the RP SCE.  The number of COPCs are summarized 
below: 

● Two inorganics (total and dissolved arsenic) were retained as high-priority COPCs, and 

● Three inorganics (total and dissolved iron and total lead) were retained as medium-priority 
COPCs. 

Artificial Fill groundwater should remain a medium priority and be carried forward to a potential SCAA 
by parties other than StarLink because of the presence of inorganics.  Artificial Fill groundwater is a 
low priority pathway for the RP SCE because: 

● The extent of Artificial Fill groundwater is limited.  The only area of saturated fill at the 
Riverbank is on the Siltronic Site.  Gasco concluded in their SCE Report that they have 
potential COPCs at the Riverbank that may require source control (Anchor QEA, 2009).  

● There are no high-priority COIs, except arsenic, detected in Artificial Fill groundwater within 
the vicinity of the RP property and there is no discernable pattern to the arsenic 
distribution. 

● The only medium-priority COIs are inorganics, and there are no discernable patterns to the 
distribution of these constituents.     

The concentrations of aluminum, barium, and manganese in Artificial Fill groundwater at the 
Riverbank are consistent with the DEQ-approved groundwater background concentrations.  They are 
not attributable to a source that could be addressed by source control measures.  The concentrations 
of iron and lead on Siltronic property in Artificial Fill groundwater at the riverbank exceed background 
levels and should be addressed by parties other than StarLink. 
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16.3 GROUNDWATER - FINE-GRAINED ALLUVIUM  

This section presents the results of the screening evaluation of constituents for the Fine-Grained 
Alluvium groundwater pathway.  This groundwater pathway is a current and potential future migration 
pathway for a limited set of RP-related and non-RP-related constituents from multiple sources.  
Potentially RP-related COIs detected in the Fine-Grained Alluvium adjacent to the Riverbank do not 
contribute the highest concentrations of COIs to this pathway.  The analytical data from the monitoring 
well network in the Fine-Grained Alluvium includes wells where non-RP sources contribute the 
majority of the COI mass to this pathway (e.g., monitoring wells WS-11-125, WS-11-161, WS-12-125, 
and WS-12-161 screened in the documented trichloroethene plume near the Siltronic FAB area).  The 
SCAA for COIs discharging to the River from the Fine-Grained Alluvium in Regions 1, 4, and 5 should 
be completed by the contributing properties located along these portions of the River.  The lateral 
extent of potentially RP-related COIs and non-RP related COIs at the Riverbank in Regions 2 and 3 
are limited, and source control should be completed by the party or parties that contribute the highest 
mass loadings and represent the primary risk drivers to the Fine-Grained Alluvium groundwater 
pathway.  The Fine-Grained Alluvium groundwater pathway is described in Section 6 (the CSM), 
Section 7 (Potential Pathways for the RI), and Section 15 (Potential Pathways to the River for SCE).   

The screening evaluation assessed all potential COIs in the Fine-Grained Alluvium pathway, 
regardless of source.  The dataset contained constituents in the following classes:  VOCs, SVOCs, 
herbicides, OCIs, PCDDs/PCDFs, PCBs, petroleum hydrocarbons, and total and dissolved inorganics.  
The Fine-Grained Alluvium pathway screening identified eight medium-priority COPCs (toluene, vinyl 
chloride, total and dissolved boron, total and dissolved cadmium, dissolved copper, and total lead) 
and two high-priority COPCs (total and dissolved arsenic) potentially carried forward to a potential 
SCAA; of these, none are solely related to RP, many are naturally occurring above SLVs in the 
Portland Basin, and potential risk that may be attributable to constituents related to RP is low relative 
to potential risk attributable to COPCs from other sources.  The screening evaluation is presented on 
Table J-5 of Appendix J.  The potential COIs screened, their progression through the screening 
process, and COIs retained as COPCs for consideration in a potential SCAA are discussed below. 

Sources for COIs in the Fine-Grained Alluvium groundwater at the Riverbank include Gasco waste 
disposed on the Siltronic and BNSF sites, River dredge material placed on Arkema, Siltronic, Gasco, 
NL/Gould, and BNSF sites, waste materials used as fill on the Arkema Site, and process wastes 
historically used and disposed of on the Arkema Site.  These sources contributed COIs from the 
following chemical classes: VOCs, SVOCs, herbicides, OCIs, PCDDs/PCDFs, PCBs, petroleum 
hydrocarbons, and inorganics.  
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16.3.1 Dataset 
The dataset for the Fine-Grained Alluvium groundwater pathway included groundwater analytical 
results from 154 wells screened in the Fine-Grained Alluvium for the years 1982 through January 
2010.  Sampling locations are shown on Figure 16-B. 

Data quality for each of the constituent classes was discussed in Section 16.1.1.  Those data with 
adequate data quality were used; data with identified quality issues that rendered them inappropriate 
were excluded from the screening evaluation.  Data quality issues were identified for OCIs and 
PCDDs/PCDFs as described in Section 8.7 and Section 8.9, respectively.  The PCDD/PCDF data set 
(included in Appendix J, Table J-15) was limited to analytical data collected between July 2008 and 
January 2010 that included additional quality assurance protocols.  The OCI data set (included in 
Appendix J, Table J-15) was limited to data analyzed using GC/HRMS from April 2007 and January 
2010.     

16.3.2 Screening Evaluation Process Variations  
The screening process was described in Section 16.1.  There are no variations to the screening 
process for the Fine-Grained Alluvium groundwater pathway. 

16.3.3 Screening Results   
The screening results are discussed by constituent class and then by each of the five screening steps 
as applicable.  The Fine-Grained Alluvium pathway screening identified eight medium-priority COPCs 
(toluene, vinyl chloride, total and dissolved boron, total and dissolved cadmium, dissolved copper, and 
total lead) and two high-priority COPCs (total and dissolved arsenic) and two high-priority COPCs 
(total and dissolved arsenic) potentially carried forward to a potential SCAA; of these, none are solely 
related to RP and many are naturally occurring above SLVs in the Portland Basin.  The overall mass 
and relative risk contribution of RP-related COPCs is small in comparison to that contributed from 
other COPCs related to other third party sources to the River in the Fine-Grained Alluvium because of 
the low concentrations and limited extent of groundwater from RP source areas moving through the 
Fine-Grained Alluvium.  Arsenic is the only constituent assigned a high priority and significant 
uncertainty exists between contributions from anthropogenic sources versus naturally occurring 
concentrations. 

The Fine-Grained Alluvium groundwater data are screened against the DEQ-directed SLVs provided 
in Appendix J.  The screening evaluation results are presented in Table J-5 of Appendix J.  The SCP 
COPCs for the multi-source Fine-Grained Alluvium groundwater pathway to be evaluated in a 
potential SCAA are summarized in Table 16-B.  Distribution figures for selected COIs are presented in 
Appendix K. 
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16.3.3.1 VOCs 

Two VOCs, toluene and vinyl chloride, were carried forward to a potential SCAA.  The nature and 
extent and fate and transport of VOCs at the RP property and vicinity were discussed in Section 8.4.   

The RP source areas for VOCs are located in the vicinity of known tank farms, waste management 
areas and manufacturing operations in the HA, and in areas where NAPL is known to be present.  
The exception to this is for benzene, which appears to have isolated source areas distributed in both 
the HA and IA.  Several VOCs historically were used in formulation and manufacturing operations in 
the HA and IA (Table 2-C):  1,2-dichlorobenzene, benzene, acetone, methylene chloride 
(dichloromethane or DCM), toluene, xylenes, trichloroethene, tetrachloroethene, and isobutyl alcohol.   

Historical investigations have identified VOC releases on the RP property and surrounding properties 
that have occurred throughout their industrial history.  VOC releases at the RP property have a 
distribution that is distinct from releases of VOCs at vicinity properties (Section 8.4), and therefore do 
not overlap with the release of trichloroethene in the manufacturing area of the Siltronic Site, with the 
presence of BTEX related to MGP wastes on Siltronic Site, or with releases of fuel-related products 
on the Kinder Morgan/Willbridge Site.  Uncertainties concerning the distribution of VOCs on the 
Arkema Site remain, however, because investigations performed at the Arkema Site to date have not 
been designed to define VOC distributions at depth on Lots 1 and 2, Arkema contributions to near-
River groundwater cannot be fully evaluated. 

Sixty-eight VOCs were detected in the Fine-Grained Alluvium groundwater; 55 were detected above 
their respective SLVs (Table J-5 in Appendix J).  These 55 VOCs were carried forward to Tier 2 
screening.   

Potential COI Identification and Tier 1 – SLV Comparison 

Two VOCs (toluene and vinyl chloride) were assigned a medium priority and progressed to the Tier 3 
WOE evaluation.  All others were screened out in the Tier 2 Source and Pathway Identification 
screening for the following reasons:  1) 15 VOCs were not detected in the RP source areas.  Vinyl 
chloride was not removed from the Tier 2 screening as it is produced by reductive dechlorination of 
trichloroethene and trichloroethene was detected in the RP source area;  2)  nine were not detected at 
the Riverbank, and eight of these do not have a potential for future Riverbank exceedance because 
they were not detected in wells directly upgradient;  3)  29 COIs were not continuously present 
between RP source areas and the Riverbank, and most of these do not have a potential for future 
Riverbank exceedance because they are not detected in wells directly upgradient of the Riverbank 
and/or are not considered mobile; and  4) one of the remaining three VOCs did not exceed the DEQ-

Tier 2 – Source and Pathway Identification   
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directed SLV at the Riverbank.  The 12 VOCs that have the potential for future exceedance at the 
Riverbank were not carried forward because the low concentrations at the monitoring wells upgradient 
of the Riverbank suggest that these COIs do not pose a potential for a future exceedance.   

There are non-RP sources of these potential COIs to this pathway.  As described in Section 3.2 and 
Section 8.4, non-RP sources of COIs contributing to the Fine-Grained Alluvium groundwater and 
immediately surrounding area include: DDT manufacturing and other processes at the Arkema Site 
(chlorobenzene, trichloroethene), historical MGP waste disposal at the Gasco and Siltronic sites 
(BTEX), the Kinder Morgan/Santa Fe Pacific Pump Station and Pipeline Site (BTEX), runoff from 
Highway 30 (BTEX, MTBE), and the general industrial use of VOCs as solvents, in fuels, and in 
chemical manufacturing (Section 3.2). 

Sixty-five VOCs were assigned a low priority because they were screened out in the Tier 1 SLV 
Comparison or Tier 2 Source and Pathway Identification.  One VOC was assigned a low priority 
because it exhibits a low SLV exceedance.  Two VOCs (toluene and vinyl chloride) were assigned 
medium priority, as they did not meet the criteria for a low or high priority COI, and were carried 
forward to the WOE evaluation.   

Pathway Priority Evaluation 

The two VOCs included in the WOE evaluation, toluene and vinyl chloride, were further evaluated to 
determine if these VOCs should be retained as COPCs for consideration in a potential SCAA. 

Tier 3 – WOE Evaluation 

Toluene exceeds its SLV at the Riverbank in three monitoring wells located on the Siltronic Site.  
Monitoring wells WS-11-125 and WS-14-125 are screened at a depth consistent with impacts from 
MGP disposal on the Siltronic Site and are not consistent with an RP source.  The third location, RP-
07-55, has exhibited two detections out of five sampling events, and only one exceeded the SLV.  
Furthermore, concentrations from RP source areas quickly decrease to below the SLV along the 
groundwater flow path prior to reaching the Riverbank.  Other sources that may have contributed 
toluene to soil and groundwater in the area include disposal of MGP waste at Gasco, disposal of sand 
with organic resin binders at ESCO, disposal of waste sludges at Arkema, leaking ASTs and USTs at 
the Kinder Morgan/Willbridge Site, and leaking USTs at the Jinkz Gas Station.  Based on the location 
of SLV exceedances relative to other known sources of toluene in the vicinity of the RP property, and 
decreases in concentrations below the SLV from RP source areas to the Riverbank, this COI has 
been assigned a low priority for the RP SCE.  In strict accordance with the DEQ-approved screening 
process, this COPC is being carried forward for consideration as medium-priority COPC in a potential 
SCAA to be performed by parties other than RP.    
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Vinyl chloride exceeds its SLV at multiple monitoring wells along the Riverbank.  The highest 
exceedances are detected in monitoring well WS-11-125, screened at a depth consistent with 
releases of trichloroethene from Siltronic.  Vinyl chloride does exceed the SLV from RP source areas 
along the groundwater flow path to the Riverbank.  Exceedance ratios at the Riverbank associated 
with the RP source areas are generally greater than 500 times the SLV.  For these reasons, vinyl 
chloride retains a medium-priority.  

16.3.3.2 SVOCs 

No SVOCs were carried forward to a potential SCAA based on measured concentrations, lack of 
continuity of the COI from RP sources to the Riverbank, and lack of potential for future exceedances 
from an RP source.  The nature and extent and fate and transport of SVOCs at the RP property and 
vicinity were discussed in Section 8.5.   

The only SVOCs used in historical manufacturing or formulation operations at the RP property were 
phenol and chlorophenols.  Other potential sources of SVOCs at the RP property are fuel storage, 
handling, and use; vehicle maintenance activities; and the filling of former Doane Lake with imported 
soil and fill material including material from surrounding industrial properties.  Potential RP SVOC 
source areas are located in the vicinity of known tank farms, waste management areas, and 
manufacturing operations in the HA, and in areas where NAPL is known to be present.   

Historical investigations have identified SVOC releases on the RP property and surrounding 
properties that have occurred throughout their industrial history.  SVOC releases at the RP property 
have a distribution that is distinct from releases of SVOCs at vicinity properties (Section 8.5) and, 
therefore, do not overlap with the presence of PAHs related to MGP wastes on Siltronic Site or with 
releases on surrounding properties.   

Sixty-three SVOCs were detected in the Fine-Grained Alluvium groundwater; 55 were detected above 
their respective SLVs (Table J-5 in Appendix J).  Three SVOCs, 2,6,-dichloro-4-methylphenol, 2,6,-
dichlorobenzothiazole, and 3-chlorophenol had insufficient data and were not carried forward in the 
screening process.  Therefore, 52 SVOCs were carried forward to Tier 2 screening.   

Potential COI Identification and Tier 1 – SLV Comparison 

No SVOCs were carried forward from Tier 2 Source and Pathway Identification screening or were 
retained as COPCs for the Fine-Grained Alluvium groundwater pathway.  In Tier 2 screening, six 
SVOCs were not detected in the RP source areas.  Twenty-one were not detected at the Riverbank 
and do not have a potential for future exceedance because they were not detected in wells directly 

Tier 2 – Source and Pathway Identification  
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upgradient from the Riverbank and/or are not considered mobile.  Twenty-eight SVOCs were not 
continually present between the RP source areas and the Riverbank, and do not have a potential for 
future exceedance because they were not detected in wells directly upgradient from the Riverbank 
and/or are not considered mobile. 

There are non-RP sources of these potential COIs to this pathway.  As described in Section 3.2 and 
Section 8.5, non-RP sources of SVOCs contributing to the Fine-Grained Alluvium groundwater and 
immediately surrounding area include: MGP waste associated with former Gasco operations and 
waste disposal practices on the Siltronic and BNSF sites.  Additional SVOC sources in the vicinity 
include fill material historically placed in areas of former Doane Lake now occupied by ESCO; River 
dredge spoils used as fill at the Siltronic and Arkema sites; runoff from Highway 30 and BNSF railroad 
tracks; bulk fuel storage and transfer activities on the Kinder Morgan/Willbridge Site, former 
operations at the Koppers, NL/Gould, and Schnitzer/Air Liquide; use of herbicides such 2,4-D and 
2,4,5-T that can degrade to form 2,4-dichlorophenol; and general use of SVOCs in fuels. 

All SVOCs were assigned a low priority because they screened out in Tier 1 SLV Comparison or Tier 
2 Source and Pathway Identification. 

Pathway Priority Evaluation 

No WOE evaluation for SVOCs was conducted as no SVOCs progressed from Tier 2 Source and 
Pathway Identification. 

Tier 3 - WOE Evaluation 

16.3.3.3 Herbicides 

No herbicides were carried forward to a potential SCAA based on measured concentrations, lack of 
continuity of the COI from RP sources to the Riverbank, and lack of potential for future exceedances 
from an RP source.  The nature and extent and fate and transport of herbicides at the RP property 
and vicinity were discussed in Section 8.6.  

A limited set of herbicides was manufactured, packaged or formulated at the RP property.  
Manufacturing was discontinued by 1982 with the exception of bromoxynil, which was discontinued in 
1990.  The primary herbicides manufactured included 2,4-D, Silvex, 2,4,5-T, Bromoxynil, dichlorprop, 
MCPA, and MCPP.  Some herbicide components were also packaged at the property for shipment to 
other manufacturers.  2,4,5-T was manufactured for a limited time between 1960 and 1962.  Because 
of the widespread application of herbicides, these chemicals may have been used and stored at many 
facilities and were routinely used along roadways (including Highway 30) and in landscapes for weed 
control.   
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Historical investigations have identified herbicide releases on the RP property and surrounding 
properties that have occurred throughout their industrial history.  Herbicide releases at the RP 
property have a distribution that is distinct from uses of herbicide at vicinity properties (Section 8.6). 

Twelve herbicides were detected in the Fine-Grained Alluvium groundwater; 11 exceeded the DEQ-
directed SLVs (Table J-5 in Appendix J) and were carried forward into Tier 2 screening.   

Potential COI Identification and Tier 1 – SLV Comparison 

No herbicides were carried forward from Tier 2 Source and Pathway Identification screening or were 
retained as COPCs for the Fine-Grained Alluvium groundwater pathway.  Three were not detected at 
the Riverbank.  Seven of the remaining eight herbicides were not continuously present between RP 
source areas and the Riverbank and most of these were determined not to have a potential for future 
Riverbank exceedance because they were not detected in wells directly upgradient from the 
Riverbank and/or are not considered mobile.  One herbicide, dichlorprop, was found to be 
continuously present and progressed to Pathway Priority Evaluation.   

Tier 2 – Source and Pathway Identification  

There are non-RP sources of these potential herbicides to this pathway.  As described in Section 3.2 
and Section 8.6, non-RP sources of herbicides contributing to the Fine-Grained Alluvium groundwater 
and immediately surrounding area include widespread application of herbicides along roadways 
(including N.W. Front Avenue) and in landscapes for noxious weed control. 

Eleven herbicides were assigned a low priority because they were screened out in the Tier 1 SLV 
Comparison or Tier 2 Source and Pathway Identification.  One herbicide, dichlorprop, was assigned a 
low priority because it has a low SLV exceedance.  

Pathway Priority Evaluation 

No WOE evaluation for herbicides was conducted as no herbicides progressed from Tier 2 Source 
and Pathway Identification. 

Tier 3 - WOE Evaluation 

16.3.3.4 OCIs 

No OCIs were carried forward to a potential SCAA based on measured concentrations, lack of 
continuity of the COI from RP sources to the Riverbank, and lack of potential for future exceedances 
from an RP source.  The nature and extent and fate and transport of OCIs at the RP property and 
vicinity were discussed in Section 8.7.  
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OCIs were formulated in the IA from 1945 (StarLink, 2009) until 1969 (EMCON, 1992).  OCIs 
historically used in formulation and manufacturing operations in the IA (Table 2-C) are:  aldrin, BHCs, 
chlordane, DDx, dieldrin, endosulfans, endrin, heptachlor, hexachlorobenzene, and toxaphene.  RP 
property source areas for OCIs are former operations areas in the IA and potential waste 
management areas in the LADD area.  OCI sources from other properties in the vicinity of RP include 
historical DDT and lindane manufacturing at Arkema; historical DDT formulation at Kinder 
Morgan/Willbridge; filling of former Doane Lake with fill material sourced from vicinity industrial 
properties; use of OCIs for insect control in the general area; runoff containing OCIs from surrounding 
property owners including ESCO, NL/Gould, Schnitzer/Air Liquide, and RP; and use of potential River 
dredge materials as fill on the Siltronic and Arkema sites that potentially contained OCIs from Arkema 
or up-River sources.   

Historical investigations have identified OCI releases on the RP property and surrounding properties 
that have occurred throughout their industrial history.  OCI releases at the RP property have a 
distribution that is distinct from releases of OCIs at vicinity properties (Section 8.7), and therefore do 
not overlap with the presence of DDx related to manufacturing and disposal by Arkema on their 
property or with releases and uses on surrounding properties. 

Thirty-three OCIs were detected in the Fine-Grained Alluvium groundwater; 25 were detected above 
their respective DEQ-directed SLVs (Table J-5 in Appendix J).  The 25 OCIs were carried forward to 
Tier 2 screening.  One OCI, octachlorostyrene, does not have an applicable SLV and therefore was 
not carried forward to Tier 2, in accordance with the screening process. 

Potential COI Identification and Tier 1 – SLV Comparison 

No OCIs were carried forward from Tier 2 Source and Pathway Identification screening or were 
retained as COPCs for the Fine-Grained Alluvium groundwater pathway.  Two of the 25 OCIs 
screened in Tier 2 were not detected at the Riverbank and do not have a potential for future 
exceedance because they are not detected in wells directly upgradient of the Riverbank.  The 
remaining 23 OCIs were detected at the Riverbank, but are not continually present between RP 
source areas and the Riverbank, and all but two do not have a potential for future exceedance 
because they were not detected in wells directly upgradient of the Riverbank and/or are not 
considered mobile.  These two OCIs were not carried forward to the Tier 3 WOE evaluation because 
the low concentrations at the monitoring wells upgradient of the Riverbank suggest that these COIs do 
not pose a potential for a future exceedance. 

Tier 2 – Source and Pathway Identification  



 

AMEC Earth & Environmental, Inc. 
554 Project No.:  0-61M-107030/Phase 0104/T6 
 K:\10000\10700\10703\0100 RI-FS-ROD\0104 RI Report\Draft RI\RI-SCE Report.Docx 

There are non-RP sources of these potential herbicides to this pathway.  As described in Section 3.2 
and Section 8.7, non-RP sources of OCIs contributing to the Fine-Grained Alluvium groundwater and 
immediately surrounding area include: historical DDT and lindane manufacturing at Arkema; filling of 
former Doane Lake with fill material sourced from vicinity industrial properties; use of OCIs for insect 
control in the general area; runoff containing OCIs from surrounding property owners including ESCO, 
NL/Gould, Schnitzer/Air Liquide, and RP; and potential use of River dredge materials as fill on the 
Siltronic and Arkema sites that potentially contained OCIs from Arkema or up-River sources. 

All OCIs were assigned a low priority because they screened out in the Tier 1 SLV Comparison or Tier 
2 Source and Pathway Identification. 

Pathway Priority Evaluation 

No WOE evaluation for OCIs was conducted as no OCIs progressed from Tier 2 Source and Pathway 
Identification. 

Tier 3 - WOE Evaluation 

16.3.3.5 PCDDs/PCDFs 

No PCDDs/PCDFs were carried forward to a potential SCAA based on measured concentrations, lack 
of continuity of the COI from RP sources to the Riverbank, and lack of potential for future 
exceedances from an RP source.  The nature and extent and fate and transport of PCDDs/PCDFs at 
the RP property and vicinity were discussed in Section 8.9.   

In the RP property vicinity, the presence of PCDDs/PCDFs in environmental media is a result of 
contribution from a number of sources that include inadvertent production as part of the chlorinated 
phenol chemistry conducted for the manufacture of herbicides, operation of furnace and boilers on a 
number of neighboring properties including combustion of PCB-containing fuel oils, historical 
chloralkali manufacturing processes, placement of dredge spoils from the River for landfilling, 
secondary lead smelting, lead cable sweating, auto-shredder fluff disposal, atmospheric deposition 
concentrated in stormwater run-off, and extensive continued generation of PCDDs/PCDFs from 
gasoline/diesel engines and industrial wood combustion (Cleverly et al., 2003). 

PCDDs/PCDFs in soil and groundwater in the vicinity of the RP property remain localized near source 
areas, and do not track well with other more soluble and/or mobile constituents (e.g., chlorinated 
benzenes) originating at the RP property.  PCDDs/PCDFs are present in groundwater beneath the RP 
property as well as at other locations within the RP property vicinity, typically with varied congener 
profiles.  This distribution is indicative of multiple sources of PCDDs/PCDFs to groundwater, and not 
of migration from the RP property. 
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Seventeen PCDD/PCDF congeners were detected in the Fine-Grained Alluvium groundwater (Table 
J-5 in Appendix J).  The detections exceeded applicable DEQ-directed SLVs, and the potential COIs 
moved forward to Tier 2 screening.   

Potential COI Identification and Tier 1 – SLV Comparison 

No PCDD/PCDF congeners were carried forward from Tier 2 Source and Pathway Identification 
screening or were retained as COPCs for the Fine-Grained Alluvium groundwater pathway.  The 17 
PCDD/PCDF congeners screened in Tier 2 were detected at the Riverbank wells.  However, none are 
continuously present between RP source areas and the Riverbank, and they do not to have a 
potential for future exceedance because they are not detected in wells directly upgradient of the 
Riverbank and/or are not considered mobile.     

Tier 2 – Source and Pathway Identification  

There are non-RP sources of these potential COIs to this pathway.  As described in Section 3.2 and 
Section 8.9, non-RP sources of PCDDs/PCDFs contributing to the Fine-Grained Alluvium 
groundwater and immediately surrounding area include: historical operations at the former NL/Gould 
Site that would generate PCDD/PCDF from secondary lead battery smelting, sweating of cable 
wrapped in either plastic or PCB-coated paper for lead and copper recovery, or burning of plastic 
battery casings; historical auto fluff processing operations on Schnitzer/Air Liquide Site that would 
generate PCDD/PCDF including likely burning of auto fluff for metals recovery; historical operations at 
the Arkema Site; widespread use of pentachlorophenol-treated wood products; River dredge materials 
containing PCDDs/PCDFs from the wood preservative product wastes from the McCormick & Baxter 
Site in former Doane Lake, as well as on the Arkema, Siltronic, and other sites; and  miscellaneous 
sources including exhaust from diesel-powered trucks and railroad locomotives and use of industrial 
boilers or furnaces on multiple properties in the vicinity of the RP property. 

All PCDDs/PCDFs were assigned a low priority because they screened out in Tier 1 SLV Comparison 
or Tier 2 Source and Pathway Identification. 

Pathway Priority Evaluation 

No WOE evaluation for PCDDs/PCDFs was conducted as no PCDDs/PCDFs progressed from Tier 2 
Source and Pathway Identification.   

Tier 3 - WOE Evaluation 
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16.3.3.6 PCBs 

No PCBs were carried forward to a potential SCAA based on measured concentrations, lack of 
continuity of the COI from RP sources to the Riverbank, and lack of potential for future exceedances 
from an RP source.  The nature and extent and fate and transport of PCBs at the RP property and 
vicinity were discussed in Section 8.10.   

Historical records concerning presence and use of PCBs at the former RP property show that 
potential sources of PCBs are limited to eight transformers formerly in the HA and IA and possible use 
of small amounts of heat transfer fluid that may have contained PCBs during a short period of time 
(Section 2).  PCB concentrations in groundwater do not indicate downgradient transport of PCBs from 
potential source areas at the RP property.  The nature and distribution of PCBs detected in 
groundwater provide evidence that these PCBs are related to distinct sources, and that the RP 
property is not a source of PCBs in groundwater near N.W. Front Avenue or the River.   

PCB sources from other properties in the vicinity of the RP property include historical auto fluff 
processing operations, transformers, and waste compressor oil on Schnitzer/Air Liquide property,  
historical operations (including cable sweating and transformers) at the former NL/Gould Site, burning 
of PCB-containing waste oil on the Arkema Site, the BPA substation and transformers located on the 
Arkema Site, and placement of River dredge spoils containing wastes from multiple sources, which 
were used for fill in former Doane Lake and on the Arkema, Siltronic, and BNSF sites. 

PCB congeners 77, 105, 114, 118, 156/157, 167, 189, and total PCBs (inferred Aroclor 1242) were 
detected in the Fine-Grained Alluvium groundwater.  All but PCB 189 exceeded the applicable DEQ-
directed SLV, and the potential COIs were carried forward to Tier 2 screening. 

Potential COI Identification and Tier 1 – SLV Comparison 

No PCBs were carried forward from Tier 2 Source and Pathway Identification screening or retained as 
COPCs for the Fine-Grained Alluvium groundwater pathway.  The RP source area dataset did not 
include analysis of groundwater for PCB congeners 77, 105, 114, 118, 156/157, and 167, and these 
were carried forward.  However, these PCBs were not continuously present between the RP source 
areas and the Riverbank, and do not have a potential for future exceedance.  Total PCBs, based on 
inferred Aroclor 1242, were not detected at the Riverbank.  

Tier 2 – Source and Pathway Identification  

There are non-RP sources of these potential COIs to this pathway.  As described in Section 3.2 and 
Section 8.10, non-RP sources of PCBs contributing to the Fine-Grained Alluvium groundwater and 
immediately surrounding area include: historical auto fluff processing operations, transformers, and 
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waste compressor oil on Schnitzer/Air Liquide property, capacitors used in BNSF locomotives prior to 
the mid-1980s, historical operations (including cable sweating and transformers) at the former 
NL/Gould Site; burning of PCB-containing waste oil on the Arkema Site, the BPA substation and 
transformers located on the Arkema Site, potential placement of River dredge spoils containing 
wastes from multiple sources, which were used for fill in former Doane Lake and at Arkema, Siltronic, 
and BNSF sites; and urban/roadway runoff from U.S. Highway 30 and N.W. Front Avenue. 

All PCBs were assigned a low priority because they screened out in Tier 1 SLV Comparison or Tier 2 
Source and Pathway Identification. 

Pathway Priority Evaluation 

No WOE evaluation for PCBs was conducted as no PCBs progressed from Tier 2 Source and 
Pathway Identification.   

Tier 3 - WOE Evaluation 

16.3.3.7 Petroleum Hydrocarbons 

No petroleum hydrocarbons were carried forward to a potential SCAA based on measured 
concentrations, lack of continuity of the COI from RP sources to the Riverbank, and lack of potential 
for future exceedances from an RP source.  The nature and extent and fate and transport of 
petroleum hydrocarbons at the RP property and vicinity were discussed in Section 8.11.   

Petroleum hydrocarbons are detected in groundwater at all properties within the vicinity of the RP 
property.  Petroleum hydrocarbons are most commonly detected in the Artificial Fill or in the 
uppermost portion of the Fine-Grained Alluvium where the Artificial Fill is absent.  This is consistent 
with the sources of petroleum hydrocarbons to groundwater, which are releases from a variety of 
heavy industrial uses, including fueling and equipment operation at multiple industrial facilities, the 
placement of fill in former Doane Lake, and the placement of dredge spoils on Arkema and Siltronic 
sites. 

Three petroleum hydrocarbons (diesel-range, gasoline-range, and residual-range hydrocarbons) were 
detected in the Fine-Grained Alluvium groundwater.  These potential COIs do not have an applicable 
DEQ-directed SLV or appropriate surrogate (Table J-5 in Appendix J).  Therefore, no petroleum 
hydrocarbons were carried through the screening process.   

Potential COI Identification and Tier 1 – SLV Comparison 
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No Tier 2 Source and Pathway Identification for petroleum hydrocarbons was completed because no 
petroleum hydrocarbons progressed from Tier 1 SLV Comparison. 

Tier 2 – Source and Pathway Identification 

Priority was not evaluated because no petroleum hydrocarbons passed on from Tier 1 SLV 
Comparison. 

Pathway Priority Evaluation 

No WOE evaluation for petroleum hydrocarbons was conducted as no petroleum hydrocarbons 
progressed from Tier 1 SLV Comparison. 

Tier 3 - WOE Evaluation 

16.3.3.8 Inorganics 

Six inorganics (total and dissolved boron, total and dissolved cadmium, dissolved copper, and total 
lead) were retained as medium-priority COPCs for a potential SCAA.  Total and dissolved arsenic 
were carried forward as high-priority COPCs although the widespread distribution of similar 
concentrations of arsenic across multiple properties in the RP property vicinity, and the lack of 
identifiable concentration gradients away from specific source areas, indicate that the arsenic in 
groundwater is likely related to the nature of formation or fill materials in the area.  The nature and 
extent and fate and transport of inorganics at the RP property and vicinity were discussed in Section 
8.12.   

The distribution of inorganic constituents in environmental media at the RP property and vicinity is 
widespread, as expected given the natural and anthropogenic sources of inorganics in the 
environment.  There is no discernible pattern or gradient to concentrations of inorganics in 
groundwater that suggests the presence of a coherent plume that originates in and moves away from 
any particular source area.  Although areas of higher concentration are evident in the data, these 
apparent source areas are surrounded by multiple data points with lower or nondetectable 
concentrations of the same element.  The LWG has made the same observation relative to the lack of 
any evident distributional pattern in the upland groundwater evaluation provided in the Draft RI Report 
(LWG, 2009).  Furthermore, River sediments and local soils are documented to contain native 
concentrations of a number of metals that are present in environmental media at the RP property and 
vicinity.   
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Twenty-nine total inorganics and 25 dissolved inorganics were detected in the Fine-Grained Alluvium 
groundwater (Table J-5 in Appendix J).  Dissolved antimony, molybdenum (total and dissolved), and 
potassium (total and dissolved) did not exceed the applicable DEQ-directed SLVs and were not 
carried forward to the Tier 2 screening evaluation.  One inorganic, total uranium, was determined to 
have insufficient data (six sampling locations) for decision making in the screening evaluation and was 
not carried forward in the screening evaluation.  The remaining potential inorganic COIs were carried 
forward to Tier 2 in the screening process.  

Potential COI Identification and Tier 1 – SLV Comparison 

Tier 2 – Source and Pathway Identification 

Of the 26 total inorganics screened in Tier 2, one total inorganic, cyanide (potentially related to MGP 
wastes from historical Gasco operations), was not detected at the Riverbank and one inorganic, 
hexavalent chromium, and was not detected in RP source areas.  One inorganic constituent, tin, was 
not tested for in RP source areas or the Riverbank.  However, based on available groundwater data, 
tin was not continuously present between the RP source areas and the Riverbank, and does not have 
a potential for future exceedance.  Five total inorganics were not continuously present between the 
RP source areas and the Riverbank and do not to have a potential for future exceedance because 
they were not considered mobile.   

Total Inorganics 

Of the 22 dissolved inorganics screened in Tier 2, four dissolved inorganics were not continuously 
present between the RP source areas and the Riverbank and do not have a potential for future 
exceedance because they are not considered mobile.  One dissolved inorganic does not exceed its 
SLV at the Riverbank and does not have a potential for future exceedance because it is not 
considered mobile.   

Dissolved Inorganics  

There are non-RP sources of these potential COIs to this pathway.  As described in Section 3.2 and 
Section 8.12, non-RP sources of inorganics contributing to the Fine-Grained Alluvium groundwater 
and immediately surrounding area include: leaching of native inorganic constituents from formation 
materials, disposal of battery casings, battery acid, and secondary lead smelter residuals on the 
NL/Gould Site, disposal of MGP waste on the BNSF and Siltronic sites, disposal of foundry sand in 
former Doane Lake by ESCO, historical auto fluff processing, acetylene manufacture, and other 
operations on Schnitzer/Air Liquide property, historical disposal activities by Arkema on its property, 
and potential placement of River dredge spoils containing wastes from the McCormick & Baxter Site, 
which was used for fill in former Doane Lake, Arkema, Siltronic, and BNSF sites. 
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Pathway Priority Evaluation 

Eleven total inorganics were assigned a low priority because they screened out in Tier 1 SLV 
Comparison or Tier 2 Source and Pathway Identification.  Seven total inorganics were assigned a low 
priority because they have low SLV exceedances.  Ten total inorganics were assigned medium 
priority, as they did not meet the criteria for a low or high-priority COI, and were carried forward to the 
WOE evaluation.  Total arsenic was assigned a high priority, as it exceeded its DEQ-directed SLV by 
over a factor of 1,000 and met the other criteria for a high-priority COI.  However, if the maximum 
Riverbank detection for total arsenic were screened against the background level rather than the 
DEQ-directed SLV, the exceedance ratio would be approximately 44 rather than greater than 1,000.  
In strict accordance with the DEQ-approved screening process, total arsenic is carried forward to a 
potential SCAA, although the widespread distribution of similar concentrations of arsenic across 
multiple properties in the vicinity of RP, and the lack of identifiable gradients away from specific 
source areas, indicate that the arsenic in groundwater is likely related to the nature of formation or fill 
materials in the area. 

Total Inorganics 

Eight dissolved inorganics were assigned a low priority because they were screened out in the Tier 1 
SLV Comparison or Tier 2 Source and Pathway Identification.  Seven dissolved inorganics were 
assigned a low priority because they exhibit low SLV exceedances.  Nine dissolved inorganics were 
assigned medium priority, as they did not meet the criteria for a low or high-priority COI, and were 
carried forward to the WOE evaluation.  Dissolved arsenic was assigned a high priority, as it 
exceeded its DEQ-directed SLV by over a factor of 1,000 and met the other criteria for a high-priority 
COI.  However, if the maximum Riverbank detections for dissolved arsenic were screened against the 
background level rather than the DEQ-directed SLV, the exceedance ratio would be approximately 50 
rather than greater than 1,000.  In strict accordance with the DEQ-approved screening process, 
dissolved arsenic is carried forward to a potential SCAA, although the widespread distribution of 
similar concentrations of arsenic across multiple properties in the RP property vicinity, and the lack of 
identifiable gradients away from specific source areas, indicate that the arsenic in groundwater is 
likely related to the nature of formation or fill materials in the area. 

Dissolved Inorganics 

The WOE evaluation for inorganics includes screening the potential COIs against DEQ-approved site-
specific background inorganic values (Table J-3 in Appendix J).  All of the 10 total and 9 dissolved 
inorganics in the Fine-Grained Alluvium dataset retained for screening in the WOE exceeded the 
background levels and were carried forward for further WOE evaluation.   

Tier 3 – WOE Evaluation 
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Total and Dissolved Aluminum – Aluminum was not used in the manufacturing processes at the RP 
property (Table 2-C), but is present at percent (%) levels in native soils and River sediments.  
Aluminum has been identified as a compound disposed of at the ESCO property and is listed as a 
COI for that site (Table 3-A and Appendix L).  Aluminum is also present in the Willamette River 
dredge materials (Table 3-A and Appendix L).   

The highest concentration of total aluminum was associated with monitoring well W-07-I(54) in the 
multi-source Doane Lake.  Twenty-eight percent of the total aluminum detections in the Fine-Grained 
Alluvium dataset exceed the background value; however, the majority of these detections do not 
exceed by more than 5 times the background value.  Concentrations of total aluminum above the 
background value do not suggest a single source as there is not a distinct plume along a groundwater 
flow path from areas of higher concentrations. 

The highest concentration of dissolved aluminum was associated with RP-14-11 on the Arkema Site.  
Sixty percent of the dissolved aluminum detections in the Fine-Grained Alluvium dataset exceed the 
background value, however, only one third of these detections exceed by more than 5 times the 
background value.  The frequency of detections and concentration values of dissolved aluminum 
suggest that Arkema contributes the largest mass loading to the Riverbank.   

Total and dissolved aluminum concentrations have been reported above background concentrations 
at Arkema, BNSF, ESCO, City, NL/Gould, and Siltronic sites, as well as within the multi-source Doane 
Lake.  Based on the lack of discernable contaminant plumes from RP sources to the Riverbank, and 
the lack of routine detections of total and dissolved aluminum at all Riverbank monitoring wells above 
the background value, this COI has been assigned a low priority for the RP SCE.  Source control for 
aluminum is not necessary as levels appear consistent with background near the River. 

Total and Dissolved Barium – Barium was not used in the manufacturing processes at the RP 
property (Table 2-C), and is documented to be present in native Oregon soils and River sediments at 
concentrations in the hundreds of mg/kg.  Industrial processes that may have contributed barium to 
groundwater in the area include asphalt production at Kinder Morgan, disposal of ESCO foundry 
waste, disposal of chlor-alkali production process waste from Arkema, disposal of shot blast waste 
from AirLiquide, and runoff from Highway 30 resulting from brake wear (Appendix L).   

The highest concentrations of total and dissolved barium were associated with historical monitoring 
well PP-03 (total) and existing monitoring well RP-08-80 (dissolved), both located on the Arkema Site.  
The majority (92%) of total and dissolved barium detections either do not exceed background or do 
not exceed by more than 10 times the background value.  Based on the low data set exceedance ratio 
compared to the background value, likely historical non-RP sources of barium to the area, and the 
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lack of historical use of barium at the RP property, this COI has been assigned a low priority for the 
RP SCE.  Source control for barium is not necessary, as levels are consistent with background near 
the Riverbank.   

Total and Dissolved Boron – Boron was not used in the manufacturing processes at the RP property 
(Table 2-C).  Boron has not been identified as a compound disposed of or used at other sites within 
the RP vicinity, but it has been identified as a COI within the Willamette River dredge materials (Table 
3-A).   

The highest concentration of total and dissolved boron was associated with monitoring well W-04-89 
located on the NL/Gould Site.  Forty-nine percent of the total boron detections in the Fine-Grained 
Alluvium dataset exceeded the background value.  Of these detections, only one-third of the total 
boron exceeded by more than 5 times the background value.  Nineteen percent of the dissolved boron 
detections in the Fine-Grained Alluvium dataset exceeded the background value, the majority of which 
did not exceed by more than 5 times the background value.   

Boron was detected most often and at the highest concentrations in wells on the Arkema Site.  Total 
and dissolved boron has been detected above background values at the Arkema, BNSF, City, 
NL/Gould, Metro, Kinder Morgan/Willbridge, Siltronic, and Schnitzer/Air Liquide sites, as well as the 
multi-source former Doane Lake, suggesting that there is not a single source of this compound.  
Based on the distribution of total and dissolved boron detections and the concentrations above the 
background values, these COIs have been assigned a low priority for the RP SCE.  The need for 
source control for this inorganic should be evaluated by others located closer to the River, including 
Arkema.  In strict accordance with the DEQ-approved screening process, these COPCs are being 
carried forward as medium-priority COPCs for consideration in a potential SCAA related to the Fine-
Grained Alluvium pathway. 

Total and Dissolved Cadmium – Cadmium was not used in the manufacturing processes at the RP 
property (Table 2-C).  Industrial processes that may have contributed cadmium to soil and 
groundwater in the area include overflow from the City Guild’s Lake Pump station, road runoff from 
Highway 30, the N.W. Front Avenue utility corridor, pigments used at GS Roofing, dust waste from 
ESCO, spent processing waste from Gasco’s MGP operations, spent graphite anodes, graphite 
sludge, and chlorate cell wash from Arkema processes, process waste from NL/Gould, and 
contaminated soils at the Willbridge Terminal (Appendix L).   

The highest concentrations of total and dissolved cadmium were associated with monitoring well W-
19-I(49) on Arkema Site.  The majority of the highest detections of total and dissolved cadmium were 
in monitoring wells on the Arkema Site.  The pattern of higher detections on the Arkema Site relative 
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to the RP property, and the fact that these detections were from Arkema Riverbank wells, indicates 
that this property may be a source of total and dissolved cadmium to the River.   

The majority (76%) of total and dissolved cadmium detections either do not exceed background or do 
not exceed by more than 10 times the background value.  Based on the higher detections found on 
neighboring properties, the low data set exceedance ratio compared to the background value, likely 
historical non-RP sources of cadmium in the area, and the lack of historical use of cadmium at the RP 
property, this COI has been assigned a low priority for the RP SCE.  In strict accordance with the 
DEQ-approved screening process, these COPCs are being carried forward as medium-priority 
COPCs for consideration in a potential SCAA related to the Fine-Grained Alluvium pathway.   

Total and Dissolved Iron – Iron was not used in the manufacturing processes at the RP property 
(Table 2-C), but is present at percent (%) levels in native soils and River sediments.  Industrial 
processes that may have contributed iron to the surrounding area include landfilled roofing wastes 
from GS Roofing, foundry dust and slag disposed at ESCO, landfilling activities at Metro, and waste 
from smelting activities at NL/Gould (Appendix L).   

The highest concentrations of total and dissolved iron were associated with historical monitoring well 
W-07-I(54) in the multi-source former Doane Lake and existing monitoring W-15-I(38) on the Metro 
property.  Eight of the highest ten total iron detections were found on properties other than RP, with 
Metro accounting for five of the highest ten.  Eight of the highest ten dissolved iron detections were 
found on properties other than RP, with NL/Gould accounting for four of the highest ten.  These 
patterns suggest that the RP property is not the largest contributor of iron to the River.  Based on the 
higher detections found on neighboring properties, likely historical non-RP sources of iron in the area, 
and the lack of historical use of iron at the RP property, these COIs have been assigned a low priority 
for the RP SCE.  Source control for iron is not necessary, as levels are consistent with background 
near the Riverbank. 

Dissolved Copper - Copper was not used in the manufacturing processes at the RP property (Table 2-
C).  Industrial processes that may have contributed copper to soil and groundwater in the area include 
copper granules, copper slag and washdown water from GS Roofing activities, spent oxide waste 
from MGP processing at Gasco, spent graphite anodes, graphite sludge, and chlorate cell wash from 
Arkema processes, cable sweating at the NL/Gould site, and Highway 30 road runoff (Appendix L).   

The highest concentration of dissolved copper was detected in monitoring well RP-09-35 on the 
Arkema Site.  Many of the highest detections of dissolved copper have been located on the Arkema 
Site.  The pattern of higher detections on the Arkema Site relative to the RP property indicates that 
the Arkema Site may be a source of dissolved copper to the River.  The majority (93%) of dissolved 
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copper detections either do not exceed background or do not exceed by more than 10 times the 
background value.  Based on the higher detections found on neighboring properties, the low data set 
exceedance ratio compared to the background value, likely historical non-RP sources of copper in the 
area, and the lack of historical use of copper at the RP property, this COI has been assigned a low 
priority for the RP SCE.  In strict accordance with the DEQ-approved screening process, this COPC is 
being carried forward as medium-priority COPC for consideration in a potential SCAA related to the 
Fine-Grained Alluvium pathway.  

Total Lead – Lead was not used in the manufacturing processes at the RP property (Table 2-C).  
Industrial processes that may have contributed lead to groundwater in the area include disposal of 
battery casings from NL/Gould, sludges and tank wastes from the Kinder Morgan/Willbridge Site, slag 
waste from GS Roofing, dust and slag waste buried at ESCO, spent oxide waste from MGP 
processes at Gasco and Siltronic, lead furnace pot operations, waste oil, and chlorine production 
waste from Arkema, and shot blast waste from Air Liquide (Appendix L).   

The highest concentrations of lead were associated with historical monitoring wells GM-S-1 and PP-
06 located near the NL/Gould property within the multisource former Doane Lake.  These samples 
were collected in 1987 and 1990 and have not been validated.  In fact, 85% of the highest 40 
detections in the dataset were from 1990 or earlier and have not been validated, suggesting a change 
in geochemical conditions at the site or changes in sampling protocol (e.g., EPA-approved low flow 
sampling techniques).  Nonetheless, the top 5 highest detections were found in GM-S-1, PP-06, and 
W-02-I, which are on or near the NL/Gould property.   

There is well documented disposal of battery casings from NL/Gould on their property and in the 
former Doane Lake.  In general, there is a very small amount of detections in the HA and IA source 
areas, further indicating that the RP property is not a contributor of lead to the River.  Based on the 
distribution of total lead (few detections in RP source area groundwater), the lack of historical usage 
of lead at the RP property, and the source of the exceedances in the Fine-Grained Alluvium data set 
being attributed primarily to NL/Gould and others activities in the RP property and vicinity, this COI 
has been assigned a low priority for the RP SCE.  In strict accordance with the DEQ-approved 
screening process, this COPC is being carried forward as medium-priority COPC for consideration in 
a potential SCAA related to the Fine-Grained Alluvium pathway. 

Total and Dissolved manganese – Manganese was not identified as a chemical used in the 
manufacturing processes at the RP property (Table 2-C), but is present at concentrations between 
100 mg/kg and 2,000 mg/kg in native soils and River sediments.  Manganese has been identified as a 
COI for the ESCO property and the Willamette River dredge materials (Table 3-A).   



 

AMEC Earth & Environmental, Inc. 
Project No.:  0-61M-107030/Phase 0104/T6 565 
K:\10000\10700\10703\0100 RI-FS-ROD\0104 RI Report\Draft RI\RI-SCE Report.Docx 

Highest concentrations of total and dissolved manganese in the Fine-Grained Alluvium groundwater 
dataset were associated with historical monitoring wells W-07-I(54) and W-07-D(69) in the multi-
source former Doane Lake.  Seventy-seven percent of the total manganese and 91% of dissolved 
manganese detections in the Fine-Grained Alluvium dataset exceed the background value; of these, 
nearly half are more than 5 times the background value.  Concentrations of total and dissolved 
manganese above the background value do not suggest a single source, as there is not a distinct 
plume along a groundwater flow path from these areas of higher concentrations.  Detections of total 
manganese exceeded background concentrations on the Arkema, BNSF, City, ESCO, NL/Gould, 
Kinder Morgan/Willbridge, Metro, Schnitzer/Air Liquide, and Siltronic sites, as well as the multi-source 
Doane Lake and area west of Highway 30, indicating that concentrations of manganese are occurring 
naturally in this area at a higher level than the background value would suggest.  Based on the wide-
spread distribution of total and dissolved manganese, the background exceedances in upgradient 
wells, and the constituent not being used in the manufacturing process at the RP property, these COIs 
have been assigned a low priority for the RP SCE.  Source control for manganese does not appear 
necessary, as levels appear consistent with background near the Riverbank. 

Total Nickel – Nickel was not a chemical used in the manufacturing processes at the RP property 
(Table 2-C).  Four surrounding properties have identified nickel as a COI: Arkema, GS Roofing, 
Gasco, and ESCO (Table 3-A).  In addition, nickel has been identified as a COI present in the 
Willamette River dredge materials (Table 3-A).   

The highest concentrations of total nickel were associated with historical monitoring well W-07-I(54) in 
the multi-source former Doane Lake.  Forty-three percent of the total nickel detections in the Fine-
Grained Alluvium dataset exceed the background value, however, only 12% of the detections exceed 
by more than 5 times the background value.  Total nickel was detected monitoring wells at the 
Riverbank, but only one sample was detected above the background value.  Detections of total nickel 
exceeded background concentrations at the Arkema, BNSF, City, ESCO, NL/Gould, Metro, and 
Siltronic sites, as well as within the multi-source former Doane Lake, suggesting that there is not a 
single source for this compound.  Based on the distribution of total nickel in RP vicinity properties, the 
low exceedance ratio compared to the background value at the Riverbank, the background 
exceedances in upgradient wells, and the constituent not being used in the manufacturing process at 
the RP property, this COI has been assigned a low priority for the RP SCE.  Source control for nickel 
does not appear warranted, as levels appear consistent with background near the Riverbank.  

Total and Dissolved Vanadium – Vanadium was not a chemical used in the manufacturing processes 
at the RP property (Table 2-C) but is present at concentrations between 150 mg/kg and 2,000 mg/kg 
in native soils and River sediments.  Industrial processes that may have contributed vanadium to soil 
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and groundwater in the area include sludges and tank wastes from the Kinder Morgan Site and 
foundry dust and slag at ESCO.  

The highest concentrations of total and dissolved vanadium were associated with historical monitoring 
well W-07-I(54) located in the multi-source former Doane Lake and existing monitoring well RP-14-26 
on the Arkema Site.  In general, there are very few detections of vanadium in the RP HA and IA 
areas, indicating that these areas are not a source of vanadium to the River.  The majority (95%) of 
total and dissolved vanadium detections in the SCE dataset either do not exceed background or do 
not exceed by more than 10 times the background value.  Furthermore, total and dissolved vanadium 
are not consistently detected above background in the majority of Riverbank wells.  Based on the 
higher detections found on neighboring properties, the low data set exceedance ratio compared to the 
background value, the lack of continuous presence above background between the RP property and 
the Riverbank, likely non-RP contributors of vanadium in the area, and the lack of historical use of 
vanadium at the RP property, this COI has been assigned a low priority for the RP SCE.  Source 
control for vanadium does not appear warranted, as levels appear consistent with background near 
the Riverbank. 

Total and Dissolved Zinc – Zinc has not been identified as a compound used in the manufacturing 
processes at the RP property (Table 2-C), but is present in River sediments and Oregon soils at 
native concentrations ranging from 50 mg/kg  to 200 mg/kg.  Zinc has been identified as a COI at 
Arkema, GS Roofing, Gasco, ESCO, NL/Gould, and the Kinder Morgan/Willbridge Site (Table 3-A).  
Zinc is also identified as a compound present in the Willamette River dredge materials (Table 3-A).   

The highest concentration of total zinc was associated with monitoring well RPW-05(40) in the RP HA.  
Forty-three percent of the total zinc detections in the Fine-Grained Alluvium dataset exceeded the 
background value; however, only one quarter of these exceeded the background value by 5 times.  
Dissolved zinc has been detected in wells screened in the Fine-Grained Alluvium within the RP 
source area; however, none of these detections exceeded the background concentration for dissolved 
zinc.  The highest concentration of dissolved zinc in the Fine-Grained Alluvium groundwater dataset 
was associated with monitoring well W-07-I(54) in the multi-source Doane Lake.  Twenty-nine percent 
of the dissolved zinc detections in the Fine-Grained Alluvium dataset exceeded the background value; 
however, only one quarter of these exceeded the background value by 5 times.   

Total and dissolved zinc have routinely been detected above the background value at the Riverbank.  
Total and dissolved zinc have been detected above background values in one sample from 
upgradient well W-18-I(55), indicating that the background value assigned for this compound may 
need to be reevaluated for the RP property and vicinity.  The Siltronic Site and multi-source Doane 
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Lake had the most detections and highest concentrations of zinc.  Detections of total and dissolved 
zinc exceeded background concentrations at the Arkema, BNSF, City, ESCO, NL/Gould, Metro, and 
Siltronic sites, as well as the multi-source Doane Lake and the area west of Highway 30, suggesting 
that there is not a single source for this constituent.   

Based on the distribution of zinc, the exceedance ratios, and routine detections of zinc at the 
Riverbank monitoring wells above background values, this COI has been assigned a low priority for 
the RP SCE.  Source control for zinc does not appear warranted, as levels appear consistent with 
background near the Riverbank.  

16.3.4 Fine-Grained Alluvium Pathway Priority 
The potential multi-source COIs retained as COPCs for the Fine-Grained Alluvium groundwater 
pathway are provided on Table 16-B.  The number of COPCs per constituent class is summarized 
below: 

● Two VOCs, toluene and vinyl chloride, were retained as medium-priority COPCs;  

● Six inorganics (total and dissolved boron, total and dissolved cadmium, dissolved copper, 
and total lead) were retained as medium-priority COPCs; and 

● Total and dissolved arsenic were retained as high-priority COPCs, although the 
widespread distribution of similar concentrations of arsenic across multiple properties in 
the RP property vicinity, and the lack of identifiable gradients away from specific source 
areas, indicate that the arsenic in groundwater is likely related to the nature of formation or 
fill materials in the area. 

Determining whether the Fine-Grained Alluvium pathway should be carried forward to a potential 
SCAA depends on the locations of constituent plumes at the Riverbank.  Groundwater plumes occur 
from sources on the Siltronic, RP, and Arkema sites.  The Siltronic groundwater pathway was 
evaluated in its SCE and recommends a potential SCAA for groundwater.  Groundwater impacts at 
the River from Arkema source areas are partially covered by Arkema’s SCE that addresses portions 
of Tract A, Lots 3 and 4.  Groundwater evaluation for Tract A, Lot 1 and 2 areas cannot be analyzed 
sufficiently for non-RP constituents with the data in the RP database, and further evaluation of the 
need for source control for these COPCs should be evaluated by Arkema.  

The remaining evaluation of the need for a potential SCAA for the groundwater pathway is limited to 
the area of RP COIs that are medium priority.  This is approximately the area between monitoring well 
clusters RP-02 to RP-11 near the Riverbank.  RP COIs are discernable within the lower portion of the 
Fine-Grained Alluvium, the Alluvial-colluvial Gravel, and upper portion of the CRBG.  COI movement 
follows groundwater flow as a single plume through these stratigraphic units.   
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The plume area should have a low priority except for that portion where DDx compounds, and 
potentially metals originating on the Arkema Site, overlap with the medium-priority VOCs, inorganics, 
and high-priority arsenic.  In the absence of the Arkema-related DDx compounds, the plume area, 
including the Fine-Grained Alluvium, would be low priority because:  

● There are no high-priority compounds detected in the RP dataset except arsenic.  There is 
no discernable pattern to the distribution of inorganics including arsenic, which is the only 
high-priority inorganic COPC.  Inorganics in the RP property and vicinity are naturally 
occurring at concentrations above the SLV.  The inorganic constituents present in 
groundwater are not attributable to a specific source(s) that would be addressed by source 
control. 

● The only medium-priority COPCs are two VOCs, and VOCs do no accumulate in 
sediments or biota.  

● The limited area of discharge and low loading from VOCs can be effectively addressed 
through the Portland Harbor in-River remedy, which is likely unnecessary if dilution is 
considered.  

● The area where DDx compounds are present at the Riverbank is not defined because of 
incomplete sampling and inadequate sampling methods by Arkema.  The area where DDx 
compounds are present in the Fine-Grained Alluvium groundwater pathway should remain 
a medium priority because:  

● DDx accumulates in sediment and biota.  

● DDx is a risk driver for the Portland Harbor in-River remedy.  

● There is a large source area adjacent to the Riverbank causing continued release of these 
compounds to the River in the Fine-Grained Alluvium pathway. 

16.4 GROUNDWATER – ALLUVIAL-COLLUVIAL GRAVEL  

This section presents the results of the screening evaluation of constituents for the Alluvial-Colluvial 
Gravel groundwater pathway.  This groundwater pathway is a current and potential future migration 
pathway to the River for limited RP and non-RP constituents from multiple sources.  RP-related COIs 
are detected in the Alluvial-Colluvial Gravel wells adjacent to the Riverbank, but do not contribute the 
highest concentrations from groundwater to the River.  The lateral extent of potentially RP-related 
COIs in this pathway at the Riverbank is restricted because the lateral extent of the Alluvial-Colluvial 
Gravel is laterally limited in the vicinity of the RP property.  Source control responsibility for this 
pathway, should it be considered appropriate, should be shared with those parties that contribute 
constituents to the Alluvial-Colluvial Gravel groundwater pathway, as described below.  The Alluvial-
Colluvial Gravel groundwater pathway is described in Section 6 (the CSM), Section 7 (Potential 
Pathways for the RI), and Section 15 (Potential Pathways to the River for SCE).   
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The screening evaluation assessed all potential COIs in the Alluvial-Colluvial Gravel pathway, 
regardless of source.  The dataset contained constituents in the following classes:  VOCs, SVOCs, 
herbicides, OCIs, PCDDs/PCDFs, PCBs, petroleum hydrocarbons, and total and dissolved inorganics.  
The Alluvial-Colluvial Gravel pathway screening identified nine medium-priority COPCs (1,2-
dichlorobenzene, 1,4-dichlorobenzene, vinyl chloride, and total and dissolved barium, boron, and 
cadmium) and two high-priority COPCs (total and dissolved arsenic) potentially carried forward to a 
potential SCAA.  The screening evaluation is presented on Table J-6 of Appendix J.  The potential 
COIs screened, their progression through the screening process, and COIs retained as COPCs for 
consideration in a potential SCAA are discussed below. 

Sources for COIs in the Alluvial-Colluvial Gravel groundwater at the Riverbank include Gasco waste 
disposed on the Siltronic and BNSF sites, River dredge material placed on Arkema, Siltronic, 
NL/Gould, and BNSF sites, waste materials used as fill on the Arkema Site, process wastes 
historically used and disposed of on the Arkema Site, and those that contributed to filling activities 
within the multi-source former Doane Lake.  These sources contributed COIs from the following 
chemical classes: VOCs, SVOCs, herbicides, OCIs, PCDDs/PCDFs, PCBs, petroleum hydrocarbons, 
and inorganics.   

16.4.1 Dataset 
The dataset for the Alluvial-Colluvial Gravel pathway included groundwater analytical results from 30 
wells screened in the Alluvial-Colluvial Gravel and sampled from 1982 through January 2010.  
Sampling locations are shown on Figure 16-B. 

Data quality for each of the constituent classes was considered as discussed in Section 16.1.1.  Data 
with adequate data quality were used.  Data with identified quality issues that rendered the data 
inappropriate for the SCE were excluded from the screening evaluation.  Data quality issues were 
identified for OCIs and PCDDs/PCDFs, as described in Section 8.7 and Section 8.9, respectively.  
The PCDD/PCDF data set (included in Appendix J, Table J-16) was limited to analytical data collected 
between July 2008 and January 2010 that included additional quality assurance protocols.  The OCIs 
data set (included in Appendix J, Table J-16) was limited to data analyzed using GC/HRMS from April 
2007 and January 2010. 

16.4.2 Screening Evaluation Process Variations 
The Alluvial-Colluvial Gravel is not present at the Riverbank in Regions 1 and 2 (Figures 6-T and 16-
B).  Therefore, a potential COI can only be present in Riverbank Regions 3 and 4 (north of the BNSF 
railroad tracks) for this pathway.  
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16.4.3 Screening Results   
The screening results are discussed by constituent class and then by each of the five screening steps 
as applicable.  The Alluvial-Colluvial Gravel pathway screening identified nine medium-priority COPCs 
(1,2-dichlorobenzene, 1,4-dichlorobenzene, vinyl chloride, total and dissolved barium, boron, and 
cadmium) and two high-priority COPCs (total and dissolved arsenic) potentially carried forward to a 
potential SCAA.  The mass of RP-related COPCs is small in comparison to the mass contributed by 
third party sources to the River because of the low concentrations and limited extent of groundwater 
from RP source areas moving through the Alluvial-Colluvial Gravel.  Arsenic is the only constituent 
assigned a high priority and significant uncertainty exists between anthropogenic levels versus 
naturally occurring concentrations.   

The Alluvial-Colluvial Gravel groundwater data are screened against the DEQ-directed SLVs provided 
in Appendix J.  The screening evaluation results are presented in Table J-6 of Appendix J.  The 
COPCs for the multi-source Alluvial-Colluvial Gravel groundwater pathway to be evaluated in a 
potential SCAA are summarized in Table 16-C.  Distribution figures for select COIs are presented in 
Appendix K. 

16.4.3.1 VOCs 

Three VOCs (1,2-dichlorobenzene, 1,4-dichlorobenzene, and vinyl chloride)  were carried forward to a 
potential SCAA.  The nature and extent and fate and transport of VOCs at the RP property and vicinity 
were discussed in Section 8.4.   

The RP source areas for VOCs are located in the vicinity of known tank farms, waste management 
areas and manufacturing operations in the HA, and in areas where NAPL is known to be present.  
The exception to this is for benzene, which appears to have isolated source areas distributed in both 
the HA and IA.  Several VOCs historically were used in formulation and manufacturing operations in 
the HA and IA (Table 2-C):  1,2-dichlorobenzene, benzene, acetone, methylene chloride 
(dichloromethane or DCM), toluene, xylenes, trichloroethene, tetrachloroethene, and isobutyl alcohol.   

Historical investigations have identified VOC releases on the RP property and surrounding properties 
that have occurred throughout their industrial history.  VOC releases at the RP property have a 
distribution that is distinct from releases of VOCs at vicinity properties (Section 8.4), and, therefore, do 
not overlap with the release of trichloroethene on Siltronic Site in their manufacturing area, with the 
presence of BTEX related to MGP wastes on Siltronic Site, or with releases of fuel-related products 
on Kinder Morgan/Willbridge Site.  Questions concerning distribution of VOCs on the Arkema Site 
remain, however, because investigations performed there at Arkema Site to date have not been 
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designed to define VOC distributions at depth on Arkema Lots 1 and 2.  Thus, Arkema contributions to 
near-River groundwater cannot be fully evaluated. 

Forty-seven VOCs were detected in the Alluvial-Colluvial Gravel groundwater; 36 were detected 
above their respective DEQ-directed SLVs (Table J-6 in Appendix J).  These 36 VOCs were carried 
forward to Tier 2 screening.   

Potential COI Identification and Tier 1 – SLV Comparison 

Three VOCs were assigned a medium priority and progressed to the Tier 3 WOE evaluation.  All 
others were screened out in the Tier 2 Source and Pathway Identification screening for the following 
reasons:  five VOCs were not detected in the RP source areas; however, vinyl chloride was retained 
in the Tier 2 screening as it is produced by reductive dechlorination of trichloroethene, which was 
detected in the RP source area.  Nine VOCs were not detected in groundwater at the Riverbank, and 
most of these do not have a potential for future exceedance because they are not detected in wells 
directly upgradient of the Riverbank and/or are not considered mobile.  Of the remaining 23 VOCs, 15 
were not continuously present between RP source areas and the Riverbank.  Of the ten VOCs 
continuously present, two did not exceed at the Riverbank and did not have a potential for a future 
exceedance because they are not detected in wells directly upgradient of the Riverbank at 
concentrations exceeding their SLVs.     

Tier 2 – Source and Pathway Identification 

There are non-RP sources of these COIs to this pathway.  As described in Section 3.2 and Section 
8.4, non-RP sources of COIs contributing to the Alluvial-Colluvial Gravel groundwater and 
immediately surrounding area include: DDT manufacturing and other processes at the Arkema Site 
(chlorobenzene and trichloroethene), historical MGP waste disposal at the Gasco and Siltronic sites 
(BTEX), the Kinder Morgan/Santa Fe Pacific Pipeline Site (BTEX), runoff from Highway 30 (BTEX and 
MTBE), and the general industrial use of VOCs as solvents, in fuels, and in chemical manufacturing 
(Section 3.2). 

Forty-one VOCs were assigned a low priority because they were screened out in the Tier 1 SLV 
Comparison or Tier 2 Source and Pathway Identification.  Two VOCs were assigned a low priority 
because they had a low SLV exceedance at the Riverbank.  Three VOCs, (1,2-dichlorobenzene, 1,4-
dichlorobenzene, and vinyl chloride) were assigned medium priority, as they did not meet the criteria 
for a low or high-priority COI.  

Pathway Priority Evaluation 
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The three VOCs included in the WOE evaluation, 1,2-dichlorobenzene, 1,4-dichlorobenzene, and 
vinyl chloride, were further evaluated to determine if these VOCs should be retained as COPCs for 
consideration in a potential SCAA. 

Tier 3 – WOE Evaluation 

The highest concentrations of 1,2-dichlorobenzene and 1,4-dichlorobenzene in the Alluvial-Colluvial 
Gravel groundwater dataset were detected in RP-04-48 in the NAPL affected area.  1,2-
Dichlorobenzene and 1,4-dichlorobenzene were detected in all Riverbank monitoring wells screened 
in the Alluvial-Colluvial Gravel.  1,2-Dichlorobenzene exceeded its SLV at the Riverbank in two of the 
three monitoring wells.  1,4-Dichlorobenzene exceeded its SLV at all three Riverbank monitoring 
wells.  The distribution of 1,2-dichlorobenzene and 1,4-dichlorobenzene concentrations above the 
SLV in the Alluvial-Colluvial Gravel that extends to the Riverbank is consistent with an RP source for 
these compounds.  Based on the exceedances of the SLV at the Riverbank, concentrations above the 
SLV from RP source areas to the Riverbank, these COIs have been assigned a medium-priority 
COPC for a potential SCAA.      

Vinyl chloride exceeds its SLV at multiple monitoring wells along the Riverbank.  The highest 
exceedance is that detected at W-19-D(68) on the Arkema Site.  Vinyl chloride does exceed the SLV 
from RP source areas along the groundwater flow path to the Riverbank.  Exceedance ratios at the 
Riverbank associated with the plume from the RP source areas are generally greater than 1,500 times 
the SLV.  For these reasons, vinyl chloride has been assigned a medium-priority COPC for a potential 
SCAA.  

16.4.3.2 SVOCs 

Only two SVOCs,1,2-dichlorobenzene and 1,4-dichlorobenzene, were retained through the Tier 1 SLV 
Comparison and Tier 2 Source and Pathway Identification.  These same compounds are part of the 
EPA Method 8260B analysis for VOCs and were also evaluated as part of the VOC chemical class.  
No SVOCs were carried forward to a potential SCAA.  The nature and extent and fate and transport of 
SVOCs at the RP property and vicinity were discussed in Section 8.5.   

The only SVOCs used in historical manufacturing or formulation operations at the RP property were 
phenol and chlorophenols.  Other potential sources of SVOCs at the RP property are fuel storage, 
handling, and use; vehicle maintenance activities; and the filling of former Doane Lake with imported 
soil and fill material including material from surrounding industrial properties.  Potential RP SVOC 
source areas are located in the vicinity of known tank farms, waste management areas, and 
manufacturing operations in the HA, and in areas where NAPL is known to be present.   
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Historical investigations have identified SVOC releases on the RP property and surrounding 
properties that have occurred throughout their industrial history.  SVOC releases at the RP property 
have a distribution that is distinct from releases of SVOCs at vicinity properties (Section 8.5) and 
therefore do not overlap with the presence of PAHs related to MGP wastes on Siltronic Site or with 
releases on surrounding properties.  

Twenty-eight SVOCs were detected in the Alluvial-Colluvial Gravel groundwater; 22 were detected 
above the DEQ-directed SLV (Table J-6 in Appendix J).  These 22 SVOCs were carried forward to 
Tier 2 screening.  One SVOC, 2,6-dichloro-4-methylphenol, was determined to have insufficient data 
(three samples) for decision making in the screening evaluation and was not carried forward in the 
screening process because other chemically similar chlorinated phenols with similar fate and transport 
properties that were detected at the RP source areas were not detected at the Riverbank.  

Potential COI Identification and Tier 1 – SLV Comparison 

No SVOCs were carried forward from Tier 2 Source and Pathway Identification screening or retained 
as COPCs for the Alluvial-Colluvial Gravel groundwater pathway.  In Tier 2 screening, 22 SVOCs 
were detected in the RP source areas, and these were carried forward for further evaluation in Tier 2.  
Fifteen SVOCs were not detected at the Riverbank and most were determined not to have a potential 
for future exceedance because they were not detected in wells directly upgradient of the Riverbank 
and/or are not considered mobile.  Four SVOCs that were detected at the Riverbank were not 
continuously present between the RP source areas and the Riverbank, and do not have a potential for 
future exceedance because they were not detected in wells directly upgradient of the Riverbank 
and/or are not considered mobile.  Three SVOCs (1,2-dichlorobenzene, 1,3-dichlorobenzene, and 
1,4-dichlorobenzene) were determined to be continuously present from an RP source to the 
Riverbank.   

Tier 2 – Source and Pathway Identification  

2,6-Dichloro-4-methylphenol was not analyzed at the source or at the Riverbank.  This SVOC was not 
carried forward for evaluation in a potential SCAA because another chemically-similar chlorinated 
phenol with similar fate and transport properties that was detected at the RP source areas was not 
detected at the Riverbank.  Specifically, 2,6-Dichloro-4-methylphenol has similar fate and transport 
characteristics to 4-chloro-3-methylphenol.  This COI, 4-chloro-3-methylphenol, was detected in the 
same RP source areas.  4-Chloro-3-methylphenol was not detected in Alluvial-Colluvial Gravel 
groundwater at the Riverbank and, therefore, 2,6-dichloro-4-methylphenol would also not be expected 
to be detected at Riverbank.  
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The lack of data for 2,6-dichloro-4-methylphenol at the Riverbank is a result of variations in laboratory 
analyte lists for the methods employed.  The lack of data for this COI is not expected to affect the 
overall conclusions regarding the need for source control relating to SVOCs.  There is no evidence 
that this COI is present in Alluvial-Colluvial Gravel groundwater at the Riverbank, as discussed in 
Section 8.5.  

There are non-RP sources of these potential COIs to this pathway.  As described in Section 3.2 and 
Section 8.5, non-RP sources of SVOCs contributing to the Alluvial-Colluvial Gravel groundwater and 
immediately surrounding area include MGP waste associated with former Gasco operations and 
waste disposal practices on the Siltronic and BNSF sites.  Additional SVOC sources in the vicinity 
include: fill material historically placed in areas of former Doane Lake now occupied by ESCO; 
potential River dredge spoils used as fill at the Siltronic and Arkema sites; runoff from Highway 30 and 
BNSF railroad tracks; bulk fuel storage and transfer activities on the Kinder Morgan/Willbridge Site; 
former operations at the Koppers, NL/Gould, and Schnitzer/Air Liquide sites; use of herbicides such 
2,4-D and 2,4,5-T that can degrade  to form 2,4-dichlorophenol; and general use of SVOCs in fuels. 

Twenty-five SVOCs were assigned a low priority because they were screened out in the Tier 1 SLV 
Comparison or Tier 2 Source and Pathway Identification.  1,3-Dichlorobenzene was assigned a low 
priority because it has a low SLV exceedance.  Two SVOCs, 1,2-dichlorobenzene and 1,4-
dichlorobenezne, were not further evaluated as they were screened in the Tier 3 WOE evaluation for 
the VOC chemical class.   

Pathway Priority Evaluation 

No WOE evaluation for SVOCs was conducted as no SVOCs progressed from Tier 2 Source and 
Pathway Identification and Pathway Priority Evaluation. 

Tier 3 – WOE Evaluation 

16.4.3.3 Herbicides 

No herbicides were carried forward to a potential SCAA based on measured concentrations, lack of 
continuity of the COIs from RP sources to the Riverbank, and lack of potential for future exceedances 
from an RP source.  The nature and extent and fate and transport of herbicides at the RP property 
and vicinity were discussed in Section 8.6.   

A limited set of herbicides was manufactured, packaged, or formulated at the RP property.  
Manufacturing was discontinued by 1982 with the exception of bromoxynil, which was discontinued in 
1990.  The primary herbicides manufactured included 2,4-D, Silvex, 2,4,5-T, Bromoxynil, dichlorprop, 
MCPA, and MCPP.  Some herbicide components were also packaged at the property for shipment to 
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other manufacturers.  2,4,5-T was manufactured for a limited time between 1960 and 1962.  Because 
of the widespread application of herbicides, these chemicals may have been used and stored at many 
facilities and were routinely used along roadways (including N.W. Front Avenue) and in landscapes 
for noxious weed control. 

Historical investigations have identified herbicide releases on the RP property and surrounding 
properties that have occurred throughout their industrial history.  Herbicide releases at the RP 
property have a distribution that is distinct from uses of herbicide at vicinity properties (Section 8.6). 

Ten herbicides were detected in the Alluvial-Colluvial Gravel groundwater; eight exceeded the DEQ-
directed SLVs (Table J-6 in Appendix J).  The eight herbicides were carried into Tier 2 screening.   

Potential COI Identification and Tier 1 – SLV Comparison 

Of the eight herbicides carried into Tier 2 screening, four were not detected at the Riverbank and do 
not have a potential for future Riverbank exceedances because they are not detected in wells directly 
upgradient of the Riverbank.  Two of the remaining four herbicides were determined not to be 
continuously present between the RP source areas and the Riverbank.  Two herbicides (dichlorprop 
and Silvex) progressed to the Pathway Priority Evaluation. 

Tier 2 – Source and Pathway Identification 

Eight herbicides were assigned a low priority because they screened out in Tier 1 or Tier 2.  Two 
herbicides, dichlorprop and Silvex, were assigned a low priority because they had a low SLV 
exceedance.  No herbicides progressed to Tier 3 WOE evaluation.   

Pathway Priority Evaluation 

No WOE evaluation for herbicides was completed because no herbicides progressed from Tier 1 SLV 
Comparison, Tier 2 Source and Pathway Identification, and Pathway Priority Evaluation. 

Tier 3 – WOE Evaluation 

16.4.3.4 OCIs 

No OCIs were carried forward to a potential SCAA based on detected concentrations, lack of 
continuity of the COI from RP sources to the Riverbank, and lack of potential for future exceedances 
from an RP source.  The nature and extent and fate and transport of OCIs at the RP property and 
vicinity were discussed in Section 8.7.  
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OCIs were formulated in the IA from 1945 (StarLink, 2009) until 1969 (EMCON, 1992).  OCIs 
historically used in formulation and manufacturing operations in the IA (Table 2-C) include: aldrin, 
BHCs, chlordane, DDx, dieldrin, endosulfans, endrin, heptachlor, hexachlorobenzene, and toxaphene.  
RP property source areas for OCIs are former operations areas in the IA and potential waste 
management areas in the LADD area.  OCI sources from other properties in the vicinity of the RP 
property vicinity include historical DDT and lindane manufacturing at Arkema; historical DDT 
formulation at Kinder Morgan/Willbridge; filling of former Doane Lake with fill material sourced from 
nearby vicinity industrial properties; use of OCIs for insect control in the general area; runoff 
containing OCIs from surrounding property owners including ESCO, NL /Gould, Schnitzer/Air Liquide, 
and RP; use of potential River dredge materials as fill on the Siltronic, BNSF, and Arkema sites that 
potentially contained OCIs from Arkema or up-River sources.   

Historical investigations have identified OCI releases on the RP property and surrounding properties 
that have occurred throughout their industrial history.  OCI releases at the RP property have a 
distribution that is distinct from releases of OCIs at nearby vicinity properties (Section 8.7) and, 
therefore, do not overlap with the presence of DDx related to manufacturing and disposal by Arkema 
on their Site or with releases and uses on surrounding properties. 

Twenty OCIs were detected in the Alluvial-Colluvial Gravel groundwater; ten were not detected above 
the DEQ-directed SLV (Table J-6 in Appendix J).  The remaining ten OCIs were carried forward to 
Tier 2 screening.   

Potential COI Identification and Tier 1 – SLV Comparison 

No OCIs were carried forward from Tier 2 Source and Pathway Identification screening or retained as 
COPCs for the Alluvial-Colluvial Gravel groundwater pathway.  Of the 10 OCIs screened in Tier 2, 
four were not detected at the Riverbank and do not have a potential for future exceedance because 
they were not detected in wells directly upgradient of the Riverbank and/or are not considered mobile.  
Five OCIs were not continuously present between RP sources and the Riverbank and do not have a 
potential for future exceedance because they are not detected in wells directly upgradient of the 
Riverbank and/or are not considered mobile.  The remaining OCI did not exceed the applicable DEQ-
directed SLV at the Riverbank and does not have a potential for future exceedance because it is not 
considered mobile.  

Tier 2 – Source and Pathway Identification  

There are potential non-RP sources of these OCIs to this pathway.  As described in Section 3.2 and 
Section 8.7, non-RP sources of OCIs contributing to the Alluvial-Colluvial Gravel groundwater and 
immediately surrounding area include: historical DDT and lindane manufacturing at Arkema; filling of 
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former Doane Lake with fill material sourced from vicinity industrial properties; use of OCIs for insect 
control in the general area; runoff containing OCIs from surrounding property owners including ESCO, 
NL/Gould, Schnitzer/Air Liquide, and RP; and potential use of River dredge materials as fill on the 
Siltronic and Arkema sites that potentially contained OCIs from Arkema or up-River sources. 

All OCIs were assigned a low priority because they were screened out in the Tier 1 SLV Comparison 
or Tier 2 Source and Pathway Identification. 

Pathway Priority Evaluation 

No WOE evaluation for OCIs was conducted as no OCIs progressed from Tier 2 Source and Pathway 
Identification. 

Tier 3 - WOE Evaluation 

16.4.3.5 PCDDs/PCDFs 

No PCDDs/PCDFs were carried forward to a potential SCAA based on measured concentrations, lack 
of continuity of the COI from RP sources to the Riverbank, and lack of potential for future 
exceedances from an RP source.  The nature and extent and fate and transport of PCDDs/PCDFs at 
the RP property and vicinity were discussed in Section 8.9.  

In the RP property vicinity, the presence of PCDDs/PCDFs in environmental media is a result of 
contribution from a number of sources that include inadvertent production as part of the chlorinated 
phenol chemistry conducted for the manufacture of herbicides, operation of furnace and boilers on a 
number of neighboring properties including combustion of PCB-containing fuel oils, historical 
chloralkali manufacturing processes, placement of dredge spoils from the River for land-filling, 
secondary lead smelting, lead cable sweating, auto-shredder fluff disposal, atmospheric deposition 
concentrated in stormwater run-off,  and extensive continued generation of PCDDs/PCDFs from 
gasoline/diesel engines and industrial wood combustion (Cleverly et al., 2003). 

PCDDs/PCDFs in soil and groundwater in the RP property vicinity remain localized near source 
areas, and in groundwater they do not track well with other more soluble and/or mobile constituents 
(e.g., chlorinated benzenes) originating at the RP property.  PCDDs/PCDFs are present in 
groundwater beneath the RP property as well as at other locations within the RP property vicinity, 
typically with varied congener profiles.  This distribution is indicative of multiple sources of 
PCDDs/PCDFs to groundwater, and not of migration from the RP property. 
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Nine PCDD/PCDF congeners were detected in the Alluvial-Colluvial Gravel groundwater (Table J-6 in 
Appendix J).  The detections exceeded the DEQ-directed SLVs, and the potential COIs moved 
forward to Tier 2 screening.   

Potential COI Identification and Tier 1 – SLV Comparison 

No PCDD/PCDF congeners were carried forward from Tier 2 Source and Pathway Identification 
screening or retained as COPCs for the Alluvial-Colluvial Gravel groundwater pathway.  The nine 
PCDD/PCDF congeners screened in Tier 2 were detected at one or more of the Riverbank wells.  
However, all were not continuously present between RP source areas and the Riverbank and do not 
to have a potential for future exceedance because they were not detected in wells directly upgradient 
of the Riverbank and/or are not considered mobile.  

Tier 2 – Source and Pathway Identification 

There are non-RP sources of these potential COIs to this pathway.  As described in Section 3.2 and 
Section 8.9, non-RP sources of PCDDs/PCDFs contributing to the Alluvial-Colluvial Gravel 
groundwater and immediately surrounding area include: historical operations at the NL/Gould Site that 
would generate PCDD/PCDF from secondary lead battery smelting, sweating of cable wrapped in 
either plastic or PCB-coated paper for lead and copper recovery, or burning of plastic battery casings; 
historical operations at the Arkema Site; widespread use of pentachlorophenol-treated wood products; 
potential River dredge materials containing PCDDs/PCDFs from the wood preservative product 
wastes from the McCormick & Baxter Site, which were deposited in former Doane Lake and on the 
Arkema, Siltronic, and other properties; and various other miscellaneous sources including exhaust 
from diesel powered trucks and railroad locomotives, and use of industrial boilers or furnaces on 
multiple properties in the vicinity of the RP property. 

All PCDDs/PCDFs were assigned a low priority because they were screened out in the Tier 1 SLV 
Comparison or Tier 2 Source and Pathway Identification. 

Pathway Priority Evaluation 

No WOE evaluation for PCDDs/PCDFs was conducted as no PCDDs/PCDFs progressed from Tier 2 
Source and Pathway Identification. 

Tier 3 - WOE Evaluation 

16.4.3.6 PCBs 

No PCBs were carried forward to a potential SCAA based on measured concentrations, lack of 
continuity of the COI from RP sources to the Riverbank, and lack of potential for future exceedances 
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from an RP source.  The nature and extent and fate and transport of PCBs at the RP property and 
vicinity were discussed in Section 8.10.  

Historical records concerning presence and use of PCBs at the former RP property show that 
potential sources of PCBs are limited to eight transformers formerly in the HA and IA and possible use 
of small amounts of heat transfer fluid that may have contained PCBs during a short period of time 
(Section 2).  PCB concentrations in groundwater do not indicate downgradient transport of PCBs from 
potential source areas at the RP property.  The nature and distribution of PCBs detected in 
groundwater provide evidence that PCBs detected in groundwater are related to distinct sources and 
that the RP property is not a source of PCBs in groundwater near N.W. Front Avenue or the River.   

PCB sources from other properties in the RP property vicinity include historical operations (including 
cable sweating and transformers) at the NL/Gould Site, burning of PCB-containing waste oil on the 
Arkema Site, the BPA substation and transformers located on the Arkema Site, and placement of 
River dredge spoils containing wastes from multiple sources, which were used for fill in former Doane 
Lake and on the Arkema, Siltronic, NL/Gould, and BNSF sites. 

PCB congener 77 and total PCBs (inferred Aroclor 1232) were detected in the Alluvial-Colluvial 
Gravel groundwater.  The detections exceeded the applicable DEQ-directed SLVs, and the potential 
COIs moved forward to Tier 2 screening. 

Potential COI Identification and Tier 1 – SLV Comparison 

No PCBs were carried forward from Tier 2 Source and Pathway Identification screening or retained as 
COPCs for the Alluvial-Colluvial Gravel groundwater pathway.  PCB congener 77 was not included in 
the source area dataset.  However, this PCB was not continuously present between RP source areas 
and the Riverbank, and does not have a potential for future exceedance because it is not considered 
mobile.  Total PCBs, based on inferred Aroclor 1232, were not detected in the RP source area dataset 
and, therefore not carried forward in the screening process. 

Tier 2 – Source and Pathway Identification 

There are non-RP sources of these potential COIs to this pathway.  As described in Section 3.2 and 
Section 8.10, non-RP sources of PCBs contributing to the Alluvial-Colluvial Gravel groundwater and 
immediately surrounding area include: capacitors used in BNSF locomotives prior to the mid-1980s, 
historical operations (including cable sweating and transformers) at the former NL/Gould Site; burning 
of PCB-containing waste oil on the Arkema Site, the BPA substation and transformers located on the 
Arkema Site, potential placement of River dredge spoils containing wastes from multiple sources, 
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which were used for fill in former Doane Lake and at Arkema, Siltronic, and BNSF sites; and 
urban/roadway runoff from Highway 30 and N.W. Front Avenue. 

All PCBs were assigned a low priority because they were screened out in the Tier 1 SLV Comparison 
or Tier 2 Source and Pathway Identification. 

Pathway Priority Evaluation 

No WOE evaluation for PCBs was conducted as no PCBs progressed from Tier 2 Source and 
Pathway Identification.   

Tier 3 - WOE Evaluation 

16.4.3.7 Petroleum Hydrocarbons 

No petroleum hydrocarbons were carried forward to a potential SCAA based on measured 
concentrations, lack of continuity of the COI from RP sources to the Riverbank, and lack of potential 
for future exceedances from an RP source.  The nature and extent and fate and transport of 
petroleum hydrocarbons at the RP property and vicinity were discussed in Section 8.11.   

Petroleum hydrocarbons are detected in groundwater at all properties within the RP property vicinity.  
Petroleum hydrocarbons are most commonly detected in the Artificial Fill or in the uppermost portion 
of the Fine-Grained Alluvium where the Artificial Fill is absent.  Confirmed petroleum hydrocarbon 
detections in the Alluvial-Colluvial Gravel are limited which is consistent with the shallow sources of 
petroleum hydrocarbons to groundwater released from a variety of heavy industrial uses in the RP 
property vicinity, including fueling and equipment operation at multiple industrial facilities, the 
placement of fill in former Doane Lake, and placement of dredge spoils on Arkema and Siltronic sites. 

Three petroleum hydrocarbons (diesel-range and residual-range hydrocarbons) were detected in the 
Alluvial-Colluvial Gravel.  These potential COIs do not have an applicable DEQ-directed SLV or 
appropriate surrogate (Table J-1 in Appendix J).  Therefore, no petroleum hydrocarbons were carried 
through the screening process.   

Potential COI Identification and Tier 1 – SLV Comparison 

No Tier 2 Source and Pathway Identification for petroleum hydrocarbons was completed because no 
petroleum hydrocarbons progressed from Tier 1 SLV Comparison. 

Tier 2 – Source and Pathway Identification 



 

AMEC Earth & Environmental, Inc. 
Project No.:  0-61M-107030/Phase 0104/T6 581 
K:\10000\10700\10703\0100 RI-FS-ROD\0104 RI Report\Draft RI\RI-SCE Report.Docx 

Priority was not evaluated because no petroleum hydrocarbons progressed from the Tier 1 SLV 
Comparison. 

Pathway Priority Evaluation 

No WOE evaluation for petroleum hydrocarbons was conducted as no petroleum hydrocarbons 
progressed from the Tier 1 SLV Comparison. 

Tier 3 - WOE Evaluation 

16.4.3.8 Inorganics 

Six inorganics (total and dissolved barium, boron, and cadmium) were retained as medium-priority 
COPCs for a potential SCAA.  Total and dissolved arsenic were carried forward as high-priority 
COPCs although the widespread distribution of similar concentrations of arsenic across multiple 
properties in the RP property vicinity, and the lack of identifiable gradients away from specific source 
areas, indicate that the arsenic in groundwater is likely related to the nature of formation or fill 
materials in the area.  The nature and extent and fate and transport of inorganics at the RP property 
and vicinity were discussed in Section 8.12.   

 The distribution of inorganic constituents in environmental media at the RP property and vicinity is 
widespread as expected given the natural and anthropogenic sources of inorganics in the 
environment.  There is no discernible pattern or gradient to concentrations of inorganics in 
groundwater that suggests the presence of a coherent plume that originates in and moves away from 
any particular source area.  Although areas of higher concentration are evident in the data, these 
apparent source areas are surrounded by multiple data points with lower or nondetectable 
concentrations of the same element.  The LWG has made the same observation of lack of any evident 
distributional pattern in the upland groundwater evaluation provided in the Draft RI Report (LWG, 
2009).  Furthermore, River sediments and local soils are documented to contain native concentrations 
of a number of metals that are present in environmental media at the RP property and vicinity.   

Twenty-six total inorganics and 25 dissolved inorganics were detected in the Alluvial-Colluvial Gravel 
groundwater (Table J-6 in Appendix J).  Antimony (total and dissolved), molybdenum (total and 
dissolved), potassium (total and dissolved), and dissolved chromium did not exceed their respective 
DEQ-directed SLVs and were not carried forward to the Tier 2 screening evaluation.  One inorganic, 
total uranium, was determined to have insufficient data (five sampling locations) for decision- making 
in the screening evaluation and was not carried forward in the screening process.  The remaining 
potential COIs were carried forward to Tier 2 in the screening evaluation.  

Potential COI Identification and Tier 1 – SLV Comparison 
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Tier 2 – Source and Pathway Identification 

Of the 22 total inorganics screened in Tier 2, 4 were not continuously present between RP source 
areas and the Riverbank, and do not have a potential for future exceedance because they were not 
detected in wells directly upgradient of the Riverbank and/or are not considered mobile.  Three total 
inorganics did not exceed the DEQ-directed SLV at the Riverbank and do not have a potential for 
future exceedance because they are not considered mobile.  

Total Inorganics 

Of the 21 dissolved inorganics screened in Tier 2, 6 were not continuously present between RP 
source areas and the Riverbank, and do not have a potential for future exceedance because they 
were not detected in wells directly upgradient of the Riverbank and/or are not considered mobile.  
Three dissolved inorganics did not exceed their respective DEQ-directed SLVs at the Riverbank and 
do not have a potential for future exceedance because they are not considered mobile.   

Dissolved Inorganics 

There are non-RP sources of these potential COIs to this pathway.  As described in Section 3.2 and 
Section 8.12, non-RP sources of inorganics contributing to the Alluvial-Colluvial Gravel groundwater 
and immediately surrounding area include: leaching of native inorganic constituents from formation 
materials, disposal of battery casings, battery acid, and secondary lead smelter residuals on the 
NL/Gould Site, disposal of MGP waste on the BNSF and Siltronic sites, disposal of foundry sand in 
former Doane Lake by ESCO, historical auto fluff processing, acetylene manufacture, and other 
operations on Schnitzer/Air Liquide property, historical disposal activities by Arkema on its property, 
and potential placement of River dredge spoils containing wastes from the McCormick & Baxter Site, 
which were used for fill in former Doane Lake, Arkema, Siltronic, and BNSF sites.  

Pathway Priority Evaluation 

Eleven total inorganics were assigned a low priority because they screened out in the Tier 1 SLV 
Comparison or Tier 2 Source and Pathway Identification.  Five total inorganics (calcium, cobalt, iron, 
magnesium, and vanadium) were assigned a low priority because they are not risk drivers for the 
River and have a low SLV exceedance.  Nine total inorganics (aluminum, barium, boron, cadmium, 
copper, lead, manganese, nickel, and zinc) were assigned medium priority, as they did not meet the 
criteria for a low or high-priority COI, and were carried forward to the WOE evaluation.  Total arsenic 
was assigned high priority, as it exceed its SLV by slightly over a factor of 1,000 and met the other 
criteria for a high-priority COI.  However, if maximum Riverbank detections for total arsenic were 
screened against the background level rather than the DEQ-directed SLV, the exceedance ratios 

Total Inorganics 
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would be approximately 5 rather than slightly over 1,000.  In strict accordance with the DEQ-approved 
screening process, total arsenic is carried forward to a potential SCAA, although the widespread 
distribution of similar concentrations of arsenic across multiple properties in the RP property vicinity, 
and the lack of identifiable gradients away from specific source areas, indicate that the arsenic in 
groundwater is likely related to the nature of formation or fill materials in the area. 

Thirteen dissolved inorganics were assigned a low priority because they screened were out in the Tier 
1 SLV Comparison or Tier 2 Source and Pathway Identification.  Five dissolved inorganics (calcium, 
cobalt, iron, magnesium, and vanadium) were assigned a low priority because they are not risk drivers 
for the River and have a low SLV exceedance.  Six dissolved inorganics (barium, boron, cadmium, 
copper, manganese, and nickel) were assigned medium priority, as they did not meet the criteria for a 
low or high-priority COI, and were carried forward to the WOE evaluation.  Dissolved arsenic was 
assigned a high priority, as it exceeded its DEQ-directed SLV by slightly over a factor of 1,000 and 
met the other criteria for a high-priority COI.  However, if maximum Riverbank detections for dissolved 
arsenic were screened against the background level rather than the DEQ-directed SLV, the 
exceedance ratios would be approximately 5 rather than slightly over 1,000.  In strict accordance with 
the DEQ-approved screening process, dissolved arsenic is carried forward to a potential SCAA, 
although the widespread distribution of similar concentrations of arsenic across multiple properties in 
the RP property vicinity, and the lack of identifiable gradients away from specific source areas, 
indicate that the arsenic in groundwater is likely related to the nature of formation or fill materials in 
the area. 

Dissolved Inorganics 

The WOE evaluation for inorganics includes screening the potential COIs against DEQ-approved site-
specific background inorganic values (Table J-3 in Appendix J).  Five total and four dissolved 
inorganics in the Alluvial-Colluvial Gravel dataset exceeded their DEQ-approved background level 
and were further evaluated in the WOE.   

Tier 3 – WOE Evaluation 

Total Aluminum – Aluminum was not used in the manufacturing processes at the RP property (Table 
2-C), but is present at percent (%) levels in native soils and River sediments.  Aluminum has been 
identified as a compound disposed of at the ESCO property and is listed as a COI for that site (Table 
3-A).  Aluminum is also present in the Willamette River dredge materials (Table 3-A).   

The highest concentration of total aluminum was associated with monitoring well RP-07-84 on the 
Siltronic Site.  Total aluminum was not detected in the RP source area monitoring wells screened in 
the Alluvial-Colluvial Gravel.  Nine percent of the total aluminum detections in the Alluvial-Colluvial 
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Gravel dataset exceed the background value, however, the majority of these detections do not exceed 
by more than 5 times the background value.  Total aluminum has also not routinely been detected 
above the background value at the Riverbank.  Total aluminum concentrations have been reported 
above background concentrations at Arkema and Siltronic sites, as well as within the multi-source 
former Doane Lake.  The distribution of detections suggests that there is not a single source of this 
inorganic COI.   

Based on the distribution of aluminum, the lack of detections in the RP source area, and lack of 
routine detections of total aluminum at all Riverbank monitoring wells above the background value, 
this COI has been assigned a low priority for the RP SCE.  Source control for aluminum is not 
necessary, as concentrations levels are consistent with background levels near the River. 

Total and Dissolved Barium – Barium was not used in the manufacturing processes at the RP 
property (Table 2-C), but is documented to be present at native concentrations in the hundreds of 
mg/kg in Oregon soils and River sediments.  Industrial processes that which may have contributed 
barium to soil and groundwater in the area include asphalt production at the Kinder Morgan/Willbridge 
Site, disposal of ESCO foundry waste, disposal of chlor-alkali production process waste from Arkema, 
disposal of shot blast waste from AirLiquide, and runoff from Highway 30 resulting from brake wear.   

The highest concentrations of total and dissolved barium were associated with monitoring well W-19-
D(68) located on Arkema Site.  In fact, many of the highest detections in the dataset are from wells on 
the Arkema Site.  The pattern of higher detections on the Arkema Site near the Riverbank indicates 
that this property may be a source of total and dissolved barium to the River.  All of the total and 
dissolved barium detections do not exceed by more than 15 times the background value, and the 
majority (88%) do not exceed background by more than 10 times.  Based on the higher detections on 
neighboring properties, the low data set exceedance ratio compared to the background value, likely 
historical non-RP sources of barium to the area, and the lack of historical use of barium at the RP 
property, this COI has been assigned a low priority for the RP SCE.  In strict accordance with the 
DEQ-approved screening process, these COPCs are being carried forward as medium-priority 
COPCs for consideration in a potential SCAA to be performed by parties other than RP related to the 
Alluvial-Colluvial Gravel pathway. 

Total and Dissolved Boron – Boron was not used in the manufacturing processes at the RP property 
(Table 2-C).  Boron has not been identified as a compound disposed of or used at other sites within 
the vicinity of the RP property, but it has been identified as a COI within the Willamette River dredge 
materials (Table 3-A).   
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The highest concentrations of total and dissolved boron were associated with monitoring well RP-18-
111 located on the ESCO property.  Total and dissolved boron were not detected in wells screened in 
the Alluvial-Colluvial Gravel within the RP source area.  Thirty percent of the total boron detections in 
the Alluvial-Colluvial Gravel dataset exceeded the background value; however, none of the total boron 
detections exceeded by more than 5 times the background value.  Total and dissolved boron have not 
been detected above the background value at the Riverbank.  Total boron has been detected above 
background values at the BNSF and ESCO properties, as well as the multi-source former Doane 
Lake.  Based on the distribution of total and dissolved boron detections and lack of routine detections 
of total boron at all Riverbank monitoring wells above the background value, this COI has been 
assigned a low priority for the RP SCE.  In strict accordance with the DEQ-approved screening 
process, these COPCs are being carried forward as medium priority COPCs for consideration in a 
potential SCAA to be performed by parties other than RP related to the Alluvial-Colluvial Gravel 
pathway. 

Total and Dissolved Cadmium – Cadmium was not used in the manufacturing processes at the RP 
property (Table 2-C).  Industrial processes that may have contributed cadmium to soil and 
groundwater in the area include overflow from the City Guild’s Lake Pump station, road runoff from 
Highway 30, the N.W. Front Avenue utility corridor, dust waste from ESCO, spent processing waste 
from Gasco MGP operations, spent graphite anodes, graphite sludge, and chlorate cell wash from 
Arkema processes, and process waste from NL/Gould (Appendix L).   

The highest concentrations of total and dissolved cadmium were associated with monitoring well RP-
13-33 located on the Arkema Site.  In fact, 11 of the 15 highest detections of total and dissolved 
cadmium have been located on the Arkema Site.  The pattern of higher detections on the Arkema Site 
relative to the RP property, and the fact that these detections were from Arkema wells near the 
Riverbank, indicates that this property may be a source of total and dissolved cadmium to the River.  
The majority (84%) of total and dissolved cadmium detections either do not exceed background or do 
not exceed by more than 10 times the background value.  Based on the higher detections found on 
neighboring properties, the low data set exceedance ratio compared to the background value, likely 
historical non-RP sources of cadmium in the area, and the lack of historical use of cadmium at the RP 
property, this COI has been assigned a low priority for the RP SCE.  In strict accordance with the 
DEQ-approved screening process, these COPCs are being carried forward as medium priority 
COPCs for consideration in a potential SCAA to be performed by parties other than RP related to the 
Alluvial-Colluvial Gravel pathway. 

Total and Dissolved Manganese – Manganese was not identified as a chemical used in the 
manufacturing processes at the RP property (Table 2-C), but is present at concentrations between 
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100 mg/kg and 2,000 mg/kg in native soils and River sediments.  Manganese has been identified as a 
COI for the ESCO property and the Willamette River dredge materials (Table 3-A).   

Highest concentrations of total and dissolved manganese were associated with monitoring well RP-
18-111 on the ESCO property.  Total and dissolved manganese has not been detected in wells 
screened in the Alluvial-Colluvial Gravel within the RP source area.  Eighty-five percent of the total 
manganese detections and one hundred percent of the dissolved manganese detections in the 
Alluvial-Colluvial Gravel dataset exceed the background value, and the majority of these 
concentrations are more than 5 times the background value, suggesting that manganese in the 
Alluvial-Colluvial Gravel is naturally occurring above the DEQ-directed background value.  The multi-
source former Doane Lake had the most detections and highest concentrations of total and dissolved 
manganese.  Detections of total and dissolved manganese exceeded background concentrations on 
the Arkema, BNSF, ESCO, and Siltronic sites, as well as the multi-source former Doane Lake.  Based 
on the distribution of detections, the high exceedance ratio compared to the background value at the 
Riverbank and lack of detections from RP sources to the Riverbank, this COI has been assigned a 
low priority for the RP SCE.  Source control for manganese is not necessary, as levels are consistent 
with background near the River. 

16.4.4 Alluvial-Colluvial Gravel Pathway Priority 
The potential COIs retained as COPCs for the multi-source Alluvial-Colluvial Gravel pathway are 
provided on Table 16-C.  The number of COPCs per constituent class is summarized below: 

● Three VOCs (1,2-dichlorobenzene, 1,4-dichlorobenzene, and vinyl chloride) were retained 
as medium-priority COPCs;  

● Six inorganics (total and dissolved barium, boron, and cadmium) were retained as 
medium-priority COPCs; and 

● Total and dissolved arsenic were retained as high-priority COPCs, although the 
widespread distribution of similar concentrations of arsenic across multiple properties in 
the RP property vicinity, and the lack of identifiable gradients away from specific source 
areas, indicate that the arsenic in groundwater is likely related to the nature of formation or 
fill materials in the area. 

Determining whether the Alluvial-Colluvial Gravel pathway should be carried forward to a potential 
SCAA depends on the locations of constituent plumes at the Riverbank.  Groundwater plumes occur 
from sources on the Siltronic, RP, and Arkema sites.  Groundwater impacts at the River from Arkema 
source areas are partially covered by Arkema’s SCE that addresses portions of Tract A, Lots 3 and 4.  
Groundwater evaluation for Tract A, Lot 1 and 2 areas cannot be analyzed sufficiently for non-RP 
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constituents with the data in the RP database, and further evaluation of the need for source control for 
these COPCs should be evaluated by Arkema.  

As discussed in Section 16.3, RP COIs are discernable within the lower portion of the Fine-Grained 
Alluvium, the Alluvial-Colluvial Gravel, and upper portion of the CRBG in the area approximately 
between monitoring well clusters RP-02 to RP-11 near the Riverbank.  COI movement follows 
groundwater flow as a single plume through these stratigraphic units.  This plume area should have a 
low priority except for that portion where DDx compounds and potentially inorganics originating on the 
Arkema Site overlap with the medium-priority VOCs, inorganics, and high-priority arsenic.   

16.5 GROUNDWATER-TROUTDALE FORMATION 

This section presents the results of the screening evaluation of constituents for the Troutdale 
Formation groundwater pathway.  This groundwater pathway is a current and potential future 
migration pathway to the River for limited RP-related and non-RP constituents from multiple sources.  
The lateral extent of potentially RP-related COIs in this pathway at the Riverbank is restricted because 
the Troutdale Formation is laterally and vertically limited in the RP property vicinity.  The likelihood of 
groundwater from the Troutdale Formation discharging to the River is low because groundwater would 
need to migrate vertically upward through roughly 100 feet of Fine-Grained Alluvium before 
discharging to the River.  Monitoring wells screened in the Fine-Grained Alluvium overlying the 
Troutdale Formation indicate there is no upward movement of RP-related COIs from the Troutdale 
Formation to the overlying Fine-Grained Alluvium (e.g., Silvex was not detected in wells WS-11-125, 
WS-11-161, WS-12-125, WS-12-161, WS-14-125, and WS-14-161).  Source control assessment for 
this pathway, should it be considered warranted, should be lead by the party(s) with the highest 
contributions of constituents to the Troutdale Formation groundwater pathway.  The Troutdale 
Formation groundwater pathway is described in Section 6 (the CSM), Section 7 (Potential Pathways 
for the RI), and Section 15 (Potential Pathways to the River for SCE).   

The screening evaluation assessed all potential COIs in the Troutdale Formation pathway, regardless 
of source.  The dataset contained constituents in the following classes:  VOCs, SVOCs, herbicides, 
OCIs, petroleum hydrocarbons, and total and dissolved inorganics.  The Troutdale Formation pathway 
screening did not identify COPCs to be carried forward to a potential SCAA.  The screening 
evaluation is presented on Table J-7 of Appendix J.  The potential COIs screened, their progression 
through the screening process, and COIs retained as COPCs for consideration in a potential SCAA 
are discussed below. 
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Sources for COIs in the Troutdale Formation groundwater at the Riverbank include Gasco MGP waste 
disposed on the Siltronic and BNSF sites, River dredge material placed on Siltronic and BNSF sites, 
the Kinder Morgan/Santa Fe Pacific Pipeline Site, and the general industrial use of VOCs as solvents, 
in fuels, and in chemical manufacturing (Section 3.2). 

These sources contributed COIs from the following chemical classes: VOCs, SVOCs, OCIs, 
petroleum hydrocarbons, and inorganics.   

16.5.1 Dataset 
The dataset for the Troutdale Formation groundwater pathway included groundwater results from well 
RP-11-216 screened in the Troutdale Formation, for the years 2006 (when the first samples were 
collected) through January 2010.  The sampling location is shown on Figure 16-B.   

Data quality for each of the constituent classes in the above dataset was considered, as discussed in 
Section 16.1.1.  Those data with adequate data quality were used; data with identified quality issues 
that rendered them inappropriate were excluded from the screening evaluation.  The PCDD/PCDF 
data set (included in Appendix J, Table 17) was limited to analytical data collected between July 2008 
and January 2010 that included additional quality assurance protocols as outlined in Section 8.9.  The 
OCIs data set (included in Appendix J, Table 17) was limited to data analyzed using GC/HRMS from 
May 2007 and January 2010. 

16.5.2 Screening Evaluation Process Variations 
Only COIs detected in Riverbank Region 4 (north of the BNSF railroad tracks) are included for 
screening for this pathway because it is the only Riverbank Region where the Troutdale Formation is 
present.  The Troutdale Formation is not found in Regions 1, 2, or 3 (Figure 16-B); therefore, COIs 
from Regions 1, 2, or 3 are not considered for the Troutdale Formation groundwater pathway.  In 
addition, because there is only one well in the dataset, continuous presence from the RP source 
areas was evaluated by reviewing the dataset for wells screened in the Fine-Grained Alluvium and 
CRBG upgradient of the Troutdale Formation. 

16.5.3 Screening Results 
The screening results are discussed by constituent class and then by each of the five screening steps, 
as applicable.  The Troutdale Formation pathway screening did not identify COPCs to be carried 
forward to a potential SCAA.      

The Troutdale Formation groundwater data are screened against the DEQ-directed SLVs provided in 
Appendix J.  Distribution figures for select COIs are presented in Appendix K. 
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16.5.3.1 VOCs 

No VOCs were carried forward to a potential SCAA based on concentrations, lack of continuity of the 
COIs from RP sources to the Riverbank, and lack of potential for future exceedances from an RP 
source to the River.  The nature and extent and fate and transport of VOCs at the RP property and 
vicinity were discussed in Section 8.4.   

The RP source areas for VOCs are located in the vicinity of known tank farms, waste management 
areas and manufacturing operations in the HA, and in areas where NAPL is known to be present.  
The exception to this is for benzene which appears to have isolated source areas distributed in both 
the HA and IA.  Several VOCs historically were used in formulation and manufacturing operations in 
the HA and IA (Table 2-C) and are:  1,2-dichlorobenzene, benzene, acetone, methylene chloride 
(dichloromethane or DCM), toluene, xylenes, trichloroethene, tetrachloroethene, and isobutyl alcohol.   

Historical investigations have identified VOC releases on the RP property and surrounding properties 
that have occurred throughout their industrial history.  RP VOC distribution is distinct from VOC 
distribution at vicinity properties (Section 8.4).   

Twenty-one VOCs were detected in the Troutdale Formation groundwater; eight were detected above 
their SLV (Table J-7 in Appendix J).  These eight VOCs were carried forward to Tier 2 screening.  

Potential COI Identification and Tier 1 – SLV Comparison 

Five of the eight VOCs were screened out in the Tier 2 Source and Pathway Identification screening 
because they were not detected in RP source areas or because they were not continuously present 
between RP source areas and the Riverbank.  Vinyl chloride was ultimately retained because it is 
produced by reductive dechlorination of trichloroethene, which was detected in the RP source area 
data set.  The remaining three VOCs, including vinyl chloride, progressed to the Tier 3 WOE 
evaluation.     

Tier 2 – Source and Pathway 

There are non-RP sources of these potential COIs to this pathway.  As described in Section 3.2 and 
Section 8.4, non-RP sources of COIs contributing to the Troutdale Formation groundwater and 
immediately surrounding area include: historical MGP waste disposal at the Gasco and Siltronic Sites 
(BTEX), the Kinder Morgan/Santa Fe Pacific Pipeline Site (BTEX), runoff from Highway 30 (BTEX and 
MTBE), and the general industrial use of VOCs as solvents, in fuels, and in chemical manufacturing 
(Section 3.2). 



 

AMEC Earth & Environmental, Inc. 
590 Project No.:  0-61M-107030/Phase 0104/T6 
 K:\10000\10700\10703\0100 RI-FS-ROD\0104 RI Report\Draft RI\RI-SCE Report.Docx 

Seventeen of twenty-one VOCs were assigned a low priority because they were screened out in the 
Tier 1 SLV Comparison or Tier 2 Source and Pathway Identification.  One of the twenty-one VOCs 
(trichloroethene) was assigned a low priority because it did not exceed its SLV at the Riverbank by 
more than a factor of 10.  The remaining three VOCs (1,2-dichlorobenzene, 1,4-dichlorobenzene, and 
vinyl chloride), were assigned medium priority because they did not meet the criteria for a low or high-
priority COI and were carried forward to the WOE evaluation.  

Pathway Priority Evaluation 

The three VOCs included in the WOE evaluation (1,2-dichlorobenzene, 1,4-dichlorobenzene, and 
vinyl chloride) were further evaluated to determine if these VOCs should be retained as COPCs for 
consideration in a potential SCAA. 

Tier 3 – WOE Evaluation 

1,2-Dichlorobenzene, 1,4-dichlorobenzene, and vinyl chloride detections from all four sampling events 
at the single Troutdale Formation monitoring well (RP-11-216) exceed their respective SLV.  The 
distribution of these VOCs in the Troutdale Formation and the CRBG upgradient of RP-11-216, 
includes concentrations that exceed the SLVs and is consistent with an RP source for these 
compounds.  Analytical results from monitoring wells screened in the Fine-Grained Alluvium overlying 
the Troutdale Formation indicate there is no upward migration of RP-related COIs from the Troutdale 
Formation to the overlying Fine-Grained Alluvium materials, indicating an incomplete migration 
pathway to the River (e.g.,1,2-dichlorobenzene and 1,4-dichlorobenzene were not detected in wells 
WS-11-125, WS-11-161, WS-12-125, WS-12-161, WS-14-125, and WS-14-161 above their SLV).  
1,2-Dichlorobenzene, 1,4-dichlorobenzene, and vinyl chloride have been assigned a low priority for 
the SCAA. 

16.5.3.2 SVOCs 

Only two SVOCs,1,2-dichlorobenzene and 1,4-dichlorobenzene, were retained through the Tier 1 SLV 
Comparison and Tier 2 Source and Pathway Identification.  These same compounds are part of the 
EPA Method 8260B analysis for VOCs and were evaluated in the prior section as part of the VOC 
chemical class.  No other SVOCs were carried forward to a potential SCAA.  The nature and extent 
and fate and transport of SVOCs at the RP property and vicinity were discussed in Section 8.5.   

The only SVOCs used in historical manufacturing or formulation operations at the RP property were 
phenol and chlorophenols.  Other potential sources of SVOCs at the RP property are fuel storage, 
handling, and use; vehicle maintenance activities; and the filling of former Doane Lake with imported 
soil and fill material including material from surrounding industrial properties.  Potential RP SVOC 
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source areas are located in the vicinity of known tank farms, waste management areas, and 
manufacturing operations in the HA, and in areas where NAPL is known to be present.   

Historical investigations have identified SVOC releases on the RP property and surrounding 
properties that have occurred throughout their industrial history.  SVOC releases at the RP property 
have a distribution that is distinct from releases of SVOCs at vicinity properties.  Therefore, they do 
not overlap with the presence of PAHs related to MGP wastes on Siltronic Site or with releases on 
surrounding properties.  

Five SVOCs were detected in the Troutdale Formation groundwater; two were detected above the 
SLV (Table J-7 in Appendix J).  These two SVOCs, 1,2-dichlorobenzene and 1,4-dichlorobenzene, 
were carried forward to Tier 2 screening as part of the VOC chemical class.  No SVOCs progressed to 
the Tier 2 Source and Pathway Identification.   

Potential COI Identification and Tier 1 – SLV Comparison 

No Tier 2 evaluation for SVOCs was completed because no SVOCs progressed from Tier 1 SLV 
comparison. 

Tier 2 – Source and Pathway Identification  

Five SVOCs were assigned a low priority because they screened out in Tier 1 SLV Comparison. 

Pathway Priority Evaluation 

No WOE evaluation for SVOCs was completed because no SVOCs progressed from Tier 1 SLV 
Comparison. 

Tier 3 - WOE Evaluation 

16.5.3.3 Herbicides 

No herbicides were carried forward to a potential SCAA based on concentrations, lack of continuity of 
the COIs from RP sources to the Riverbank, and lack of potential for future exceedances from an RP 
source.  The nature and extent and fate and transport of herbicides at the RP property and vicinity 
were discussed in Section 8.6.   

A limited set of herbicides was manufactured, packaged, or formulated at the RP property.  
Manufacturing was discontinued by 1982 with the exception of bromoxynil, which was discontinued in 
1990.  The primary herbicides manufactured included 2,4-D, Silvex, 2,4,5-T, Bromoxynil, dichlorprop, 
MCPA, and MCPP.  Some herbicide components were also packaged at the property for shipment to 
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other manufacturers.  2,4,5-T was manufactured for a limited time between 1960 and 1962.  Because 
of the widespread application of herbicides, these chemicals may have been used and stored at many 
facilities and were routinely used along roadways (N.W. Front Avenue) and in landscapes for noxious 
weed control. 

Historical investigations have identified herbicide releases on the RP property and surrounding 
properties that have occurred throughout their industrial history.  Herbicide releases at the RP 
property have a distribution that is distinct from releases or uses of herbicide at vicinity properties 
(Section 8.6). 

Five herbicides were detected in the Troutdale Formation groundwater.  Silvex and MCPP exceeded 
the SLVs (Table J-7 in Appendix J) and were carried forward to Tier 2 screening.   

Potential COI Identification and Tier 1 – SLV Comparison 

One herbicide, Silvex, was found to be continuously present between an RP source to the Riverbank 
and progressed to Pathway Priority Evaluation.  MCPP screened out in the Tier 2 Source and 
Pathway Identification screening because MCPP is not continuously present between the RP source 
areas and the Riverbank.   

Tier 2 – Source and Pathway Identification  

Four of the five detected herbicides were assigned a low priority because they screened out in Tier 1 
SLV Comparison or Tier 2 Source and Pathway Identification.  Silvex was also assigned low priority 
because it did not exceed its SLV by more than a factor of 10 at the Riverbank.  No herbicides 
progressed to Tier 3 WOE evaluation.  

Pathway Priority Evaluation 

No WOE evaluation for herbicides was completed because no herbicides progressed from Tier 1 SLV 
Comparison, Tier 2 Source and Pathway Identification, and Pathway Priority Evaluation. 

Tier 3 – WOE Evaluation 

16.5.3.4 OCIs 

No OCIs were carried forward to a potential SCAA based on concentrations, lack of continuity of the 
COI from RP sources to the Riverbank, and lack of potential for future exceedances from an RP 
source.  The nature and extent and fate and transport of OCIs at the RP property and vicinity were 
discussed in Section 8.7.   
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OCIs were formulated in the IA from 1945 (StarLink, 2009) until 1969 (EMCON, 1992).  OCIs 
historically used in formulation and manufacturing operations in the IA (Table 2-C) includes:  aldrin, 
BHCs, chlordane, DDx, dieldrin, endosulfans, endrin, heptachlor, hexachlorobenzene, and toxaphene.  
RP property source areas for OCIs are former operations areas in the IA and potential waste 
management areas in the LADD area.  OCI sources from other properties in the RP property vicinity 
include historical DDT and lindane manufacturing at Arkema; historical DDT formulation at Kinder 
Morgan/Willbridge; filling of former Doane Lake with fill material sourced from vicinity industrial 
properties; use of OCIs for insect control in the general area; runoff containing OCIs from surrounding 
property owners including ESCO, NL/Gould, Schnitzer/Air Liquide, and RP; use of River dredge 
materials as fill on the Siltronic and BNSF sites that potentially contained OCIs from Arkema or up-
River sources; and atmospheric deposition of OCIs.   

Historical investigations have identified OCI releases on the RP property and surrounding properties 
that have occurred throughout their industrial history.  OCI releases at the RP property have a 
distribution that is distinct from releases of OCIs at vicinity properties, and, therefore, do not overlap 
with the presence of DDx related to manufacturing and disposal by Arkema on their site or with 
releases and uses on surrounding properties (Section 8.7). 

One OCI, gamma-BHC, was detected in the Troutdale Formation groundwater, but was not detected 
above the SLV (Table J-7 in Appendix J).  Therefore, no OCIs were carried through the Tier 2 
screening process.   

Potential COI Identification and Tier 1 – SLV Comparison 

No Tier 2 evaluation for OCIs was completed because no OCIs progressed from Tier 1 SLV 
comparison. 

Tier 2 – Source and Pathway Identification  

One OCI was assigned a low priority because it screened out in Tier 1SLV Comparison. 

Pathway Priority Evaluation 

No WOE evaluation for OCIs was completed because no OCIs progressed from Tier 1 SLV 
Comparison. 

Tier 3 - WOE Evaluation 



 

AMEC Earth & Environmental, Inc. 
594 Project No.:  0-61M-107030/Phase 0104/T6 
 K:\10000\10700\10703\0100 RI-FS-ROD\0104 RI Report\Draft RI\RI-SCE Report.Docx 

16.5.3.5 PCDDs/PCDFs 

No PCDDs/PCDFs were detected in the Troutdale Formation dataset.  Therefore, no PCDDs/PCDFs 
were carried forward to a potential SCAA.  The nature and extent and fate and transport of 
PCDDs/PCDFs at the RP property and vicinity were discussed in Section 8.9.   

No PCDDs/PCDFs were detected in the Troutdale Formation groundwater.  Therefore, no 
PCDDs/PCDFs were carried forward to the Tier 2 screening process.   

Potential COI Identification and Tier 1 – SLV Comparison 

No Tier 2 evaluation for PCDDs/PCDFs was completed because no PCDDs/PCDFs progressed from 
Potential COI Identification. 

Tier 2 – Source and Pathway Identification  

No PCDDs/PCDFs were assigned a low priority because they screened out in Potential COI 
Identification. 

Pathway Priority Evaluation 

No WOE evaluation for PCDDs/PCDFs was completed because no PCDDs/PCDFs progressed from 
Potential COI Identification. 

Tier 3 - WOE Evaluation 

16.5.3.6 Petroleum Hydrocarbons 

No petroleum hydrocarbons were carried forward to a potential SCAA based on concentrations, lack 
of continuity of the COI from RP sources to the Riverbank, and lack of potential for future 
exceedances from an RP source.  The nature and extent and fate and transport of petroleum 
hydrocarbons at the RP property and vicinity were discussed in Section 8.11.  

Petroleum hydrocarbons are detected in groundwater at all properties within the RP property vicinity.  
Petroleum hydrocarbons are most commonly detected in the Artificial Fill or in the uppermost portion 
of the Fine-Grained Alluvium where the Artificial Fill is absent.  Petroleum hydrocarbon detections 
groundwater upgradient of the Troutdale Formation are limited, which is consistent with the shallow 
sources of petroleum hydrocarbons released to groundwater released from a variety of heavy 
industrial uses in the RP property vicinity, including fueling and equipment operation at multiple 
industrial facilities, the placement of fill in former Doane Lake, and placement of dredge spoils on 
BNSF and Siltronic sites. 
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Three petroleum hydrocarbons (diesel-range and residual-range hydrocarbons) were detected in the 
Troutdale Formation.  These potential COIs do not have a DEQ-directed SLV or appropriate surrogate 
(Table J-1 in Appendix J).  Therefore, no petroleum hydrocarbons were carried through the screening 
process.   

Potential COI Identification and Tier 1 – SLV Comparison 

No Tier 2 Source and Pathway Identification for petroleum hydrocarbons was completed because no 
petroleum hydrocarbons progressed from the Tier 1 SLV Comparison. 

Tier 2 – Source and Pathway Identification 

Priority was not evaluated because no petroleum hydrocarbons progressed from Tier 1 SLV 
Comparison. 

Pathway Priority Evaluation 

No WOE evaluation for petroleum hydrocarbons was conducted because no petroleum hydrocarbons 
progressed from the Tier 1 SLV Comparison. 

Tier 3 - WOE Evaluation 

16.5.3.7 Inorganics 

No inorganics were carried forward to a potential SCAA based on concentrations, lack of continuity of 
the COI from RP sources to the Riverbank, and lack of potential for future exceedances from an RP 
source.  The nature and extent and fate and transport of inorganics at the RP property and vicinity 
were discussed in Section 8.12.  

The distribution of inorganic constituents in environmental media at the RP property and vicinity is 
widespread as expected given the natural and anthropogenic sources of inorganics in the 
environment.  There is no discernible pattern or gradient to concentrations of inorganics in 
groundwater that suggests the presence of a coherent plume that originates in and moves away from 
any particular source area.  Although areas of higher concentration are evident in the data, these 
apparent source areas are surrounded by multiple data points with lower or nondetectable 
concentrations of the same element.  The LWG has made the same observation relative to the lack of 
any evident distributional pattern in the upland groundwater evaluation provided in the Draft RI Report 
(LWG, 2009).  Furthermore, River sediments and local soils are documented to contain native 
concentrations of a number of metals that are present in environmental media at the RP property and 
vicinity.  
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Twenty-three total inorganics and twenty-two dissolved inorganics were detected in the Troutdale 
Formation groundwater (Table J-7 in Appendix J).  Eight total and eight dissolved inorganics 
exceeded the SLVs and were carried forward to Tier 2 Source and Pathway Identification.  

Potential COI Identification and Tier 1 – SLV Comparison 

Tier 2 – Source and Pathway Identification  

One of the eight inorganics (total mercury) screened in Tier 2 is not continuously present between the 
RP source areas and the Riverbank.  The remaining seven total inorganics were found to be 
continuously present between RP source areas and the Riverbank and progressed forward to the 
Pathway Priority Evaluation. 

Total Inorganics 

One of the eight inorganics (dissolved mercury) screened in Tier 2 is not continuously present 
between the RP source areas and the Riverbank.  The remaining seven dissolved inorganics were 
found to be continuously present between RP source areas and the Riverbank and progressed 
forward to the Pathway Priority Evaluation. 

Dissolved Inorganics 

There are non-RP sources of these potential COIs to this pathway.  As described in Section 3.2 and 
Section 8.12, non-RP sources of inorganics contributing to the Troutdale Formation groundwater and 
immediately surrounding area include: leaching of native inorganic constituents from formation 
materials, disposal of MGP waste on the BNSF and Siltronic sites, and potential placement of River 
dredge spoils containing wastes from the McCormick & Baxter Site, which was used for fill in former 
Doane Lake, Siltronic, and BNSF sites. 

Pathway Priority Evaluation 

Sixteen of the twenty-three detected total inorganics were assigned a low priority because they 
screened out in Tier 1 SLV Comparison or Tier 2 Source and Pathway Identification.  Two of the 
twenty-three detected total inorganics were assigned a low priority because they did not exceed their 
SLV by more than a factor of 10 at the Riverbank.  Five total inorganics (arsenic, barium, boron, 
manganese, and zinc) were assigned medium priority because they did not meet the criteria for a low 
or high-priority COI, and were carried forward to the WOE evaluation.  

Total Inorganics 
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Fifteen of the twenty-two detected dissolved inorganics were assigned a low priority because they 
screened out in Tier 1 SLV Comparison or Tier 2 Source and Pathway Identification.  Two of the 
twenty-two detected dissolved inorganics were assigned a low priority because they did not exceed 
their SLV by more than a factor of 10 at the Riverbank.  Five dissolved inorganics (arsenic, barium, 
boron, manganese, and zinc) were assigned medium priority because they did not meet the criteria 
for a low or high-priority COI, and were carried forward to the WOE evaluation 

Dissolved Inorganics 

Inorganic COIs carried forward to the WOE evaluation include five total and five dissolved inorganics 
(arsenic, barium, boron, manganese, and zinc).  Four of the ten COIs (total and dissolved arsenic and 
total and dissolved boron) were less than the DEQ-approved site-specific background value and were 
assigned a low priority for the RP SCE (Table J-3 in Appendix J).  No source control assessment is 
necessary for total and dissolved arsenic or total and dissolved boron in Troutdale Formation 
groundwater. 

Tier 3 – WOE Evaluation 

The six remaining COIs exceeded the DEQ-approved site-specific background value but were 
assigned a low priority as discussed below. 

Total and Dissolved Barium – Barium is naturally occurring at the 100s of mg/kg in Oregon soils and 
River sediments.  It was not used in the manufacturing processes at the RP property (Table 2-C).  All 
detections of total and dissolved barium in the Troutdale Formation dataset exceeded the SLV, but 
these detections only exceeded the background value by a factor of 2.  Total and dissolved barium 
were assigned a low priority for the RP SCE. 

Total and Dissolved Manganese – Manganese is present in native soils and River sediments at 
concentrations between 100 mg/kg and 2,000 mg/kg.  It was not identified as a chemical used in the 
manufacturing processes at the RP property (Table 2-C).  Detections of total and dissolved 
manganese in the Troutdale Formation dataset exceeded the SLV, but these detections only exceed 
the site-specific background value by factors of 15 or less.  Total and dissolved manganese are 
assigned a low priority for the RP SCE because there is no source of manganese at the RP property 
and because manganese concentrations at the riverbank exceed the site-specific background by 
factors of 15 or less.  Source control for manganese is not warranted. 

Total and Dissolved Zinc – Zinc is present in River sediments and Oregon soils at concentrations 
ranging from 50 mg/kg to 200 mg/kg.  It has not been identified as a compound used in the 
manufacturing processes at the RP property (Table 2-C).  Detections of total and dissolved zinc in the 
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Troutdale Formation dataset exceeded the SLV, with the most recent sampling above the site-specific 
background levels by a factor of five or less.  Total and dissolved zinc are assigned a low priority for 
the RP SCE because there is no source of zinc at the RP property, because zinc is naturally occurring 
and because zinc concentrations at the riverbank exceed the site-specific background by factors of 5 
or less.  Source control for zinc is not warranted. 

16.5.4 Troutdale Formation Pathway Priority 
No COPCs were retained for the Troutdale Formation pathway.  The Troutdale Formation 
groundwater should be a considered a low priority because: 

● The impact from this pathway to the River is limited because of the significant vertical 
distance (more than 100 feet) that separates the Troutdale Formation from the bottom of 
the River. 

● Analytical results from monitoring wells screened in the Fine-Grained Alluvium overlying 
the Troutdale Formation indicate there is no upward migration of RP-related COIs from the 
Troutdale Formation to the overlying Fine-Grained Alluvium materials, indicating an 
incomplete migration pathway to the River (e.g., Silvex was not detected in wells WS-11-
125, WS-11-161, WS-12-125, WS-12-161, WS-14-125, and WS-14-161). 

● There are no medium or high-priority constituents retained in the Troutdale Formation for 
the RP SCE.   

● The inorganic concentrations in Troutdale Formation groundwater only slightly exceed the 
site-specific groundwater background levels, which are considered to be relatively low and 
may not be representative of background levels closer to the River.  All inorganic 
concentrations in Troutdale Formation groundwater are considered to be representative of 
regional background levels.  They are not attributable to a distinct source that would 
require need addressed by source control measures. 

16.6 GROUNDWATER – CRBG  

This section presents the results of the screening evaluation of the CRBG groundwater pathway.  This 
pathway is a current and potential future migration pathway to the River for a limited set of RP-related 
and non-RP-related constituents from multiple sources.  Potentially RP-related COIs detected in the 
CRBG adjacent to the Riverbank do not contribute the highest concentrations of COIs to this pathway.  
The monitoring well network in the CRBG includes wells where non-RP sources contribute the 
majority of COI load (e.g., DDx at RP-14-39 on Arkema Tract A).  Source control responsibility for this 
pathway, should it be considered appropriate, should be shared with those parties that contribute 
constituents to the CRBG groundwater pathway.  The CRBG groundwater pathway is described in 
Section 6 (the CSM), Section 7 (Potential Pathways for the RI), and Section 15 (Potential Pathways to 
the River for SCE).   
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The screening evaluation assessed all potential COIs in the CRBG pathway regardless of source.  
The dataset contained constituents in the following classes:  VOCs, SVOCs, herbicides, OCIs, 
PCDDs/PCDFs, petroleum hydrocarbons, and total and dissolved inorganics.  The CRBG pathway 
screening identified seven medium-priority COPCs (1,2-dichlorobenzene, 1,4-dichlorobenzene, vinyl 
chloride, and total and dissolved boron and barium) and two high-priority COPCs (total and dissolved 
arsenic) potentially carried forward to a potential SCAA.  Of these, many are naturally-occurring above 
SLVs in the Portland Basin, and potential risk that may be attributable to constituents related to RP is 
low relative to potential risk attributable to COPCs from other sources.  The screening evaluation is 
presented on Table J-8 in Appendix J.  The potential COIs screened, their progression through the 
screening process, and COIs retained as COPCs for consideration in a potential SCAA are discussed 
below. 

Sources for COIs in the CRBG groundwater at the Riverbank include historical auto fluff processing 
operations, transformers, and waste compressor oil on Schnitzer/Air Liquide Site, capacitors used in 
BNSF locomotives prior to the mid-1980s, historical operations (including cable sweating and 
transformers) at the NL/Gould Site; historical waste disposal and operations on the Arkema Site, 
potential placement of River dredge spoils containing wastes from multiple sources, which were used 
for fill in former Doane Lake and at Arkema, Siltronic, and BNSF sites; disposal of ESCO foundry 
waste, Gasco waste disposed on the Siltronic and BNSF sites, contributors of fill material to the multi-
source former Doane Lake, and urban/roadway runoff from Highway 30 and N.W. Front Avenue.  
These sources contributed COIs from the following chemical classes: VOCs, SVOCs, herbicides, 
OCIs, PCDDs/PCDFs, petroleum hydrocarbons, and inorganics.   

16.6.1 Dataset 
The dataset for the CRBG groundwater pathway included groundwater analytical results from 54 wells 
screened in the CRBG for the years 1982 through January 2010.  Sampling locations are shown on 
Figure 16-B. 

Data quality for each of the constituent classes in the above dataset was considered, as discussed in 
Section 16.1.1.  Those data with adequate data quality were used; data with identified quality issues 
that rendered them inappropriate were excluded from the screening evaluation.  Data quality issues 
were identified for OCIs and PCDDs/PCDFs, as described in Section 8.7 and Section 8.9, 
respectively.  The PCDD/PCDF data set (included in Appendix J, Table 18) was limited to analytical 
data collected between July 2008 and January 2010 that included additional quality assurance 
protocols as outlined in Section 8.9.  The OCI data set (included in Appendix J, Table 18) was limited 
to data analyzed using GC/HRMS from April 2007 and January 2010. 
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16.6.2 Screening Process Evaluation Variations 
There are no wells screened in the CRBG at the Riverbank in Region 4 (Figure 16-B).  A potential 
COI must be detected only in Riverbank Regions 1, 2, and 3 to be considered high priority.  

16.6.3 Screening Results   
The screening results are discussed by constituent class and then by each of the five screening steps, 
as applicable.  The CRBG pathway screening identified seven medium-priority COPCs (1,2-
dichlorobenzene, 1,4-dichlorobenzene, vinyl chloride, and total and dissolved boron and barium) and 
two high-priority COPCs (total and dissolved arsenic) potentially carried forward to a potential SCAA; 
of these, many are naturally-occurring above SLVs in the Portland Basin, and potential risk that may 
be attributable to constituents related to RP is low relative to potential risk attributable to COPCs from 
other sources.      

The CRBG groundwater data are screened against the DEQ-directed SLVs provided in Appendix J.  
The SCE COPCs for the multi-source CRBG groundwater pathway to be evaluated in a potential 
SCAA are summarized in Table 16-D.  Distribution figures for selected potential COIs are presented in 
Appendix K. 

16.6.3.1 VOCs 

Three VOCs (1,2-dichlorobenzene, 1,4-dichlorobenzene, and vinyl chloride) were carried forward to a 
potential SCAA.  The nature and extent and fate and transport of VOCs at the RP property and vicinity 
were discussed in Section 8.4.   

The RP source areas for VOCs are located in the vicinity of known tank farms, waste management 
areas and manufacturing operations in the HA, and in areas where NAPL is known to be present.  
The exception to this is for benzene, which appears to have isolated source areas distributed in both 
the HA and IA.  Several VOCs historically were used in formulation and manufacturing operations in 
the HA and IA (Table 2-C) and are:  1,2-dichlorobenzene, benzene, acetone, methylene chloride 
(dichloromethane or DCM), toluene, xylenes, trichloroethene, tetrachloroethene, and isobutyl alcohol.   

Historical investigations have identified VOC releases on the RP property and surrounding properties 
that have occurred throughout their industrial history.  VOC releases at the RP property have a 
distribution that is distinct from releases of VOCs at vicinity properties and, therefore, do not overlap 
with the release of trichloroethene on Siltronic Site in their manufacturing area, with the presence of 
BTEX related to MGP wastes on Siltronic and BNSF properties, or with releases of fuel-related 
products on Kinder Morgan/Willbridge Site (Section 8.4).  Questions concerning distribution of VOCs 
on Arkema Site remain, however, because investigations performed at Arkema Site to date have not 
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been designed to define VOC distributions at depth on Arkema Lots 1 and 2.  Thus, Arkema 
contributions to near-River groundwater cannot be fully evaluated. 

Forty-two VOCs were detected in the CRBG groundwater; 26 were detected above the SLV (Table J-
8 in Appendix J).  These 26 VOCs were carried forward to Tier 2 screening.   

Potential COI Identification and Tier 1 – SLV Comparison 

Three VOCs were assigned a medium priority and progress to the Tier 3 WOE evaluation.  All others 
were screened out in the Tier 2 Source and Pathway Identification screening for the following 
reasons: 1) 2 of the 26 VOCs (vinyl chloride and 1,2-dichloroethane) were not detected in the RP 
source areas; however, only 1,2-dichloroethane was removed from screening because vinyl chloride 
is produced by reductive dechlorination of trichloroethene, which was detected in the RP source area 
data set, 2) 6 were not detected at the Riverbank and 5 of the 6 do not have a potential for future 
Riverbank exceedance because they are not detected in wells directly upgradient of the Riverbank 
and/or are not considered mobile, 3) 13 were not continuously present between RP source areas and 
the Riverbank, and most of these do not have a potential for future Riverbank exceedance because 
they are not detected in wells directly upgradient of the Riverbank and/or are not considered mobile, 
and 4) 2 VOCs (o-xylene and toluene) did not exceed the DEQ-directed SLV in Riverbank wells, but 
have a potential for future exceedance because they are detected in wells directly upgradient of the 
Riverbank.  These two VOCs were not carried forward because the low concentrations at the 
monitoring wells upgradient of the Riverbank suggest that these COIs do not pose a potential for a 
future exceedance. 

Tier 2 – Source and Pathway Identification  

There are non-RP sources of these COIs to this pathway.  As described in Section 3.2 and Section 
8.4, non-RP sources of COIs contributing to the CRBG groundwater and immediately surrounding 
area include: DDT manufacturing and other processes at the Arkema Site (chlorobenzene and 
trichloroethene), historical MGP waste disposal at the Gasco, Siltronic, and BNSF properties (BTEX), 
the Kinder Morgan/Santa Fe Pacific Pipeline  (BTEX), runoff from Highway 30 (BTEX and MTBE), and 
the general industrial use of VOCs as solvents, in fuels, and in chemical manufacturing (Section 3.2). 

Thirty-eight VOCs were assigned a low priority because they screened out in Tier 1 SLV Comparison 
or Tier 2 Source and Pathway Identification.  One VOC (1,3-dichlorobenzene) was assigned a low 
priority because it is not a risk driver for the River and has low SLV exceedance.  Three VOCs (1,2-
dichlorobenzene, 1,4-dichlorobenzene, and vinyl chloride) were assigned medium priority, as they did 

Pathway Priority Evaluation 
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not meet the other criteria for a low or high-priority COI, and were carried forward to the WOE 
evaluation. 

The three VOCs included in the WOE evaluation (1,2-dichlorobenzene, 1,4-dichlorobenzene, and 
vinyl chloride) were further evaluated to determine if these VOCs should be retained as COPCs for 
consideration in a potential SCAA. 

Tier 3 – WOE Evaluation 

1,2-Dichlorobenzene, 1,4-dichlorobenzene, and vinyl chloride  have been detected above the SLV 
from RP source areas to the Riverbank within Regions 2 and 3.  Detections of vinyl chloride in 
monitoring wells screened in Region 1 are not related to RP sources, as this COI follows a predictable 
pattern from the RP source area to the Riverbank in the CRBG.  Detections in Region 1 and portions 
of Region 2 are related to historical activities by Arkema on its Site.  Based on the exceedances of the 
SLV at the Riverbank, concentrations above the SLV from RP source areas to the Riverbank, these 
COIs have been assigned a medium-priority COPC for a potential SCAA.      

16.6.3.2 SVOCs 

Only two SVOCs (1,2-dichlorobenzene and 1,4-dichlorobenzene) were retained through the Tier 1 
SLV Comparison and Tier 2 Source and Pathway Identification.  These same compounds are part of 
the EPA Method 8260B analysis for VOCs and were also evaluated as part of the VOC chemical 
class.  No SVOCs were carried forward to a potential SCAA.  The nature and extent and fate and 
transport of SVOCs at the RP property and vicinity were discussed in Section 8.5.   

The only SVOCs used in historical manufacturing or formulation operations at the RP property were 
phenol and chlorophenols.  Other potential sources of SVOCs at the RP property are fuel storage, 
handling, and use; vehicle maintenance activities; and the filling of former Doane Lake with imported 
soil and fill material including material from surrounding industrial properties.  Potential RP SVOC 
source areas are located in the vicinity of known tank farms, waste management areas, and 
manufacturing operations in the HA, and in areas where NAPL is known to be present.   

Historical investigations have identified SVOC releases on the RP property and surrounding 
properties that have occurred throughout their industrial history.  SVOC releases at the RP property 
have a distribution that is distinct from releases of SVOCs at vicinity properties and, therefore, do not 
overlap with the presence of PAHs related to MGP wastes on Siltronic Site or with releases on 
surrounding properties (Section 8.5).    
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Twenty-nine SVOCs were detected in the CRBG groundwater; 23 were detected above the SLV 
(Table J-8 in Appendix J).  These 23 SVOCs were carried forward to Tier 2 screening.   

Potential COI Identification and Tier 1 – SLV Comparison 

No SVOCs were carried forward from Tier 2 Source and Pathway Identification screening or retained 
as COPCs for the CRBG groundwater pathway.  In Tier 2 screening, 13 of the 23 SVOCs detected 
were not detected at the Riverbank and most do not have a potential for future exceedance because 
they were not detected in wells directly upgradient of the Riverbank and/or are not considered mobile.  
Two SVOCs, 4-chloro-o-cresol and 4-chlorophenol, were not tested at the Riverbank and were carried 
forward for further evaluation in Tier 2.  Based on available groundwater data for the other 
halogenated phenols, which have similar fate and transport properties, these SVOCs would not be 
continuously present between the RP source areas and the Riverbank, and do not have a potential for 
future exceedance because other halogenated phenols were not detected in wells directly upgradient 
of the Riverbank and are readily biodegradable.  Five of the remaining eight SVOCs detected at the 
Riverbank were not continuously present and most do not have a potential for future exceedance 
because they were not detected in wells directly upgradient of the Riverbank and/or are not 
considered mobile.   

Tier 2 – Source and Pathway Identification 

There are non-RP sources of these potential COIs to this pathway.  As described in Section 3.2 and 
Section 8.5, non-RP sources of SVOCs contributing to the CRBG groundwater and immediately 
surrounding area include: MGP waste associated with former Gasco operations and waste disposal 
practices on the Siltronic and BNSF sites.  Additional SVOC sources in the vicinity include fill material 
historically placed in areas of former Doane Lake now occupied by ESCO; potential River dredge 
spoils used as fill at the Siltronic, NL/Gould, BNSF, Gasco, and Arkema properties; bulk fuel storage 
and transfer activities on the Kinder Morgan/Willbridge Site, former operations at the Koppers, 
NL/Gould, and Schnitzer/Air Liquide sites; use of herbicides such 2,4-D and 2,4,5-T that can degrade 
to form 2,4-dichlorophenol; and general use of SVOCs in fuels. 

Twenty-six SVOCs were assigned a low priority because they screened out in Tier 1 SLV Comparison 
or Tier 2 Source and Pathway Identification.  One SVOC (1,3-dichlorobenzene) was assigned a low 
priority because it has a low SLV exceedance.  Two SVOCs, 1,2-dichlorobenzene and 1,4-
dichlorobenezne, were not further evaluated as they were screened in the Tier 3 WOE evaluation for 
the VOC chemical class.   

Pathway Priority Evaluation 



 

AMEC Earth & Environmental, Inc. 
604 Project No.:  0-61M-107030/Phase 0104/T6 
 K:\10000\10700\10703\0100 RI-FS-ROD\0104 RI Report\Draft RI\RI-SCE Report.Docx 

No WOE evaluation for SVOCs was conducted as no SVOCs progressed from Tier 2 Source and 
Pathway Identification and Pathway Priority Evaluation. 

Tier 3 – WOE Evaluation 

16.6.3.3 Herbicides 

No herbicides were carried forward to a potential SCAA based on concentrations, lack of continuity of 
the COIs from RP sources to the Riverbank, and lack of potential for future exceedances from an RP 
source.  The nature and extent and fate and transport of herbicides at the RP property and vicinity 
were discussed in Section 8.6.   

A limited set of herbicides was manufactured, packaged, or formulated at the RP property.  
Manufacturing was discontinued by 1982 with the exception of bromoxynil, which was discontinued in 
1990.  The primary herbicides manufactured included 2,4-D, Silvex, 2,4,5-T, Bromoxynil, dichlorprop, 
MCPA, and MCPP.  Some herbicide components were also packaged at the property for shipment to 
other manufacturers.  2,4,5-T was manufactured for a limited time between 1960 and 1962.  Because 
of the widespread application of herbicides, these chemicals may have been used and stored at many 
facilities and were routinely used along roadways (including N.W. Front Avenue) and in landscapes 
for noxious weed control. 

Historical investigations have identified herbicide releases on the RP property and surrounding 
properties that have occurred throughout their industrial history.  Herbicide releases at the RP 
property have a distribution that is distinct from releases of herbicides at vicinity properties (Section 
8.6). 

Ten herbicides were detected in the CRBG groundwater; eight exceeded the SLVs (Table J-8 in 
Appendix J).  The eight herbicides were carried into Tier 2 screening.   

Potential COI Identification and Tier 1 – SLV Comparison 

Of the eight herbicides carried into Tier 2 screening, two were not detected at the Riverbank, and one 
does not have a potential for future exceedance because it was not detected in wells directly 
upgradient of the Riverbank.  Four of the remaining six herbicides were determined not to be 
continuously present between the RP source areas and the Riverbank, and three do not have a 
potential for future exceedance because they were not detected in wells directly upgradient of the 
Riverbank.   

Tier 2 – Source and Pathway Identification  
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Eight herbicides were assigned a low priority because they screened out in Tier 1 SLV Comparison or 
Tier 2 Source and Pathway Identification.  Two herbicides (dichlorprop and Silvex) were assigned a 
low priority because it they had low SLV exceedances.  No herbicides progressed to Tier 3 WOE 
evaluation.   

Pathway Priority Evaluation 

No WOE evaluation for herbicides was completed because no herbicides progressed from Tier 1 SLV 
Comparison, Tier 2 Source and Pathway Identification, and Pathway Priority Evaluation. 

Tier 3 – WOE Evaluation 

16.6.3.4 OCIs 

No OCIs were carried forward to a potential SCAA based on concentrations, lack of continuity of the 
COI from RP sources to the Riverbank, and lack of potential for future exceedances from an RP 
source.  The nature and extent and fate and transport of OCIs at the RP property and vicinity were 
discussed in Section 8.7.   

OCIs were formulated in the IA from 1945 (StarLink, 2009) until 1969 (EMCON, 1992).  OCIs 
historically used in formulation and manufacturing operations in the IA (Table 2-C) are: aldrin, BHCs, 
chlordane, DDx, dieldrin, endosulfans, endrin, heptachlor, hexachlorobenzene, and toxaphene.  RP 
property source areas for OCIs are former operations areas in the IA and potential waste 
management areas in the LADD area.  OCI sources from other properties in the RP property vicinity 
include: historical DDT and lindane manufacturing at Arkema; historical DDT formulation at Kinder 
Morgan/Willbridge; filling of former Doane Lake with fill material sourced from vicinity industrial 
properties; use of OCIs for insect control in the general area; runoff containing OCIs from surrounding 
property owners including ESCO, NL/Gould, Schnitzer/Air Liquide, and RP; use of potential River 
dredge materials as fill on the Siltronic, BNSF, Gasco, NL/Gould, and Arkema properties that 
potentially contained OCIs from Arkema or up-River sources; and atmospheric deposition of OCIs.   

Historical investigations have identified OCI releases on the RP property and surrounding properties 
that have occurred throughout their industrial history.  OCI releases at the RP property have a 
distribution that is distinct from releases of OCIs at vicinity properties and, therefore, do not overlap 
with the presence of DDx related to manufacturing and disposal by Arkema on their site or with 
releases and uses on surrounding properties (Section 8.7). 

Twenty-three OCIs were detected in the CRBG groundwater; eight were not detected above the SLV 
(Table J-8 in Appendix J).  The remaining 15 OCIs were carried forward to Tier 2 screening.   

Potential COI Identification and Tier 1 – SLV Comparison 
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No OCIs passed on from Tier 2 Source and Pathway Identification screening or were retained as 
COPCs for the CRBG groundwater pathway.  Of the 15 OCIs screened in Tier 2, 5 were not detected 
at the Riverbank, 9 were not continuously present, and 1 did not exceed the SLV at the Riverbank.  
These OCIs do not have the potential for future exceedance at the Riverbank because they were not 
detected in wells directly upgradient of the Riverbank and/or are not considered mobile, with the 
exception of alpha-BHC.  This OCI was not carried forward because the low concentrations at the 
monitoring wells upgradient of the Riverbank suggest that this COI does not pose a potential for a 
future exceedance.   

Tier 2 – Source and Pathway Identification  

There are non-RP sources of these potential COIs to this pathway.  As described in Section 3.2 and 
Section 8.7, non-RP sources of OCIs contributing to the CRBG groundwater and immediately 
surrounding area include: historical DDT and lindane manufacturing at Arkema; filling of former Doane 
Lake with fill material sourced from vicinity industrial properties; use of OCIs for insect control in the 
general area; runoff containing OCIs from surrounding property owners including ESCO, NL/Gould, 
Schnitzer/Air Liquide, and RP; potential use of River dredge materials as fill on the Siltronic, BNSF, 
Gasco, NL/Gould, and Arkema properties that potentially contained OCIs from Arkema or up-River 
sources; and atmospheric deposition of OCIs. 

Fifteen OCIs were assigned a low priority because it screened out in Tier 1 SLV Comparison or Tier 2 
Source and Pathway Identification. 

Pathway Priority Evaluation 

No WOE evaluation for OCIs was completed because no OCIs progressed from Tier 1 SLV 
Comparison or Tier 2 Source and Pathway Identification. 

Tier 3 - WOE Evaluation 

16.6.3.5 PCDDs/PCDFs 

No PCDDs/PCDFs were carried forward to a potential SCAA based on concentrations, lack of 
continuity of the COI from RP sources to the Riverbank, and lack of potential for future exceedances 
from an RP source.  The nature and extent and fate and transport of PCDDs/PCDFs at the RP 
property and vicinity were discussed in Section 8.9.   

In the RP property vicinity, the presence of PCDDs/PCDFs in environmental media is a result of 
contribution from a number of sources that include inadvertent production as part of the chlorinated 
phenol chemistry conducted for the manufacture of herbicides, operation of furnace and boilers on a 
number of neighboring properties including combustion of PCB-containing fuel oils, historical 
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chloralkali manufacturing processes, placement of dredge spoils from the River for land-filling, 
secondary lead smelting, lead cable sweating, auto-shredder fluff disposal, atmospheric deposition 
concentrated in stormwater run-off,  and extensive continued generation of PCDDs/PCDFs from 
gasoline/diesel engines and industrial wood combustion (Cleverly et al., 2003). 

PCDDs/PCDFs in soil and groundwater in the RP property vicinity remain localized near source 
areas, and in groundwater they do not track well with other more soluble and/or mobile constituents 
(e.g., chlorinated benzenes) originating at the RP property.  PCDDs/PCDFs are present in 
groundwater beneath the RP property as well as at other locations within the RP property vicinity, 
typically with varied congener profiles.  This distribution is indicative of multiple sources of 
PCDDs/PCDFs to groundwater, and not of migration from the RP property. 

Twelve PCDD/PCDF congeners were detected in the CRBG groundwater (Table J-8 in Appendix J).  
The detections exceeded the SLVs, and the potential COIs moved forward to Tier 2 screening.   

Potential COI Identification and Tier 1 – SLV Comparison 

No PCDD/PCDF congeners passed on from Tier 2 Source and Pathway Identification screening or 
were retained as COPCs for the CRBG groundwater pathway.  The 12 PCDD/PCDF congeners 
screened in Tier 2 were detected at the Riverbank wells but were not continuously present between 
the RP source areas and the Riverbank and do not have a potential for future exceedance, because 
they were not detected in wells directly upgradient of the Riverbank and/or are not considered mobile.   

Tier 2 – Source and Pathway Identification  

There are non-RP sources of these potential COIs to this pathway.  As described in Section 3.2 and 
Section 8.9, non-RP sources of PCDDs/PCDFs contributing to the CRBG groundwater and 
immediately surrounding area include: historical operations at the former NL/Gould Site that would 
generate PCDD/PCDF from secondary lead battery smelting, sweating of cable wrapped in either 
plastic or PCB-coated paper for lead and copper recovery, or burning of plastic battery casings; 
historical operations on the Schnitzer/Air Liquide Site that would generate PCDD/PCDF from burning 
of auto fluff for metals recovery; historical operations at the Arkema Site; widespread use of 
pentachlorophenol-treated wood products; potential River dredge materials containing PCDDs/PCDFs 
from the wood preservative product wastes from the McCormick & Baxter Site, which were deposited 
in former Doane Lake and on the Arkema, Siltronic, and other properties; and miscellaneous sources 
including exhaust from diesel-powered trucks and railroad locomotives, and use of industrial boilers or 
furnaces on multiple properties in the vicinity of the RP property. 
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All PCDDs/PCDFs were assigned a low priority because they screened out in Tier 1 SLV Comparison 
or Tier 2 Source and Pathway Identification. 

Pathway Priority Evaluation 

No WOE evaluation for PCDDs/PCDFs was conducted as no PCDDs/PCDFs progressed from Tier 2 
Source and Pathway Identification. 

Tier 3 - WOE Evaluation 

16.6.3.6 PCBs 

No PCBs were carried forward to a potential SCAA based on concentrations, lack of continuity of the 
COI from RP sources to the Riverbank, and lack of potential for future exceedances from an RP 
source.  The nature and extent and fate and transport of PCBs at the RP property and vicinity were 
discussed in Section 8.10.   

Historical records concerning presence and use of PCBs at the RP property show that potential 
sources of PCBs are limited to eight transformers formerly in the HA and IA and possible use of small 
amounts of heat transfer fluid that may have contained PCBs during a short period of time.  PCB 
concentrations in groundwater do not indicate downgradient transport of PCBs from potential source 
areas at the RP property.  The nature and distribution of PCBs detected in groundwater provide 
evidence that PCBs detected in groundwater are related to distinct sources and that the RP property 
is not a source of PCBs in groundwater near N.W. Front Avenue or the River.   

PCB sources from other properties in the RP property vicinity include historical auto fluff processing 
operations, transformers, and waste compressor oil on the Schnitzer/Air Liquide Site; historical 
operations (including cable sweating and transformers) at the NL/Gould Site, burning of PCB-
containing waste oil on the Arkema Site; the BPA substation and transformers located on the Arkema 
Site; and potential placement of River dredge spoils containing wastes from multiple sources, which 
were used for fill in former Doane Lake and on the Arkema, Siltronic, Gasco, NL/Gould, and BNSF 
properties. 

PCB congener 77 and total PCBs (inferred Aroclor 1232) were detected in the CRBG groundwater 
and were carried forward to Tier 2 screening. 

Potential COI Identification and Tier 1 – SLV Comparison 
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No PCBs passed on from Tier 2 Source and Pathway Identification screening or were retained as 
COPCs for the CRBG groundwater pathway.  PCB congener 77 was not analyzed for in the RP 
source areas or at the Riverbank.  However, this PCB was not continuously present between the RP 
source areas and the Riverbank, and does not have a potential for future exceedance because it is 
not detected in wells directly upgradient of the Riverbank and is not considered mobile.  Total PCBs, 
based on inferred Aroclor 1232, were not detected in the RP source areas.   

Tier 2 – Source and Pathway Identification  

There are non-RP sources of these potential COIs to this pathway.  As described in Section 3.2 and 
Section 8.10, non-RP sources of PCBs contributing to the CRBG groundwater and immediately 
surrounding area include: historical auto fluff processing operations, transformers, and waste 
compressor oil on the Schnitzer/Air Liquide Site; capacitors used in BNSF locomotives prior to the 
mid-1980s; historical operations (including cable sweating and transformers) at the former NL/Gould 
Site; burning of PCB-containing waste oil on the Arkema Site; the BPA substation and transformers 
located on the Arkema Site; potential placement of River dredge spoils containing wastes from 
multiple sources, which were used for fill in former Doane Lake and at Arkema, Siltronic, Gasco, 
NL/Gould, and BNSF properties; and urban/roadway runoff from Highway 30 and N.W. Front Avenue. 

All PCBs were assigned a low priority because they screened out in Tier 1 SLV Comparison or Tier 2 
Source and Pathway Identification. 

Pathway Priority Evaluation 

No WOE evaluation for PCBs was conducted as no PCBs progressed from Tier 2 Source and 
Pathway Identification.   

Tier 3 - WOE Evaluation 

16.6.3.7 Petroleum Hydrocarbons 

No petroleum hydrocarbons were carried forward to a potential SCAA based on concentrations, lack 
of continuity of the COI from RP sources to the Riverbank, and lack of potential for future 
exceedances from an RP source.  The nature and extent and fate and transport of petroleum 
hydrocarbons at the RP property and vicinity were discussed in Section 8.11.   

Petroleum hydrocarbons are detected in groundwater at all properties within the RP property vicinity.  
Petroleum hydrocarbons are most commonly detected in the Artificial Fill or in the uppermost portion 
of the Fine-Grained Alluvium where the Artificial Fill is absent.  Confirmed petroleum hydrocarbon 
detections in the CRBG are limited which is consistent with the shallow sources of petroleum 
hydrocarbons to groundwater released from a variety of heavy industrial uses in the RP property 
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vicinity, including fueling and equipment operation at multiple industrial facilities, and potential 
placement of River dredge spoils containing wastes from multiple sources, which were used for fill in 
former Doane Lake and at Arkema, Siltronic, Gasco, NL/Gould, and BNSF properties. 

Two petroleum hydrocarbons (diesel-range and residual-range hydrocarbons) were detected in the 
CRBG.  These potential COIs do not have a DEQ-directed SLV or appropriate surrogate (Table J-1 in 
Appendix J).  Therefore, no petroleum hydrocarbons were carried through the screening process.   

Potential COI Identification and Tier 1 – SLV Comparison 

No Tier 2 Source and Pathway Identification for petroleum hydrocarbons was completed because no 
petroleum hydrocarbons progressed from Tier 1 SLV Comparison. 

Tier 2 – Source and Pathway Identification 

Priority was not evaluated because no petroleum hydrocarbons passed on from Tier 1 SLV 
Comparison. 

Pathway Priority Evaluation 

No WOE evaluation for petroleum hydrocarbons was conducted as no petroleum hydrocarbons 
progressed from Tier 1 SLV Comparison. 

Tier 3 - WOE Evaluation 

16.6.3.8 Inorganics 

Four inorganics (total and dissolved barium and boron) were retained as medium-priority COPCs for a 
potential SCAA.  Total and dissolved arsenic were carried forward as high-priority COPCs, although 
the widespread distribution of similar concentrations of arsenic across multiple properties in the RP 
property vicinity, and the lack of identifiable gradients away from specific source areas, indicate that 
the arsenic in groundwater is likely related to the nature of formation or fill materials in the area.  The 
nature and extent and fate and transport of inorganics at the RP property and vicinity were discussed 
in Section 8.12.   

The distribution of inorganic constituents in environmental media at the RP property and vicinity is 
widespread as expected given the natural and anthropogenic sources of inorganics in the 
environment.  There is no discernible pattern or gradient to concentrations of inorganics in 
groundwater that suggests the presence of a coherent plume that originates in and moves away from 
any particular source area.  Although areas of higher concentration are evident in the data, these 
apparent source areas are surrounded by multiple data points with lower or nondetectable 
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concentrations of the same element.  The LWG has made the same observation of lack of any evident 
distributional pattern in the upland groundwater evaluation provided in the Draft RI Report (LWG, 
2009).  Furthermore, River sediments and local soils are documented to contain native concentrations 
of a number of metals that are present in environmental media at the RP property and vicinity. 

Twenty-six total inorganics and 25 dissolved inorganics were detected in the CRBG groundwater 
(Table J-8 in Appendix J).  Antimony (total and dissolved), chromium (total and dissolved), and 
molybdenum (total and dissolved) did not exceed their respective SLVs and were not carried forward 
to the Tier 2 screening evaluation.  One inorganic, total uranium, was determined to have insufficient 
data (eleven sampling locations in a limited lateral area) for decision making and was not carried 
forward in the screening evaluation.  The remaining potential inorganic COIs were carried forward to 
Tier 2 in the screening evaluation.  

Potential COI Identification and Tier 1 – SLV Comparison 

Tier 2 – Source and Pathway Identification  

Of the 22 total inorganics screened in Tier 2, 7 total inorganics were not continuously present between 
the RP source areas and the Riverbank, and do not have a potential for future exceedance because 
they are not considered mobile.  One total inorganic, zinc, was not detected in groundwater at the 
Riverbank and does not have a potential for future exceedance because it is not considered mobile.   

Total Inorganics 

Of the 22 dissolved inorganics screened in Tier 2, 7 were not continuously present between the RP 
source areas and the Riverbank, and do not have a potential for future exceedance because they 
were not detected in wells directly upgradient of the Riverbank and/or are not considered mobile.  One 
dissolved inorganic, zinc, was not detected in groundwater at the Riverbank, and does not have a 
potential for future exceedance because it is not considered mobile under groundwater geochemical 
conditions at the RP property vicinity.   

Dissolved Inorganics 

There are non-RP sources of these potential COIs to this pathway.  As described in Section 3.2 and 
Section 8.12, non-RP sources of inorganics contributing to the CRBG groundwater and immediately 
surrounding area include: leaching of native inorganic constituents from formation materials, disposal 
of battery casings, battery acid, and secondary lead smelter residuals on the NL/Gould property, 
disposal of MGP waste on the BNSF, Gasco, and Siltronic properties, disposal of foundry sand in 
former Doane Lake by ESCO, historical auto fluff processing, acetylene manufacture, and other 
operations on Schnitzer/Air Liquide Site, historical disposal activities by Arkema on its site, and 
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potential placement of River dredge spoils containing wastes from the McCormick & Baxter Site, 
which were used for fill in former Doane Lake, Arkema, Siltronic, Gasco, NL/Gould, and BNSF 
properties. 

Pathway Priority Evaluation 

Twelve total inorganics were assigned a low priority because they screened out in Tier 1 SLV 
Comparison or Tier 2 Source and Pathway Identification.  Seven total inorganics were assigned a low 
priority because they are not risk drivers for the River and have low SLV exceedances.  Six total 
inorganics were assigned medium priority, as they either did not exceed their SLV by a factor of 1,000 
or meet the other criteria for a low or high-priority COI, and were carried forward to the WOE 
evaluation.  Total arsenic was assigned high priority, as it exceeds its SLV by over a factor of 1,000 
and meets the other criteria for a high-priority COI.  However, if the maximum Riverbank detection for 
total arsenic were screened against the background level rather than the DEQ-directed SLV, the 
exceedance ratio would be approximately 50, rather than over 1,000.  Comparison to natural 
background levels of arsenic also indicates that this COI does not significantly contribute to mass 
loading to the River.   

Total Inorganics 

Eleven dissolved inorganics were assigned a low priority because they screened out in Tier 1 SLV 
Comparison or Tier 2 Source and Pathway Identification.  Seven dissolved inorganics were assigned 
a low priority because they are not risk drivers for the River and have low SLV exceedances.  Six 
dissolved inorganics were assigned medium priority, as they either did not exceed their DEQ-directed 
SLV by a factor of 1,000 or meet the other criteria for a low or high-priority COI, and were carried 
forward to the WOE evaluation.  Dissolved arsenic was assigned high priority, as it exceeds its DEQ-
directed SLV by over a factor of 1,000 and meets the other criteria for a high-priority COI.  However, if 
the maximum Riverbank detection for dissolved arsenic were screened against the background level 
rather than the DEQ-directed SLV, the exceedance ratio would be approximately 57, rather than over 
1,000.  Comparison to natural background levels of arsenic also indicates that this COI does not 
significantly contribute to mass loading to the River. 

Dissolved Inorganics 

The WOE evaluation for inorganics includes screening the potential COIs against DEQ-approved site-
specific background inorganic values (Table J-3 in Appendix J).  All of the five total and five dissolved 
inorganics in the CRBG groundwater retained for screening in the WOE evaluation exceeded the 
background levels and were further evaluated in the WOE.   

Tier 3 – WOE Evaluation 
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Total and Dissolved Barium – Barium was not used in the manufacturing processes at the RP 
property (Table 2-C), but is documented to be present at native concentrations in the hundreds of 
mg/kg in Oregon soils and River sediments.  Industrial processes which may have contributed barium 
to soil and groundwater in the area include asphalt production at Kinder Morgan, disposal of ESCO 
foundry waste, disposal of chlor-alkali production process waste from Arkema, and disposal of shot 
blast waste from AirLiquide (Appendix L).   

The highest concentrations of total and dissolved barium were associated with monitoring wells RP-
02-116 and RP-02-66, located on the Arkema Site.  Many of the highest detections in the SCE 
dataset have been on properties other than RP, with the highest detections stemming from wells on 
the Arkema Site.  The pattern of higher detections on the Arkema Site near the Riverbank indicates 
that this property may be a source of total and dissolved barium to the River.  The majority of the total 
and dissolved barium detections (90%) do not exceed by more than 10 times the background value.   

Based on the high detections on neighboring properties, the low data set exceedance ratio compared 
to the background value, likely historical non-RP sources of barium to the former Doane lake area, 
and the lack of historical use of barium at the RP property, this COI has been assigned a low priority 
for the RP SCE.  In strict accordance with the DEQ-approved screening process, these COPCs are 
being carried forward as medium-priority COPCs for consideration in a potential SCAA to be 
performed by parties other than RP related to the CRBG groundwater pathway. 

Total and Dissolved Boron – Boron was not used in the manufacturing processes at the RP property 
(Table 2-C).  Boron has not been identified as a compound disposed of or used at other sites within 
the RP vicinity, but it has been identified as a COI within the Willamette River dredge materials (Table 
3-A).   

The highest concentrations of total and dissolved boron were associated with monitoring well W-19-
211, located on the Arkema Site.  Boron was detected most often and at highest concentrations in 
Arkema and Siltronic site wells.  Fifty-two percent of the total boron detections in the CRBG dataset 
exceeded the background value; however, none of these detections exceeded by more than 5 times 
the background value.  Total and dissolved boron has not routinely been detected above the 
background value at the Riverbank.  Total and dissolved boron has been detected above background 
values at the Arkema, BNSF, City, and ESCO properties, as well as the multi-source Doane Lake, 
suggesting that there is not a single source of this compound.   

Based on the distribution of boron detections, the lack of continuous detections above the background 
value at the Riverbank, likely historical non-RP sources of barium to the former Doane lake area, and 
the lack of historical use of barium at the RP property, this COI has been assigned a low priority for 
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the RP SCE.  In strict accordance with the DEQ-approved screening process, these COPCs are being 
carried forward as medium-priority COPCs for consideration in a potential SCAA to be performed by 
parties other than RP related to the CRBG groundwater pathway. 

Total and Dissolved Calcium – Calcium use has been documented at the RP property in the IA, where 
it was used in the compound calcium chloride, and in the HA as lime slurry (Table 2-C).  Calcium has 
also been identified as a COI in the Willamette River dredge materials and calcium hydroxide has 
been identified as a COI on the ESCO property (Table 3-A).   

The highest concentration of total and dissolved calcium was associated with monitoring well RP-02-
116 located on the Arkema Site.  Eighty-two percent of the total calcium and eighty-eight percent of 
the dissolved detections in the CRBG dataset exceed the background value, suggesting that the 
CRBG in the RP property and vicinity has elevated naturally-occurring calcium.  Total and dissolved 
calcium were also routinely detected above the background values at the Riverbank.  Total and 
dissolved calcium were detected most often and at the highest concentrations at the Arkema and 
Siltronic sites, as well as within the multi-source former Doane Lake. 

Based on the distribution of detections, the high exceedance ratio compared to the background value 
at the Riverbank and lack of detections from RP sources to the Riverbank, this COI has been 
assigned a low priority for the RP SCE.  Source control for calcium is not necessary in the CRBG as 
levels are consistent with naturally-occurring background.    

Total and Dissolved Manganese – Manganese was not identified as a chemical used in the 
manufacturing processes at the RP property (Table 2-C), but is present at concentrations between 
100 mg/kg and 2000 mg/kg in native soils and River sediments.  Manganese has been identified as a 
COI for the ESCO and GS Roofing sites, and the Willamette River dredge materials (Table 3-A).   

The highest concentrations of total manganese were associated with monitoring well RP-04-56 on the 
BNSF Site, near the head of former WDL.  Seventy-two percent of the total manganese detections 
and ninety-one percent of the dissolved manganese detections in the CRBG dataset exceed the 
background value, suggesting that the CRBG in the RP property and vicinity has elevated naturally-
occurring manganese.  Concentrations of total and dissolved manganese above the background 
value at multiple properties do not suggest a single source as there is not a distinct plume along a 
groundwater flow path from these areas of higher concentrations.  Detections of total and dissolved 
manganese exceeded background concentrations on the Arkema, BNSF, City, ESCO, and Siltronic 
sites, as well as the multi-source former Doane Lake.   
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Based on the distribution of detections, the high exceedance ratio compared to the background value 
at the Riverbank and lack of detections from RP sources to the Riverbank, this COI has been 
assigned a low priority for the RP SCE.  Source control for manganese is not necessary in the CRBG 
as levels are consistent with naturally-occurring background. 

Total and Dissolved Vanadium – Vanadium was not a chemical used in the manufacturing processes 
at the RP property (Table 2-C), but is present at concentrations between 150 mg/kg and 2,000 mg/kg 
in native soils and River sediments.  Only 3 of 99 detections in the SCE dataset exceed background, 
and only one of these results exceeds by more than 10 times the background value.  Based on the 
low number of detections exceeding the background value, this COI has been assigned a low priority 
for the RP SCE.  Source control for vanadium is not necessary, as levels in the CRBG are consistent 
with naturally-occurring background. 

16.6.4 CRBG Pathway Priority 
The potential COIs retained as COPCs for the multi-source CRBG groundwater pathway are provided 
on Table 16-D.  The number of COPCs per constituent class is summarized below: 

● Three VOCs (1,2-dichlorobenzene, 1,4-dichlorobenzene, and vinyl chloride) were retained 
as medium-priority COPCs; 

● Four inorganics (total and dissolved barium and boron)were retained as medium-priority 
COPCs; and 

● Total and dissolved arsenic was retained as high-priority COPCs, although the widespread 
distribution of similar concentrations of arsenic across multiple properties in the RP 
property vicinity, and the lack of identifiable gradients away from specific source areas, 
indicate that the arsenic in groundwater is likely related to the nature of formation or fill 
materials in the area. 

Determining whether the CRBG pathway should be carried forward to a potential SCAA depends on 
the locations of constituent plumes at the Riverbank.  Groundwater plumes occur from sources on the 
Siltronic, RP, and Arkema sites.  Groundwater impacts at the River from Arkema source areas are 
partially covered by Arkema’s SCE that addresses portions of Tract A, Lots 3 and 4.  Groundwater 
evaluation for Tract A, Lot 1 and 2 areas cannot be analyzed sufficiently for non-RP constituents with 
the data in the RP database, and further evaluation of the need for source control for these COPCs 
should be evaluated by Arkema.  

As discussed in Section 16.3, RP COIs are discernable within the lower portion of the Fine-Grained 
Alluvium, the Alluvial-Colluvial Gravel, and upper portion of the CRBG in the area approximately 
between monitoring well clusters RP-02 to RP-11 near the Riverbank.  COI movement follows 
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groundwater flow as a single plume through these stratigraphic units.  This plume area should have a 
low priority, except for that portion where DDx compounds and potentially inorganics originating on 
the Arkema Site overlap with the medium-priority VOCs, inorganics, and high-priority arsenic. 

16.7 CITY OUTFALL 22C – NON-STORMWATER 

This section presents the results of the screening evaluation for the City Outfall 22C non-stormwater 
pathway.  City Outfall 22C is considered a current and potential future migration pathway for non 
stormwater for limited non-RP constituents from multiple sources.  The City Outfall 22C non-
stormwater pathway is described in Section 6 (the CSM), Section 7 (Potential Pathways for the RI), 
and Section 15 (Potential Pathways to the River for SCE).   

The RP property does not have, and has not historically had, a direct, piped connection to the City 
Outfall 22C storm sewer, nor is there an overland flow connection from the RP property to the 22C 
system.  As discussed in Section 6.2.4, City Outfall 22C receives flow from Doane Creek, NDP, NDL, 
and shallow groundwater.  City Outfall 22C is an 84-inch-diameter outfall that discharges at the 
Riverbank just north of the BNSF railroad bridge.  This outfall receives flow via NDP, which in turn 
receives flow from both NDL (via a 48-inch culvert under the railroad tracks) and Doane Creek (Figure 
6-S).  In addition to inflow from Doane Creek, roof drains from Siltronic’s administration building also 
are connected to City Outfall 22C (MFA, 2007).  The City Outfall 22C storm sewer also is assumed to 
receive infiltration of groundwater as portions of the storm sewer are below the water table.   

As provided Section 6.2.1.1 downward vertical gradients exist in the Artificial Fill groundwater across 
the RP property and vicinity and specifically north of the BNSF railroad embankment.  These 
gradients prevent a complete groundwater pathway from RP source areas to the 84-inch-diameter 
City Outfall 22C storm sewer system because vertical gradients in groundwater are downward near 
the City Outfall 22C storm sewer.  

The screening evaluation assessed all potential COIs in the City Outfall 22C non-stormwater pathway 
regardless of source.  The dataset contained constituents in the following classes:  VOCs, SVOCs, 
herbicides, OCIs, PCDDs/PCDFs, PCBs, petroleum hydrocarbons, and total and dissolved inorganics.  
The multi-source City Outfall 22C stormwater pathway screening identified nine COPCs potentially 
carried forward to a potential SCAA.  None of these nine COPCs were related to RP operations; 
therefore, no COPCs were identified for the RP SCE.  The screening evaluation is presented on Table 
J-9 of Appendix J.  Discussed below are the potential COIs screened, their progression through the 
screening process, and COIs retained as COPCs for consideration in a potential SCAA. 
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Sources for COIs in the City Outfall 22C non-stormwater pathway at the outfall include Gasco waste 
disposed on the Siltronic and BNSF sites, potential River dredge material placed on Siltronic and 
BNSF sites, and infiltration of urban runoff from the Tualatin Mountains and Highway 30.  These 
sources contributed COIs from the following chemical classes: VOCs, SVOCs, herbicides, OCIs, 
PCDDs/PCDFs, PCBs, petroleum hydrocarbons, and inorganics. 

16.7.1 Dataset 
The dataset for the City Outfall 22C non-stormwater pathway screening included the following 
samples:   

● Non-stormwater samples collected from the terminus of City Outfall 22C on October 13, 
2002, November 18, 2003, September 23, 2004, and July 8, 2009; 

● NDP surface water samples from August 13, 2002, and November 13, 2003; 

● NDL surface water samples from November 14 and 17, 2003; and 

● NDP seep samples from November 17, 2003.   

Samples collected by Gasco as reported in the City Outfall 22C Drainage Sampling Report (HAI, 
2006) were included in this evaluation.  This included VOC, SVOC, and inorganics analytical results 
from Station-01 (terminus of City Outfall 22C); Station-02 (east end of NDP); and Station-03 (at NDP 
near outflow pipe from NDL).  The sample from Station-02 was collected on February 24, 2005.  The 
samples from Stations-01 and –03 were collected on February 24 and October 24, 2005.  Sample 
locations are shown on Figure 16-D.   

Data quality for each of the constituent classes in the above dataset was considered, as discussed in 
Section 16.1.  Those data with adequate data quality were used; data with identified quality issues 
that rendered them inappropriate were excluded from the screening evaluation.  Data quality issues 
were identified for OCIs and PCDDs/PCDFs, as described in Section 8.7 and Section 8.9, 
respectively.  The PCDD/PCDF data set (included in Appendix J, Table 19) was limited to analytical 
data collected July 8, 2009 that included additional quality assurance protocols.  The OCI data set 
(included in Appendix J, Table 19) was limited to data analyzed using GC/HRMS on July 8, 2009. 

Surface water samples from NDL and NDP from 1995 (included in Appendix C, Tables C5-1 through 
C5-11) were not included in the screening evaluation, as they are not indicative of current conditions.  
A beaver dam has been observed at the 48-inch outlet pipe of NDL, which raised the level of the lake 
after the 1995 samples were collected.  Samples collected since 2002 are more representative of 
current site conditions.  
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Groundwater infiltration into the storm sewer system was considered for this pathway; however, data 
from groundwater were not included in the non stormwater screening evaluation for City Outfall 22C.  
From review of City Outfall 22C storm sewer as-builts, water levels from monitoring wells near the City 
Outfall 22C alignment, and the CSM (see Section 6) for the RP property vicinity, it was determined 
that there is not a current or future pathway for potential COIs from an RP source area to be 
transported in the Artificial Fill to the City Outfall 22C storm sewer system.  As provided in Section 
6.2.1.1, and as shown on Figure 6-Q, downward vertical gradients exist predominately across the RP 
property and vicinity, specifically north of the BNSF railroad embankment.  These gradients prevent a 
complete pathway from RP source areas to the 84-inch-diameter City Outfall 22C storm sewer system 
because vertical gradients are downward from the City Outfall 22C storm sewer toward the 
groundwater.    

16.7.2 Screening Evaluation Process Variations 
A potential COI was considered “continuously present” if it was detected at least once in each of the 
following:   

● Upper 15 feet of the on-property HHRA LADD exposure unit soil dataset;  

● NDL and NDP surface water; and 

● Non-stormwater at the outfall.  

These data sets (upper 15 feet of LADD exposure unit soil, NDL and NDP surface water, and non-
stormwater at the outfall) represent the only media from which potential RP-related constituents could 
migrate to City Outfall 22C non-stormwater.  No future changes are anticipated to non-stormwater 
conditions and sources to City Outfall 22C; therefore, there is no “potential future exceedance” for 
COIs that were not detected in non-stormwater or were not “continuously present”.      

16.7.3 Screening Results 
The screening results are discussed by constituent class and then by each of the five screening steps 
as applicable.  The multi-source City Outfall 22C stormwater pathway screening identified nine 
COPCs potentially carried forward to a potential SCAA.  None of these nine COPCs were related to 
RP operations; therefore, no COPCs were identified for the RP SCE.  The screening evaluation is 
presented on Table J-9 of Appendix J.  The City Outfall 22C non-stormwater data are screened 
against the DEQ-directed SLVs provided in Appendix J.     
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16.7.3.1 VOCs 

One VOC, naphthalene, was retained through the Tier 1 SLV Comparison and Tier 2 Source and 
Pathway Identification.  This same compound is part of the EPA Method 8270C analysis for SVOCs 
and was evaluated as part of the SVOC chemical class.  No VOCs were carried forward to a potential 
SCAA.  The nature and extent and fate and transport of VOCs at the RP property and vicinity were 
discussed in Section 8.4.   

The RP source areas for VOCs are located in the vicinity of known tank farms, waste management 
areas and manufacturing operations in the HA, and in areas where NAPL is known to be present.  
The exception to this is for benzene, which appears to have isolated source areas distributed in both 
the HA and IA.  Several VOCs historically were used in formulation and manufacturing operations in 
the HA and IA (Table 2-C) and are:  1,2-dichlorobenzene, benzene, acetone, methylene chloride 
(dichloromethane or DCM), toluene, xylenes, trichloroethene, tetrachloroethene, and isobutyl alcohol.   

Historical investigations have identified VOC releases on the RP property and surrounding properties 
that have occurred throughout their industrial history.  VOC releases at the RP property have a 
distribution that is distinct from releases of VOCs at vicinity properties and, therefore, do not overlap 
with the release of trichloroethene on Siltronic Site in their manufacturing area, with the presence of 
BTEX related to MGP wastes on Siltronic Site, or with releases of fuel-related products on Kinder 
Morgan/Willbridge Site (Section 8.4). 

Sixteen VOCs were detected in the City Outfall 22C non-stormwater dataset (Table J-9 in Appendix 
J).  Only detections of 1,4-dichlorobenzene, benzene, and naphthalene were greater than the DEQ-
directed SLV.  These potential COIs were carried forward to Tier 2.  

Potential COI Identification and Tier 1 – SLV Comparison 

One VOC (naphthalene) was assigned a medium priority and progressed to the Pathway Priority 
Identification.  The remaining two VOCs were screened out in the Tier 2 Source and Pathway 
Identification screening for the following reasons: 1) 1,4-dichlorobenzene was not detected in non-
stormwater at City Outfall 22C, and 2) benzene was not continuously present between the RP source 
areas and the outfall.  The remaining VOC (naphthalene) progressed to the Pathway Priority 
Identification. 

Tier 2 – Source and Pathway Identification 

There are non-RP sources of these potential COIs to this pathway.  As described in Section 3.2 and 
Section 8.4, non-RP sources of VOCs contributing to the City Outfall 22C non-stormwater and 
immediately surrounding area include: Gasco, and urban runoff from the Tualatin Mountains and 
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Highway 30.  Along with other VOCs, naphthalene is a marker compound for MGP waste on the 
Gasco and Siltronic sites, as stated in the Source Control Evaluation Report, Segment 3 Siltronic 
Property Related to NW Natural “Gasco” Site (Anchor QEA, 2009).  Particularly high detections of 
these compounds were found in groundwater on the Siltronic property.     

Fifteen of sixteen VOCs were assigned low priority because they screened out in Tier 1 SLV 
Comparison or Tier 2 Source and Pathway Identification.  Naphthalene was not further evaluated as 
part of the VOC chemical class because it is addressed in the Tier 3 WOE evaluation for the SVOC 
chemical class.  No VOCs progressed to the Tier 3 WOE evaluation.  

Pathway Priority Identification 

No WOE evaluation for VOCs was conducted because no VOCs progressed from Tier 2 Source and 
Pathway Identification and Pathway Priority Evaluation. 

Tier 3 – WOE Evaluation 

16.7.3.2 SVOCs 

Two SVOCs were carried forward as a medium-priority COPC to a potential SCAA, but these COPCs 
were not related to RP operations.  No SVOCs were retained for the RP SCE.  The nature and extent 
and fate and transport of SVOCs at the RP property and vicinity were discussed in Section 8.5.   

The only SVOCs used in manufacturing or formulation operations at the RP property were phenol and 
chlorophenols.  Other potential sources of SVOCs at the RP property are fuel storage, handling, and 
use; vehicle maintenance activities; and the filling of former Doane Lake with imported soil and fill 
material including material from surrounding industrial properties.  Potential RP SVOC source areas 
are located in the vicinity of known tank farms, waste management areas and manufacturing 
operations in the HA, and in areas where NAPL is known to be present.   

Historical investigations have identified SVOC releases on the RP property and surrounding 
properties that have occurred throughout their industrial history.  SVOC releases at the RP property 
have a distribution that is distinct from releases of SVOCs at vicinity properties, and, therefore, do not 
overlap with the presence of PAHs related to MGP wastes on Siltronic Site or with releases of PAHs 
or other SVOCs on surrounding properties (Section 8.5). 

Eighteen SVOCs were detected in the City Outfall 22C non-stormwater dataset.  The concentrations 
of all but one SVOC, (benzo[g,h,i]perylene) were greater than the DEQ-directed SLV and were carried 
forward to Tier 2.  

Potential COI Identification and Tier 1 – SLV Comparison 
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Two SVOCs were assigned a medium priority and progressed to the Tier 3 WOE evaluation.  The 
fifteen remaining SVOCs were screened out in the Tier 2 Source and Pathway Identification screening 
for the following reasons: 1) one SVOC was not detected in the upper fifteen feet of LADD exposure 
unit soil, 2) two SVOCs were not detected in non-stormwater flow at City Outfall 22C, and 3) twelve 
SVOCs were not continuously present between the RP source areas and the River.   

Tier 2 – Source and Pathway Identification 

There are non-RP sources of these potential COIs to this pathway.  As described in Section 3.2 and 
Section 8.5, non-RP sources of SVOCs contributing to the City Outfall 22C non-stormwater and 
immediately surrounding area include: Gasco, BNSF, urban runoff from the Tualatin Mountains and 
Highway 30.  PAHs, particularly acenaphthene and naphthalene, are marker compounds for MGP 
waste on the Gasco and Siltronic sites as stated in the Source Control Evaluation Report, Segment 3 
Siltronic Property Related to NW Natural “Gasco” Site (Anchor QEA, 2009).  Particularly high 
detections of these compounds were found in groundwater on Siltronic Site.  Acenaphthene has been 
detected at levels exceeding the SLV in Doane Creek sediment upstream from the NDP.   

Sixteen of eighteen SVOCs detected in non-stormwater were assigned a low priority because they 
screened out in Tier 1 SLV Comparison or Tier 2 Source and Pathway Identification.  The remaining 
two SVOCs, acenaphthene and naphthalene, did not meet the criteria for a low or high-priority COI 
and were carried forward to the WOE evaluation. 

Pathway Priority Evaluation 

The two PAHs included in the WOE evaluation, acenaphthene and naphthalene, were further 
evaluated to determine if these PAHs should be retained as COPCs for consideration in a potential 
SCAA.  The PAHs detected in City Outfall 22C non-stormwater data sets are not from an RP source.  
PAHs were not used in manufacturing or formulation operations at the RP property, and 
acenaphthene and naphthalene are infrequently detected in groundwater in RP source areas.  
Acenaphthene and naphthalene detections, when they occur, are less than 0.014 mg/L. 

Tier 3 – WOE Evaluation 

In contrast, these two PAHs are detected at high concentrations in groundwater on Siltronic Site (and 
in monitoring wells on BNSF property that are adjacent to Siltronic Site).  The predominant source of 
PAHs in non-stormwater within is MGP waste at the Siltronic and BNSF sites associated with former 
Gasco operations.  Other potential sources of PAHs in stormwater in the City Outfall 22C system 
include runoff from Highway 30 and BNSF railroad property, and historical operations at the Koppers 
Site.  For these reasons, acenaphthene and naphthalene are assigned a low priority for the RP SCE.  
Any further evaluation for these PAHs should be performed by Gasco, and/or by other parties.  In 
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strict accordance with the DEQ-approved screening process, these COPCs are being carried forward 
as medium-priority COPCs in a potential SCAA. 

16.7.3.3 Herbicides 

No herbicides were carried forward to a potential SCAA based on COI concentrations.  The nature 
and extent and fate and transport of herbicides at the RP property and vicinity were discussed in 
Section 8.6.  

A limited set of herbicides was manufactured, packaged or formulated at the RP facility.  
Manufacturing was discontinued by 1982 with the exception of bromoxynil, which was discontinued in 
1990.  The primary herbicides manufactured included 2,4-D, Silvex, 2,4,5-T, Bromoxynil, dichlorprop, 
MCPA, and MCPP.  Some herbicide components were also packaged at the facility for shipment to 
other manufacturers.  2,4,5-T was manufactured for a limited time between 1960 and 1962.  Because 
of the widespread application of herbicides, these chemicals may have been used and stored at many 
facilities and were routinely used along roadways (including Highway 30) and in landscapes for 
noxious weed control. 

Historical investigations have identified herbicide releases on the RP property and surrounding 
properties that have occurred throughout their industrial history.  Herbicide releases at the RP 
property have a distribution that is distinct from uses of herbicide at vicinity properties. 

Two herbicides (dicamba and MCPP) were detected in the City Outfall 22C non-stormwater dataset 
(Table J-9 in Appendix J).  Dicamba and MCPP were not detected above their respective DEQ-
directed SLV; therefore, no herbicides were carried forward through the screening process. 

Potential COI Identification and Tier 1 – SLV Comparison 

No Tier 2 evaluation for herbicides was completed because they screened out in Tier 1 SLV 
Comparison. 

Tier 2 – Source and Pathway Identification  

All herbicides were assigned a low priority because they screened out in Tier 1 SLV Comparison. 

Pathway Priority Evaluation 

No WOE evaluation for herbicides was conducted as no herbicides progressed from Tier 1 SLV 
Comparison.   

Tier 3 - WOE Evaluation 
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16.7.3.4 OCIs 

No OCIs were carried forward to a potential SCAA based on COI concentrations and lack of continuity 
of the pathway from RP sources to the outfall.  The nature and extent and fate and transport of OCIs 
at the RP property and vicinity were discussed in Section 8.7.  

OCIs were formulated in the IA from 1945 (StarLink, 2009) until 1969 (EMCON, 1992).  OCIs 
historically used in formulation and manufacturing operations in the IA (Table 2-C) include:  aldrin, 
BHCs, chlordane, DDx, dieldrin, endosulfans, endrin, heptachlor, hexachlorobenzene, and toxaphene.  
RP property source areas for OCIs are former operations areas in the IA and potential waste 
management areas in the LADD area.  OCI sources from other properties in the RP property vicinity 
include historical DDT and lindane manufacturing at Arkema; historical DDT formulation at Kinder 
Morgan/Willbridge; filling of former Doane Lake with fill material sourced from vicinity industrial 
properties; use of OCIs for insect control in the general area; runoff containing OCIs from surrounding 
property owners including ESCO, NL/Gould, Schnitzer/Air Liquide, and RP; use of potential River 
dredge materials as fill on the Siltronic and BNSF properties that potentially contained OCIs from 
Arkema or up-River sources; and atmospheric deposition of OCIs. 

Four OCIs were detected in the City Outfall 22C non-stormwater dataset (Table J-9 in Appendix J).  
2,4’-DDD, 4,4’-DDD, 4,4’-DDE, and calculated total DDx exceeded the DEQ-directed SLV and were 
carried forward to Tier 2 screening. 

Potential COI Identification and Tier 1 – SLV Comparison 

No OCIs were carried forward from Tier 2 Source and Pathway Identification screening or were 
retained as COPCs for the City Outfall 22C non-stormwater pathway because all four OCIs are not 
continuously present between the RP source areas and the outfall.   

Tier 2 – Source and Pathway Identification 

There are non-RP sources of these potential COIs to this pathway.  As described in Section 3.2 and 
Section 8.7, non-RP sources of OCIs contributing to the City Outfall 22C non-stormwater and 
immediately surrounding area include: dredge material placed on BNSF and Siltronic sites, and urban 
runoff from the Tualatin Mountains and Highway 30. 

All OCIs were assigned a low priority because they screened out in Tier 1 SLV Comparison or Tier 2 
Source and Pathway Identification. 

Pathway Priority Evaluation 
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No WOE evaluation for OCIs was conducted as no OCIs progressed from Tier 2 Source and Pathway 
Identification.   

Tier 3 - WOE Evaluation 

16.7.3.5 PCDDs/PCDFs 

Two PCDD/PCDF congeners were carried forward as a medium-priority COPC to a potential SCAA, 
but these congeners are not related to RP operations.  No PCDDs/PCDFs were retained in this 
pathway for the RP SCE.  The nature and extent and fate and transport of PCDDs/PCDFs at the RP 
property and vicinity were discussed in Section 8.9.   

In the RP property vicinity, the presence of PCDDs/PCDFs in environmental media is a result of 
contribution from a number of sources that include inadvertent production as part of the chlorinated 
phenol chemistry conducted for the manufacture of herbicides, operation of furnace and boilers on a 
number of neighboring properties including combustion of PCB-containing fuel oils, historical 
chloralkali manufacturing processes placement of dredge spoils from the River for land-filling, 
secondary lead smelting, lead cable sweating, auto-shredder fluff disposal, atmospheric deposition 
concentrated in stormwater run-off,  and extensive continued generation of PCDDs/PCDFs from 
gasoline/diesel engines and industrial wood combustion (Cleverly et al., 2003).  There is also a 
generalized anthropogenic background distribution of PCDDs/PCDFs across the entire RP property 
vicinity. 

Areas with PCDDs/PCDFs related to specific sources tend to have higher concentrations of 
PCDDs/PCDFs than the areas that are affected by anthropogenic background.  In addition, 
PCDDs/PCDFs associated with RP source areas tend to have congener patterns that include a broad 
range of PCDD and PCDF congeners, but are dominated by 2,3,7,8-TCDD, OCDD, and, to a lesser 
degree, OCDF.  While there is some variability in relative concentrations of other PCDD/PCDF 
congeners, they are generally present at distinctly lower concentrations than the three principal 
congeners. 

The data indicate that PCDDs/PCDFs related to RP remain localized in soil and groundwater in the 
near vicinity of historical releases.  There is no evidence of current ongoing transport of 
PCDDs/PCDFs away from RP source areas based on presence of higher concentrations of 
PCDDs/PCDFs in identifiable source areas, rapid drop off in concentration with distance from these 
source areas, and comparison of specific congeners present in samples.  This lack of transport is 
consistent with expectations based on the physicochemical properties of PCDDs/PCDFs and the 
hydrogeochemical conditions in the RP property vicinity. 
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Five PCDD/PCDF congeners were detected in the City Outfall 22C non-stormwater dataset (Table J-9 
in Appendix J).  The detections exceeded their respective DEQ-directed SLVs, and the potential COIs 
moved forward to Tier 2 screening.       

Potential COI Identification and Tier 1 – SLV Comparison 

Two PCDDs/PCDFs were assigned a medium priority and progressed to the Tier 3 WOE evaluation.  
The remaining three PCDD/PCDF congeners were screened out in the Tier 2 Source and Pathway 
Identification screening because they were not detected in City Outfall 22C non-stormwater outfall 
samples.  The remaining two PCDDs/PCDFs (OCDD and HpCDD) progressed to the Tier 3 WOE 
evaluation.   

Tier 2 – Source and Pathway Identification  

There are non-RP sources of these potential COIs to this pathway.  As described in Section 3.2 and 
Section 8.9, non-RP sources of PCDDs/PCDFs contributing to the City Outfall 22C non-stormwater 
and immediately surrounding area include: MGP waste disposed of on the Siltronic and BNSF sites by 
Gasco and BNSF railroad ties, and urban runoff from the Tualatin Mountains and Highway 30 into 
NDL, NDP, and Doane Creek.  It should also be noted that OCDD and HpCDD are typically 
considered diagnostic for sources related to pentachlorophenol or urban background. 

Three of the five PCDD/PCDF congeners were assigned a low priority because they screened out in 
Tier 2 Source and Pathway Identification.  The two remaining PCDD/PCDF congeners (OCDD and 
HpCDD) were assigned medium priority because they did not meet the criteria for a low or high-
priority COI and, therefore, were carried forward to the Tier 3 WOE evaluation. 

Pathway Priority Evaluation 

The two PCDDs/PCDFs included in the WOE evaluation are OCDD and HpCDD, and were further 
evaluated to determine if they should be retained as COPCs for consideration in a potential SCAA. 

Tier 3 – WOE Evaluation 

The PCDDs/PCDFs in City Outfall 22C non-stormwater are not from an RP source.  PCDDs/PCDFs 
were only detected one time in City Outfall 22C non-stormwater samples.  This sample had elevated 
detections of OCDD relative to other detected congeners, with additional detections of OCDF; 
1,2,3,4,6,7,8-HpCDD; and 1,2,3,4,6,7,8-HpCDF.  2,3,7,8-TCDD was not detected.  The pattern of 
detected congeners in non-stormwater is not indicative of an RP source, but suggests impacts from 
urban background, pentachlorophenol, or possibly by-products of incomplete combustion related to 
MGP waste.  For these reasons, OCDD and HpCDD should be assigned a low priority for the RP 
SCE.  Source control for these PCDDs/PCDFs should be evaluated by Gasco, the City, the Oregon 
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Department of Transportation, and/or by other parties.  In strict accordance with the DEQ-approved 
screening process, these COPCs are being carried forward as medium-priority COPCs in a potential 
SCAA. 

16.7.3.6 PCBs 

Total PCBs was carried forward as a medium-priority COPC to a potential SCAA, but these PCBs are 
not related to RP operations.  No PCBs were retained for the RP SCE.  The nature and extent and 
fate and transport of PCBs at the RP property and vicinity were discussed in Section 8.10.   

Historical records concerning presence and use of PCBs at the former RP facility show that potential 
sources of PCBs are limited to eight transformers formerly in the HA and IA and possible use of small 
amounts of heat transfer fluid that may have contained PCBs during a short period of time (Section 2).   

There is no known source of PCBs from the RP property to NDL, NDP, and City Outfall 22C, and PCB 
congener data provide no evidence that PCBs are transported in groundwater from the RP property to 
NDL.  Likely sources of PCBs to NDL, NDP, and City Outfall 22C include atmospheric deposition and 
runoff from Highway 30 (Section 8.10.4).   

PCB congeners 105, 156/157 and total PCBs (inferred Aroclor 1254) were detected in the City Outfall 
22C non-stormwater dataset.  PCB 105 and PCB 156/157 did not exceed their respective DEQ-
directed SLVs in the City Outfall 22C non-stormwater dataset.  Total PCBs was carried forward to Tier 
2 screening. 

Potential COI Identification and Tier 1 – SLV Comparison 

Total PCBs was assigned a medium priority and progressed to the Tier 3 WOE evaluation. 

Tier 2 – Source and Pathway Identification  

PCB 105, and PCB 156/157 were assigned a low priority because they screened out in Tier 1 SLV 
Comparison.  Total PCBs was assigned a medium priority because it did not meet the criteria for a 
low or high-priority COI and, therefore, was carried forward to the Tier 3 WOE evaluation.   

Pathway Priority Evaluation 

There are non-RP sources of these potential COIs to this pathway.  As described in Section 3.2 and 
Section 8.10, non-RP sources of PCBs contributing to the City Outfall 22C non-stormwater and 
immediately surrounding area include: capacitors used in BNSF locomotives prior to the mid-1980s, 
potential placement of River dredge spoils containing wastes from multiple sources, which were used 
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for fill in former Doane Lake and at Arkema, Siltronic, and BNSF properties, and urban/roadway runoff 
from Highway 30. 

Total PCBs were further evaluated to determine if they should be retained as a COPC for 
consideration in a potential SCAA.  There is no known source of PCBs from the RP property to NDL, 
NDL and City Outfall 22C storm sewer system, and PCB congener data demonstrate that PCBs are 
not transported in groundwater from the RP property to NDL.  Likely sources of PCBs to NDL, NDP, 
and City Outfall 22C include atmospheric deposition and runoff from Highway 30.  For these reasons, 
Total PCBs should be assigned a low priority for the RP SCE.  Source control for PCBs should be 
evaluated by other parties that are the more likely source to this pathway, such as the City or the 
Oregon Department of Transportation.  In strict accordance with the DEQ-approved screening 
process, this COPC is being carried forward as medium-priority COPC in a potential SCAA. 

Tier 3 – WOE Evaluation 

16.7.3.7 Petroleum Hydrocarbons 

No petroleum hydrocarbons were carried forward to a potential SCAA based on measured 
concentrations.  The nature and extent and fate and transport of petroleum hydrocarbons at the RP 
property and vicinity were discussed in Section 8.11.   

TPH detections at the RP property vicinity (i.e., detections of material with a chromatographic pattern 
corresponding to that of a petroleum hydrocarbon product) are found in isolated locations close to 
likely source areas.  The distribution of TPH is more limited than is suggested by the TPH datasets 
because the TPH analytical method cannot discriminate between petroleum hydrocarbons and other 
chemicals whose boiling points fall within a petroleum product’s range.  All volatile and semivolatile 
organic chemicals will be detected by the nonselective detector used in analytical methods for TPH.  
Non-petroleum compounds, if present, contribute to the amount of material measured and cause 
either the TPH result to be biased high or TPH to be reported when petroleum hydrocarbons are not 
present at all. 

Two petroleum hydrocarbons (diesel-range and gasoline-range hydrocarbons) were detected in the 
City Outfall 22C non-stormwater data set.  These potential COIs do not have a DEQ-directed SLV or 
appropriate surrogate (Table J-1 in Appendix J).  Therefore, no petroleum hydrocarbons were carried 
through the screening process.  

Potential COI Identification and Tier 1 – SLV Comparison 
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No Tier 2 Source and Pathway Identification for petroleum hydrocarbons was completed because no 
petroleum hydrocarbons progressed from Tier 1 SLV Comparison. 

Tier 2 – Source and Pathway Identification 

Priority was not evaluated because no petroleum hydrocarbons passed from the Tier 1 SLV 
Comparison. 

Pathway Priority Evaluation 

No WOE evaluation for petroleum hydrocarbons was conducted because no petroleum hydrocarbons 
progressed from Tier 1 SLV Comparison. 

Tier 3 - WOE Evaluation 

16.7.3.8 Inorganics 

Four inorganics (total arsenic, total iron, and total and dissolved manganese) were carried forward as 
medium-priority COPCs to a potential SCAA, but these inorganic constituents are not related to RP 
operations.  No inorganics were retained for the RP SCE.  The nature and extent and fate and 
transport of inorganics at the RP property and vicinity were discussed in Section 8.12. 

The distribution of inorganic constituents in environmental media at the RP property and vicinity is 
widespread as expected given the natural and anthropogenic sources of inorganics in the 
environment.  River sediments and local soils are documented to contain native concentrations of a 
number of metals that are present in environmental media at the RP property and vicinity.  There is no 
discernible pattern or concentration gradient metals in soil or groundwater that suggests the presence 
of a coherent plume that originates in and moves away from any particular source area.  Although 
areas of higher concentration are evident in the data, these apparent sources are surrounded by 
multiple data points with lower or nondetectable concentrations of the same element.   

The general distribution of metals at the RP property and vicinity is consistent with the natural and 
human history of the former Doane Lake area.  In particular, on the south side of the BNSF railroad 
tracks, former Doane Lake was filled with material from a variety of sources, including soil from 
various sources and dredged material from the River, foundry sands from ESCO, and limited amounts 
of construction debris.  On the north side of the BNSF railroad tracks, a variety of MGP-derived 
wastes, along with dredged material from the River, were used as part of wetland filling across what is 
now the Siltronic Site.  These fill materials contribute metals to environmental media in the RP 
property vicinity and are important sources of metals to the soil, groundwater, and surface water 
system. 
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The subsequent paragraphs describe the results from each step in the SCE screening process. 

Twenty-six total inorganics and 22 dissolved inorganics were detected in the City Outfall 22C non-
stormwater dataset (Table J-9 in Appendix J).  Fifteen of 26 total inorganic concentrations were 
greater than the DEQ-directed SLV, and these potential COIs were carried forward to Tier 2 in the 
screening process.  Eight of 22 dissolved inorganic concentrations were greater than the DEQ-
directed SLV, and these potential COIs were also carried forward to Tier 2 in the screening process.  

Potential COI Identification and Tier 1 – SLV Comparison 

Tier 2 – Source and Pathway Identification  

Three of the 15 total inorganics were not detected in City Outfall 22C non-stormwater samples from 
the outfall.  Two of the remaining 12 total inorganics were not found to be continuously present 
between a RP source area and the Riverbank.  Two of the ten remaining total inorganics did not 
exceed the SLV at the outfall.  The remaining eight total inorganics progressed to the Pathway Priority 
Evaluation and/or Tier 3 WOE Evaluation (Table J-9 in Appendix J).   

Total Inorganics 

Two of the eight dissolved inorganics screened in Tier 2 were not detected in City Outfall 22C non-
stormwater samples.  One dissolved inorganics did not exceed the SLV at the outfall.  The remaining 
five remaining dissolved inorganics progressed to the Pathway Priority Evaluation and/or Tier 3 WOE 
Evaluation (Table J-9 in Appendix J).  

Dissolved Inorganics 

There are non-RP sources of these potential COIs to this pathway.  As described in Section 3.2 and 
Section 8.12, non-RP sources of inorganics contributing to the non-stormwater and immediately 
surrounding area include: disposal of MGP waste on the BNSF and Siltronic sites, disposal of foundry 
sand in former Doane Lake by ESCO, and potential placement of River dredge spoils containing 
wastes from the McCormick & Baxter Site, which were used for fill in former Doane Lake, Siltronic, 
and BNSF properties. 

Priority Pathway Evaluation 

Eighteen of 26 total inorganics were assigned a low priority because they screened out in Tier 1 SLV 
Comparison or Tier 2 Source and Pathway Identification.  Three of 26 total inorganics were assigned 
a low priority because they did not exceed their SLV by a factor of 10 at the terminus of City Outfall 
22C.  The remaining five total inorganics (arsenic, barium, boron, iron, and manganese) were 

Total Inorganics 
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assigned a medium priority because they did not meet the criteria for a low or high-priority COI, and 
were carried forward to the WOE evaluation.  

Seventeen of t22 dissolved inorganics detected in the City Outfall 22C non-stormwater dataset were 
assigned a low priority because they screened out in Tier 1 SLV Comparison or Tier 2 Source and 
Pathway Identification.  Two of the 22 dissolved inorganics were assigned a low priority because they 
did not exceed their SLV by a factor of 10 at the terminus of City Outfall 22C.  The three remaining 
dissolved inorganics (arsenic, boron, and manganese) were assigned medium-priority COIs because 
they did not meet the other criteria for a low or high-priority COI, and were carried through the WOE 
evaluation. 

Dissolved Inorganics 

The WOE evaluation for inorganics includes screening the potential COIs against background 
inorganic values for surface water (Table J-3 in Appendix J).  All but two total and dissolved 
inorganics carried into the WOE evaluation exceeded their respective inorganic surface water 
background levels, or did not have a surface water background value available, and were further 
evaluated in Tier 3 WOE Evaluation.  Dissolved arsenic and total barium concentrations at the outfall 
were less than the surface water background value of 0.002 mg/L and 0.063 mg/L, respectively, and 
were not further evaluated.  The remaining total and dissolved inorganics are evaluated individually 
below. 

Tier 3 – WOE Evaluation 

A total of five inorganic constituents (arsenic, boron, copper, iron, and manganese) are addressed in 
the WOE evaluation to assess if there is a complete pathway for these inorganics in non-stormwater 
through City Outfall 22C.  The discussion for each inorganic will address the relevant media and 
datasets for the City Outfall 22C pathway. 

Total Arsenic:  Arsenic (total) has been assigned a low priority for the RP SCE.  The average 
concentration from NDL (including Station-03 samples) is 0.00254 mg/L, which is only slightly greater 
than the background value of 0.002 mg/L, and is considered representative of background levels.  In 
contrast, the average concentration at NDP is much higher at 0.00881 mg/L, more than four times the 
background value.  The average concentration at the outfall is relatively low at 0.00366 mg/L, less 
than two times the background value, but greater than the average arsenic concentration at NDL.  
Based on these data, the arsenic detected above background levels at NDP and at the City Outfall 
22C terminus is not from an RP source area because total arsenic concentration at NDL are 
considered representative of background levels and are lower than those detected at NDP and the 
outfall.  The source of the arsenic may be related to infiltration of groundwater from MGP-influenced 
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areas of the Siltronic Site adjacent to NDP.  Any further evaluation of potential that DEQ may require 
for arsenic should be performed by other parties that contribute to the City Outfall 22C stormwater 
system, and not by StarLink.  In strict accordance with the DEQ-approved screening process, this 
COPC is being carried forward as medium-priority COPC in a potential SCAA. 

Total and Dissolved Boron:  Boron (total and dissolved) has been assigned a low priority.  The total 
and dissolved boron concentrations are similar; total boron concentrations range from 0.0122 mg/L to 
0.156 mg/L and dissolved boron concentrations range from 0.015 mg/L to 0.110 mg/L.  The majority 
of the total and dissolved boron detections were greater than the DEQ-directed background value of 
0.05 mg/L, but most exceedances were within three times the background level.  This suggests that 
naturally-occurring levels of boron in the RP vicinity is higher than the published background values.  
Source control for boron is not necessary. 

Total Iron:  Iron (total) has been assigned a low priority for the RP SCE.  Total iron was not detected 
in surface water samples from NDL (including the Station-03 sample) above the background 
concentration of 6 mg/L.  In contrast, total iron was detected in both NDP and the outfall at 
concentrations exceeding the background level.  Based on these data, the total iron detected above 
background levels at NDP and at the City Outfall 22C terminus is not from an RP source area 
because total iron is not detected above background levels in NDL surface water and is not detected 
above background levels at the culvert leading to NDP from NDL.  The source of the elevated total 
iron concentrations may be related to infiltration of groundwater from MGP-influenced areas of the 
Siltronic Site to NDP.  Any further evaluation of potential that DEQ may require for iron should be 
performed by other parties that contribute to the City Outfall 22C stormwater system, and not by 
StarLink.  In strict accordance with the DEQ-approved screening process, this COPC is being carried 
forward as medium-priority COPC in a potential SCAA. 

Total and Dissolved Manganese:  Manganese (total and dissolved) has been assigned a low priority 
for the RP SCE.  Total manganese was not detected in surface water samples from NDL (including 
the Station-03 samples) above the background level of 0.420 mg/L, except in one instance at Station-
03 when total manganese was detected at 1.14 mg/L.  Dissolved manganese was not detected in 
surface water samples from NDL (including the Station-03 samples) above the background level.  In 
contrast, total and dissolved manganese were detected in both NDP and the outfall at concentrations 
exceeding the background level.  Based on these data, the total and dissolved manganese detected 
above background levels at NDP and at the City Outfall 22C terminus are not from an RP source area 
because total and dissolved manganese levels at NDL are representative of background levels.  The 
source of the elevated total iron concentrations may be related to infiltration of groundwater from 
MGP-influenced areas of the Siltronic Site to NDP.  Any further evaluation of potential that DEQ may 
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require for manganese should be performed by other parties that contribute to the City Outfall 22C 
stormwater system, and not by StarLink.  In strict accordance with the DEQ-approved screening 
process, these COPCs are being carried forward as medium-priority COPCs in a potential SCAA. 

16.7.4 City Outfall 22C Non-Stormwater Pathway Priority 
The potential COIs retained as COPCs for the multi-source City Outfall 22C non-stormwater pathway 
are provided on Table 16-E.  None of these COPCs are related to RP operations.  The number of 
COPCs per constituent class is summarized below: 

● Two SVOCs (acenaphthene and naphthalene) were retained as medium-priority COPCs;  

● Two PCDDs/PCDFs (1,2,3,4,6,7,8,9-OCDD and 1,2,3,4,6,7,8-HpCDD) were retained as 
medium-priority COPCs; 

● Total PCBs was retained as medium-priority COPC; and 

● Four inorganics (total arsenic, total iron, and total and dissolved manganese) were retained 
as medium-priority COPCs. 

City Outfall 22C should remain a medium priority and be carried forward to a potential SCAA by 
parties other than RP because of the presence of PAHs.  This pathway is a low priority for the RP 
property because: 

● Arsenic, iron, and manganese are present at either naturally-occurring levels, and are not 
attributable to a specific source that could be readily addressed by source control 
measures.   

● PCDDs/PCDFs, and total PCB COPCs are present at anthropogenic background levels, 
and are not attributable to a specific source that could be readily addressed by source 
control measures.  These constituents occur commonly at similar concentrations in the 
environmental media of all sites in the RP property vicinity, and do not drive the need for a 
potential SCAA evaluation.  

● A significant number of PAHs attributable to Gasco MGP operations and waste disposal 
are detected in stormwater, non-stormwater, and sediment in City Outfall 22C.  Most of the 
Gasco PAHs are screened out during the SCE process for RP-related constituents 
because they are not continuously present between RP source areas and the outfall.  For 
those constituents that were screened out for this reason, concentrations exceed JSCS 
SLVs in surface water, sediment, and non-stormwater in NDL, NDP and the City Outfall 
22C terminus.  

● The primary sources of PAHs to the City Outfall 22C pathway are stormwater runoff or 
infiltration of shallow groundwater from the MGP-affected areas of the Siltronic Site. 
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16.8 CITY OUTFALL 22C – STORMWATER  

This section presents the results of the screening evaluation for the City Outfall 22C stormwater 
pathway.  City Outfall 22C is considered a current and potential future migration pathway for 
stormwater for limited non-RP constituents from multiple sources.  The City Outfall 22C stormwater 
pathway is described in Section 6 (the CSM) Section 7 (Potential Pathways for the RI), and Section 
15 (Potential Pathways to the River for SCE). 

As discussed in Section 6.2.4, City Outfall 22C receives stormwater flow from Doane Creek, NDP, 
and NDL.  City Outfall 22C is an 84-inch-diameter outfall that discharges at the Riverbank just north of 
the railroad bridge.  This outfall receives stormwater flow through NDP, which in turn receives flow 
from both NDL (via a 48-inch culvert under the railroad tracks) and Doane Creek (Figure 6-S).  In 
addition to stormwater flow from Doane Creek, roof drains from Siltronic’s administration building also 
are connected to City Outfall 22C (MFA, 2007).  The RP property does not and has not historically 
had a direct, piped connection to the City Outfall 22C storm sewer, nor is there an overland flow 
connection from the RP property to the 22C system.   

The screening evaluation assessed all potential COIs in the City Outfall 22C stormwater pathway 
regardless of source.  The dataset contained constituents in the following classes:  VOCs, SVOCs, 
OCIs, PCDDs/PCDFs, petroleum hydrocarbons, and total and dissolved inorganics.  The multi-source 
City Outfall 22C stormwater pathway screening identified eight COPCs potentially carried forward to a 
potential SCAA.  None of these eight COPCs were related to RP operations; therefore, no COPCs 
were identified for the RP SCE.  The potential COIs screened, their progression through the screening 
process, and COIs retained as COPCs for consideration in a potential SCAA are discussed below. 

Sources for COIs in the City Outfall 22C stormwater pathway at the outfall include Gasco waste 
disposed on the Siltronic and BNSF sites, potential River dredge material placed on Siltronic and 
BNSF sites, and infiltration of urban runoff from the Tualatin Mountains and Highway 30.  These 
sources contributed COIs from the following chemical classes: VOCs, SVOCs, OCIs, PCDDs/PCDFs, 
petroleum hydrocarbons, and inorganics.  

16.8.1 Dataset 
The dataset for the City Outfall 22C stormwater pathway included the following samples:   

1.  One stormwater sample collected from the terminus of City Outfall 22C on December 5, 
2003, and 
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2.  NDL and NDP sediment samples from January 31, 1995, and November and December 
2003. 

Samples collected by Gasco as reported in City Outfall 22C Drainage Sampling Report (HAI, 2006) 
were also included in this evaluation.  The Gasco data included VOC, SVOC, and inorganic analytical 
results from Station-01 (terminus of City Outfall 22C), Station-02 (east end of NDP), and Station-03 (at 
NDP near outflow pipe from NDL).  The samples from Station-02 were collected on February 24, 
2005.  The samples from Stations-01 and -03 were collected on June 1, 2005.  Sampling locations are 
shown on Figure 16-C. 

16.8.2 Screening Evaluation Process Variations 
Stormwater was not evaluated for continuous presence.  Stormwater is assumed to have a 
continuous pathway to the River.  A potential COI in the stormwater-sediment pathway was 
considered “continuously present” if it was detected at least once in each of the following:   

● Upper 15 feet of the on-property HHRA LADD exposure unit soil dataset;  

● NDL and NDP sediment, and  

● Stormwater at the outfall.  

These data sets (the upper 15 feet of LADD exposure unit soil, stormwater-sediment, and stormwater) 
represent the only media from which potential RP-related constituents could migrate to City Outfall 
22C stormwater.   

16.8.3 Screening Results 
The screening results are discussed by constituent class and then by each of the five screening steps 
as applicable.  The multi-source City Outfall 22C stormwater pathway screening identified eight 
COPCs potentially carried forward to a potential SCAA.  None of these eight COPCs were related to 
RP operations; therefore, no COPCs were identified for the RP SCE.   

The City Outfall 22C stormwater data are screened against the DEQ-directed SLVs provided in 
Appendix J.  The screening evaluation results are presented in Tables J-10 and J-11 of Appendix J.   

16.8.3.1 VOCs 

One VOC, naphthalene, was carried forward as a medium-priority COPC to a potential SCAA.  No 
VOCs were retained for the RP SCE.  The nature and extent and fate and transport of VOCs at the 
RP property and vicinity were discussed in Section 8.4.   
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The RP source areas for VOCs are located in the vicinity of known tank farms, waste management 
areas and manufacturing operations in the HA, and in areas where NAPL is known to be present.  
The exception to this is for benzene, which appears to have isolated source areas distributed in both 
the HA and IA.  Several VOCs historically were used in formulation and manufacturing operations in 
the HA and IA (Table 2-C) and are:  1,2-dichlorobenzene, benzene, acetone, methylene chloride 
(dichloromethane or DCM), toluene, xylenes, trichloroethene, tetrachloroethene, and isobutyl alcohol.   

Historical investigations have identified VOC releases on the RP property and surrounding properties 
that have occurred throughout their industrial history.  VOC releases at the RP property have a 
distribution that is distinct from releases of VOCs at vicinity properties and, therefore, do not overlap 
with the release of trichloroethene on Siltronic Site in their manufacturing area, with the presence of 
BTEX related to MGP wastes on Siltronic Site, or with releases of fuel-related products on Kinder 
Morgan/Willbridge Site (Section 8.4).   

Potential COI Identification and Tier 1 – SLV Comparison 

Chloromethane and naphthalene were detected in the City Outfall 22C stormwater dataset, but only 
naphthalene was detected above the SLV.  Naphthalene was carried forward to Tier 2 screening. 

Stormwater  

Twenty-two VOCs were detected in the City Outfall 22C stormwater-sediment dataset; nine (including 
naphthalene) were detected at levels greater than the SLV (Table J-11 in Appendix J).  These nine 
VOCs were carried forward to Tier 2 screening.  

Stormwater-Sediment 

Tier 2 – Source and Pathway Identification 

In Tier 2 screening, naphthalene was the only potential COI that exceeded its SLV at the outfall in 
both the stormwater and stormwater-sediment datasets.  Naphthalene progressed to the Pathway 
Priority Evaluation and/or Tier 3 WOE evaluation. 

Stormwater and Stormwater-Sediment 

There are non-RP sources of these potential COIs to this pathway.  As described in Section 3.2 and 
Section 8.4, non-RP sources of VOCs contributing to the City Outfall 22C stormwater and immediately 
surrounding area include: Gasco, urban runoff from the Tualatin Mountains and Highway 30.  VOCs, 
particularly naphthalene, are indicator compounds for MGP waste disposed on the Gasco and 
Siltronic sites as stated in the Source Control Evaluation Report, Segment 3 Siltronic Property Related 
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to NW Natural “Gasco” Site (Anchor QEA, 2009).  Particularly high concentrations of these 
compounds were found in shallow groundwater on Siltronic Site.     

Pathway Priority Evaluation 

One of two VOCs (chloromethane) in the City Outfall 22C stormwater dataset was assigned a low 
priority because it screened out in Tier 1 SLV Comparison.  The other VOC (naphthalene) was 
assigned a low priority for stormwater because it did not exceed its SLV by more than a factor of 10 at 
the outfall. 

Stormwater 

Twenty-one of 22 VOCs in the City Outfall 22C stormwater-sediment dataset and were assigned a low 
priority because they screened out in Tier 1 SLV Comparison and Tier 2 Source and Pathway 
Identification.  Naphthalene was assigned medium priority because it did not meet the criteria for a 
low or high-priority COI and was carried forward to the Tier 3 WOE Evaluation. 

Stormwater-Sediment 

Naphthalene in sediment was evaluated further to determine if it should be retained as a COPC for 
consideration in a potential SCAA. 

Tier 3 – WOE Evaluation 

The PAHs detected in City Outfall 22C stormwater and stormwater-sediment data sets are not from 
an RP source.  PAHs were not used in historical manufacturing or formulation operations at the RP 
property, and naphthalene was detected just once in the LADD exposure unit at a concentration of 
2.38 mg/kg, which is less than the maximum concentration of napthalene detected in NDL or NDP 
sediment of 6.72 mg/kg.  Naphthalene has been detected in stormwater at the terminus of City Outfall 
22C at a concentration that exceeds the SLV, but not by a factor greater than 10.  The predominant 
source of PAHs in the RP property vicinity is MGP waste associated with former Gasco operations 
and present on the Siltronic and BNSF sites.  Other potential sources of PAHs in stormwater in the 
City Outfall 22C system include runoff from Highway 30 and BNSF railroad property, and historical 
operations at the Koppers property.  For these reasons, naphthalene has been assigned a low priority 
for the RP SCE.  Source control for these PAHs should be evaluated by Gasco, and/or by other 
parties.  In strict accordance with the DEQ-approved screening process, naphthalene is being carried 
forward as a medium-priority COPC that should be evaluated in a potential SCAA by one of these 
parties. 
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16.8.3.2 SVOCs 

Three SVOCs, acenaphthene, fluoranthene, and fluorene, were carried forward as medium-priority 
COPCs to a potential SCAA, but these PAHs are not related to RP operations.  No SVOCs were 
retained for the RP SCE.  The nature and extent and fate and transport of SVOCs at the RP property 
and vicinity were discussed in Section 8.5.   

The only SVOCs used in historical manufacturing or formulation operations at the RP property were 
phenol and chlorophenols.  Other potential sources of SVOCs at the RP property are fuel storage, 
handling, and use; vehicle maintenance activities; and the filling of former Doane Lake with imported 
soil and fill material including material from surrounding industrial properties.  Potential RP SVOC 
source areas are located in the vicinity of known tank farms, waste management areas, and 
manufacturing operations in the HA, and in areas where NAPL is known to be present.   

Historical investigations have identified SVOC releases on the RP property and surrounding 
properties that have occurred throughout their industrial history.  SVOC releases at the RP property 
have a distribution that is distinct from releases of SVOCs at vicinity properties and, therefore, do not 
overlap with the presence of PAHs related to MGP wastes on Siltronic Site or with releases of PAHs 
or other SVOCs on surrounding properties (Section 8.5). 

Potential COI Identification and Tier 1 – SLV Comparison 

Eight SVOCs were detected in the City Outfall 22C stormwater dataset.  Four of these SVOCs 
(anthracene, naphthalene, pyrene, and phenanthrene) were not detected above the SLV and were not 
carried forward to Tier 2 screening.  The other four SVOCs (acenaphthene, benzo[b]fluoranthene, 
fluoranthene, and fluorene) were detected above the SLV and were carried forward to Tier 2 
screening. 

Stormwater 

Twenty SVOCs were detected in the City Outfall 22C stormwater-sediment dataset.  All 20 SVOCs 
were above the SLV, and were carried forward to Tier 2 screening (Table J-11 in Appendix J). 

Stormwater-Sediment 

One of the four SVOCs (benzo[b]fluoranthene) was not detected in stormwater from City Outfall 22C 
and was not carried forward.  The other three SVOCs (acenaphthene, fluoranthene, and fluorene) 
progressed to the Pathway Priority Evaluation and/or Tier 3 WOE Evaluation.  

Tier 2 – Source and Pathway Identification 
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One of the 20 SVOCs (dibenzofuran) from the stormwater-sediment dataset was not detected in the 
RP source area and was not carried forward.  Thirteen of the 20 SVOCs were not detected at the 
outfall and were not carried forward.  Three other SVOCs were detected but did not exceed the SLV 
in City Outfall 22C stormwater samples (Table J-11 in Appendix J).  The remaining three SVOCs 
progressed to the Pathway Priority Evaluation and/or Tier 3 WOE evaluation and are the PAHs 
acenaphthene, fluoranthene, and fluorene. 

There are non-RP sources of these PAHs to this pathway.  As described in Section 3.2 and Section 
8.5, non-RP sources of SVOCs contributing to the City Outfall 22C stormwater and immediately 
surrounding area include: Gasco, BNSF, and urban runoff from the Tualatin Mountains and Highway 
30.  PAHs, particularly acenaphthene and fluoranthene, are marker compounds for MGP waste on the 
Gasco and Siltronic sites, as stated in the Source Control Evaluation Report, Segment 3 Siltronic 
Property Related to NW Natural “Gasco” Site (Anchor QEA, 2009).  Particularly high concentrations of 
these compounds were found in shallow groundwater on Siltronic Site.  Acenaphthene has been 
detected at levels exceeding the SLV in Doane Creek sediment upstream from the NDP.   

Five of the eight SVOCs detected in the stormwater dataset were assigned a low priority because 
they screened out in Tier 1 SLV Comparison or Tier 2 Source and Pathway Identification.  Two of the 
eight SVOCs (fluoranthene, and fluorene) were assigned low priority for stormwater because they did 
not exceed their SLV by more than a factor of 10 at the outfall.  The remaining SVOC (acenaphthene) 
did not meet the criteria for a low or high-priority COI and was carried forward to the WOE evaluation. 

Pathway Priority Evaluation 

Seventeen of the 20 SVOCs in the stormwater-sediment dataset also were assigned a low priority 
because they screened out in Tier 1 SLV Comparison or Tier 2 Source and Pathway Identification.  
The remaining SVOCs (acenaphthene, fluoranthene, and fluorene) did not meet the criteria for a low 
or high-priority COI, and were carried forward to the WOE evaluation.   

The three PAHs included in the WOE evaluation, acenaphthene, fluoranthene, and fluorene, were 
further evaluated to determine if these PAHs should be retained as COPCs for consideration in a 
potential SCAA. 

Tier 3 – WOE Evaluation 

The PAHs detected in City Outfall 22C stormwater and stormwater-sediment data sets are not from 
an RP source.  PAHs were not used in historical manufacturing or formulation operations at the RP 
property, and acenaphthene, fluoranthene, and fluorene are not detected in groundwater in RP source 
areas. 
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In contrast, these three PAHs are detected at high concentrations in groundwater on Siltronic Site 
(and in monitoring wells on BNSF property that are adjacent to Siltronic Site).  The predominant 
source of PAHs in the RP property vicinity is MGP waste at the Siltronic and BNSF sites associated 
with former Gasco operations.  Other potential sources of PAHs in stormwater in the City Outfall 22C 
system include runoff from Highway 30 and BNSF railroad property, and historical operations at the 
Koppers Site.  For these reasons, acenaphthene, fluoranthene, and fluorene have been assigned a 
low priority for the RP SCE.  Source control for these PAHs should be evaluated by Gasco and/or by 
other parties.  In strict accordance with the DEQ-approved screening process, these COPCs are 
being carried forward as medium-priority COPCs that should be evaluated in a potential SCAA by one 
of these parties. 

16.8.3.3 Herbicides 

No herbicides were carried forward to a potential SCAA based on COI concentrations.  The nature 
and extent and fate and transport of herbicides at the RP property and vicinity were discussed in 
Section 8.6.  

A limited set of herbicides was manufactured, packaged, or formulated at the RP facility.  
Manufacturing was discontinued by 1982 with the exception of bromoxynil, which was discontinued in 
1990.  The primary herbicides manufactured included 2,4-D, Silvex, 2,4,5-T, Bromoxynil, dichlorprop, 
MCPA, and MCPP.  Some herbicide components were also packaged at the facility for shipment to 
other manufacturers.  2,4,5-T was manufactured for a limited time between 1960 and 1962.  Because 
of the widespread application of herbicides, these chemicals may have been used and stored at many 
facilities and were routinely used along roadways (including N.W. Front Avenue and Highway 30) and 
in landscapes for noxious weed control. 

Historical investigations have identified herbicide releases on the RP property and surrounding 
properties that have occurred throughout their industrial history.  Herbicide releases at the RP 
property have a distribution that is distinct from releases or uses of herbicides at vicinity properties 
(Section 8.6). 

No herbicides were detected in the stormwater and stormwater-sediment dataset; therefore, no 
herbicides were carried through the screening process. 

Potential COI Identification and Tier 1 – SLV Comparison 

No Tier 2 evaluation for herbicides was completed because no herbicides were detected in the 
stormwater and stormwater-sediment dataset. 

Tier 2 – Source and Pathway Identification  
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No priority evaluation for herbicides was completed because no herbicides were detected in the 
stormwater and stormwater-sediment dataset. 

Pathway Priority Evaluation 

No WOE evaluation for herbicides was conducted as no herbicides progressed from Tier 1 SLV 
Comparison.   

Tier 3 - WOE Evaluation 

16.8.3.4 OCIs 

No OCIs were carried forward to a potential SCAA based on COI concentrations and lack of continuity 
of the pathway from RP sources to the outfall.  The nature and extent and fate and transport of OCIs 
at the RP property and vicinity were discussed in Section 8.7.  

OCIs were formulated in the IA from 1945 (StarLink, 2009) until 1969 (EMCON, 1992).  OCIs 
historically used in formulation and manufacturing operations in the IA (Table 2-C) include:  aldrin, 
BHCs, chlordane, DDx, dieldrin, endosulfans, endrin, heptachlor, hexachlorobenzene, and toxaphene.  
RP property source areas for OCIs are former operations areas in the IA and potential waste 
management areas in the LADD area.  OCI sources from other properties in the RP property vicinity 
include historical DDT and lindane manufacturing at Arkema; historical DDT formulation at Kinder 
Morgan/Willbridge; filling of former Doane Lake with fill material sourced from vicinity industrial 
properties; use of OCIs for insect control in the general area; runoff containing OCIs from surrounding 
property owners including ESCO, NL/Gould, Schnitzer/Air Liquide, and RP; use of potential River 
dredge materials as fill on the Siltronic and Arkema properties that potentially contained OCIs from 
Arkema or up-River sources; and atmospheric deposition of OCIs.   

Potential COI Identification and Tier 1 – SLV Comparison 

No OCIs were detected in the City Outfall 22C stormwater dataset. 

Stormwater 

Seven OCIs (4,4’-DDD, 4,4’-DDE, dieldrin, endosulfan II, endrin, total DDX, and total endosulfan) 
were detected in the City Outfall 22C stormwater-sediment dataset (Table J-11 in Appendix J) at 
levels above their respective DEQ-directed SLVs, and were carried forward to Tier 2 screening.   

Stormwater-Sediment 
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Tier 2 – Source and Pathway Identification  

No OCIs were retained as COPCs for the City Outfall 22C stormwater pathway. 

Stormwater 

4,4’-DDD, 4,4’-DDE, dieldrin, endosulfan II, endrin, total DDX, and total endosulfan were detected in 
the RP source area.  However, these potential COIs were not detected in stormwater at City Outfall 
22C and/or are not continuously present.  

Stormwater-Sediment 

There are non-RP sources of these potential COIs to this pathway.  As described in Section 3.2 and 
Section 8.7, non-RP sources of OCIs contributing to the City Outfall 22C stormwater and immediately 
surrounding area include: dredge material placed on BNSF and Siltronic sites and urban runoff from 
the Tualatin Mountains and Highway 30. 

All OCIs were assigned a low priority because they screened out in Tier 1 SLV Comparison or Tier 2 
Source and Pathway Identification. 

Pathway Priority Evaluation 

No WOE evaluation for OCIs was conducted as no OCIs progressed from Tier 2 Source and Pathway 
Identification.   

Tier 3 - WOE Evaluation 

16.8.3.5 PCDDs/PCDFs 

Four PCDDs/PCDFs were carried forward as medium-priority COPCs to a potential SCAA, but these 
congeners are not related to RP operations.  No PCDDs/PCDFs were retained for the RP SCE.  The 
nature and extent and fate and transport of PCDDs/PCDFs at the RP property and vicinity were 
discussed in Section 8.9.   

In the RP property vicinity, the presence of PCDDs/PCDFs in environmental media is a result of 
contribution from a number of sources that include inadvertent production as part of the chlorinated 
phenol chemistry conducted for the manufacture of herbicides, operation of furnace and boilers on a 
number of neighboring properties including combustion of PCB-containing fuel oils, historical 
chloralkali manufacturing processes, potential placement of dredge spoils from the River for land-
filling, secondary lead smelting, lead cable sweating, auto-shredder fluff disposal, atmospheric 
deposition concentrated in stormwater run-off,  and extensive continued generation of PCDDs/PCDFs 
from gasoline/diesel engines and industrial wood combustion (Cleverly et al., 2003).  There is also a 
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generalized anthropogenic background distribution of PCDDs/PCDFs across the entire RP property 
vicinity. 

Areas with PCDDs/PCDFs related to specific sources tend to have higher concentrations of 
PCDDs/PCDFs than the areas that are affected by anthropogenic background.  In addition, 
PCDDs/PCDFs associated with RP source areas tend to have congener patterns that include a broad 
range of PCDD and PCDF congeners, but are dominated by 2,3,7,8-TCDD, OCDD, and, to a lesser 
degree, OCDF.  While there is some variability in relative concentrations of other PCDD/PCDF 
congeners, they are generally present at distinctly lower concentrations than the three principal 
congeners. 

The data indicate that PCDDs/PCDFs related to RP remain localized in soil and groundwater in the 
near vicinity of historical releases.  There is no evidence of current ongoing transport of 
PCDDs/PCDFs away from RP source areas based on presence of higher concentrations of 
PCDDs/PCDFs in identifiable source areas, rapid drop off in concentration with distance from these 
source areas, and comparison of specific congeners present in samples.  This lack of transport is 
consistent with expectations based on the physicochemical properties of PCDDs/PCDFs and the 
hydrogeochemical conditions in the RP property vicinity.   

Potential COI Identification and Tier 1 – SLV Comparison 

Four PCDDs/PCDF congeners were detected in the stormwater dataset:  OCDD, OCDF, HpCDD, and 
1,2,3,4,6,7,8-HpCDF.  The detections exceeded the DEQ-directed SLVs, and the potential COIs 
moved forward to Tier 2 screening. 

Stormwater 

Seventeen PCDDs/PCDFs were detected in the stormwater-sediment dataset.  Only OCDF and 
1,2,3,4,6,7,8-HpCDF did not exceed the DEQ-directed SLVs; the other 15 were carried forward to Tier 
2 screening. 

Stormwater-Sediment 

Tier 2 – Source and Pathway Identification 

The four PCDD/PCDF congeners detected in the stormwater dataset exceeded their SLVs in 
stormwater at the outfall and progressed to Pathway Priority Evaluation. 

Stormwater 
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Five of the 15 stormwater-sediment potential COIs were not detected in stormwater at City Outfall 
22C (Table J-11 in Appendix J) and four were not continuously present between RP source areas and 
the Riverbank.  Three do not exceed the SLV in stormwater at the outfall.  The remaining three 
PCDDs/PCDFs (OCDD, HpCDD, and 1,2,3,4,6,7,8-HpCDF) in the stormwater-sediment dataset 
progressed to the Pathway Priority Evaluation. 

Stormwater-Sediment 

There are non-RP sources of these PCDD/PCDFs to this pathway.  As described in Section 3.2 and 
Section 8.9, non-RP sources of PCDDs/PCDFs contributing to the City Outfall 22C non-stormwater 
and immediately surrounding area include: MGP waste disposed of on the Siltronic and BNSF sites by 
Gasco, BNSF railroad ties, and urban runoff from the Tualatin Mountains and Highway 30 into NDL, 
NDP, and Doane Creek.  It should also be noted that OCDD and HpCDD are typically considered 
diagnostic for sources related to pentachlorophenol and urban background. 

Pathway Priority Evaluation 

All four PCDDs/PCDFs detected in the stormwater dataset (OCDD, OCDF, HpCDD, and 
1,2,3,4,6,7,8-HpCDF) were assigned medium priority, because they did not meet the criteria for low or 
high-priority COI and were carried forward to the Tier 3 WOE evaluation. 

Stormwater 

Fourteen of the seventeen PCDD/PCDF congeners detected in the stormwater-sediment dataset 
were assigned a low priority because they screened out in Tier 1 SLV Comparison or Tier 2 Source 
and Pathway Identification.  The three remaining congeners (OCDD, HpCDD, and 1,2,3,4,6,7,8-
HpCDF) were assigned low priority because they did not exceed their SLV by a factor of 10.    

Stormwater-Sediment 

The four PCDDs/PCDFs included in the WOE evaluation are OCDD, OCDF, 1,2,3,4,6,7,8-, HpCDD 
and 1,2,3,4,6,7,8-HpCDF, and were further evaluated to determine if they should be retained as 
COPCs for consideration in a potential SCAA. 

Tier 3 – WOE Evaluation 

Each of the four congeners was detected in NDL and NDP sediment at relatively high concentrations 
as compared to other PCDD/PCDF congeners.  The wide range of congeners detected in NDL and 
lack of a pattern indicative of RP source areas indicates that multiple sources contribute to the 
detections of these compounds in sediment, including urban runoff, pentachlorophenol-related 
sources, and incomplete combustion byproducts present in MGP waste.  PCDDs/PCDFs from RP-
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related sources are not evident in NDL sediments, and if present, represent a minor contribution 
compared to other sources.  Detections of the same group of congeners upstream of NDP suggest 
that the dominant source of PCDDs/PCDFs in NDP is related to urban background and 
pentachlorophenol use.  Also, samples collected from NDP are near PZ-03-40W, where a NAPL 
sample related to historical disposal of MGP waste from Gasco site was collected, exhibited similar 
PCDD/PCDF congener patterns. 

The PCDDs/PCDFs in City Outfall 22C stormwater are not from an RP source.  The December 2003 
stormwater sample had elevated detections of OCDD relative to other detected congeners, with 
additional detections of OCDF; 1,2,3,4,6,7,8-HpCDD; and 1,2,3,4,6,7,8-HpCDF.  This pattern of 
detected congeners in stormwater is not indicative of an RP source, but suggests the impacts are 
from urban background, pentachlorophenol, or possibly by-products of incomplete combustion related 
to MGP waste.  For these reasons, OCDD, OCDF, 1,2,3,4,6,7,8-HpCDD, and 1,2,3,4,6,7,8-HpCDF 
have been assigned a low priority for the RP SCE.  Source control for these PCDDs/PCDFs should be 
evaluated by Gasco, the City, the Oregon Department of Transportation, and/or by other parties.  In 
strict accordance with the DEQ-approved screening process, these COPCs are being carried forward 
as medium-priority COPCs that should be evaluated in a potential SCAA by one of these parties. 

16.8.3.6 Petroleum Hydrocarbons 

No petroleum hydrocarbons were carried forward to a potential SCAA based on measured 
concentrations and lack of continuity of the pathway from RP sources to the Riverbank.  The nature 
and extent and fate and transport of petroleum hydrocarbons at the RP property and vicinity were 
discussed in Section 8.11.   

TPH detections at the RP property vicinity (i.e., detections of material with a chromatographic pattern 
corresponding to that of a petroleum hydrocarbon product) are found in isolated locations close to 
likely source areas.  The distribution of TPH is more limited than is suggested by the TPH datasets 
because the TPH analytical method cannot discriminate between petroleum hydrocarbons and other 
chemicals whose boiling points fall within a petroleum product’s range.  All volatile and semivolatile 
organic chemicals will be detected by the nonselective detector used in analytical methods for TPH.  
Non-petroleum compounds, if present, contribute to the amount of material measured and cause 
either the TPH result to be biased high or TPH to be reported when petroleum hydrocarbons are not 
present at all. 

TPH was not detected in stormwater samples.  TPH detected in the stormwater-sediment data set 
comes from different sources.  TPH reported in the RP HA and IA soil datasets occurs only in isolated 
and localized areas and consists primarily of mid-range to heavier hydrocarbon fractions, sometimes 
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as a mixture with other non-hydrocarbon constituents.  In the NDL and NDP, the heavier TPH 
fractions predominate and the reported TPH likely is a mixture of MGP wastes, fuel oil, and TPH 
contributed from Highway 30 runoff and BNSF railroad operations.  The chromatographic patterns of 
TPH in NDL and NDP sediments are different from the chromatographic patterns of TPH in RP HA 
and IA soils, demonstrating that TPH from these two areas are not related (Section 8.11). 

No petroleum hydrocarbons were detected in the stormwater dataset.  Diesel-range and residual 
range hydrocarbons were detected in the City Outfall 22C stormwater-sediment dataset.  These 
potential COIs do not have a DEQ-directed SLV or appropriate surrogate (Table J-2 in Appendix J).  
Therefore, no petroleum hydrocarbons were carried through the screening process.  

Potential COI Identification and Tier 1 – SLV Comparison 

No Tier 2 Source and Pathway Identification for petroleum hydrocarbons was completed because no 
petroleum hydrocarbons progressed from Tier 1 SLV Comparison. 

Tier 2 – Source and Pathway Identification 

Priority was not evaluated because no petroleum hydrocarbons passed from the Tier 1 SLV 
Comparison. 

Pathway Priority Evaluation 

No WOE evaluation for petroleum hydrocarbons was conducted as no petroleum hydrocarbons 
progressed from Tier 1 SLV Comparison. 

Tier 3 - WOE Evaluation 

16.8.3.7 Inorganics 

No inorganics were carried forward to a potential SCAA based on COI concentrations.  The nature 
and extent and fate and transport of inorganics at the RP property and vicinity were discussed in 
Section 8.12. 

The distribution of inorganic constituents in environmental media at the RP property and vicinity is 
widespread as expected given the natural and anthropogenic sources of inorganics in the 
environment.  River sediments and local soils are documented to contain native concentrations of a 
number of metals that are present in environmental media at the RP property and vicinity.  There is no 
discernible pattern or concentration gradient metals in soil or groundwater that suggests the presence 
of a coherent plume that originates in and moves away from any particular source area.  Although 
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areas of higher concentration are evident in the data, these apparent sources are surrounded by 
multiple data points with lower or nondetectable concentrations of the same element.   

The general distribution of metals is consistent with the natural and human history of the former 
Doane Lake area.  In particular, on the south side of the BNSF railroad tracks, FDL was filled with 
material from a variety of sources, including soil from various sources and potential dredged material 
from the River, foundry sands from ESCO, and limited amounts of construction debris.  On the north 
side of the BNSF railroad tracks, a variety of MGP-derived wastes, along with potential dredged 
material from the River, were used as part of wetland filling across what is now the Siltronic Site.  
These fill materials contribute metals to environmental media in the RP property vicinity and are 
important sources of metals to the soil, groundwater, sediments, and surface water system. 

Potential COI Identification and Tier 1 – SLV Comparison 

Eighteen total inorganics and 13 dissolved inorganics were detected in the City Outfall 22C 
stormwater dataset (Table J-10 in Appendix J).  Concentrations of nine of the total inorganics and four 
dissolved inorganics were greater than their respective SLVs, and they were carried forward to Tier 2 
in the screening process.  

Stormwater 

Twenty-four inorganics were detected in the City Outfall 22C stormwater-sediment dataset (Table J-
11 in Appendix J).  Detections of 16 inorganics were greater than their respective SLVs, and they 
were carried forward to Tier 2 in the screening process. 

Stormwater-Sediment 

Tier 2 – Source and Pathway Identification  

Nine of 18 total inorganics in the City Outfall 22C stormwater dataset exceeded the SLV at the outfall 
and progressed to the Pathway Priority Evaluation and/or Tier 3 WOE Evaluation (Table J-10 in 
Appendix J).   

Stormwater 

The four dissolved inorganics in the City Outfall 22C stormwater dataset, evaluated in Tier 2, 
exceeded the SLV at the outfall and were evaluated for priority (Table J-10 in Appendix J).   

Four of the 16 inorganics in the City Outfall 22C stormwater-sediment dataset screened in Tier 2 were 
either not detected at the outfall, did not exceed the SLV at the outfall, or were not continuously 

Stormwater-Sediment 
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present (Table J-11 in Appendix J).  The remaining 12 inorganics progressed to the Pathway Priority 
Evaluation and/or Tier 3 WOE Evaluation. 

There are non-RP sources of these inorganics to this pathway.  As described in Section 3.2 and 
Section 8.12, non-RP sources of inorganics contributing to the stormwater and immediately 
surrounding area include: disposal of MGP waste on the BNSF and Siltronic sites, disposal of foundry 
sand in former Doane Lake by ESCO, and potential placement of River dredge spoils containing 
wastes from the McCormick & Baxter Site, which were used for fill in former Doane Lake, Siltronic, 
and BNSF sites. 

Pathway Priority Evaluation 

Nine of the 18 total inorganics in the City Outfall 22C stormwater dataset were assigned a low priority 
because they screened out in Tier 1 SLV Comparison.  Five of the 18 total inorganics in the City 
Outfall 22C stormwater dataset were assigned a low priority because they did not exceed their SLV by 
a factor of 10.  The remaining four total inorganics in the City Outfall 22C stormwater dataset 
(aluminum, arsenic, boron, and manganese) were assigned medium priority because they did not 
meet the criteria for a low or high-priority COI and were carried forward to the Tier 3 WOE evaluation. 

Stormwater 

Nine of the 13 dissolved inorganics in the City Outfall 22C stormwater dataset were assigned a low 
priority because they screened out in Tier 1 SLV Comparison.  The remaining four dissolved 
inorganics in the City Outfall 22C stormwater dataset were assigned a low priority because they did 
not exceed their SLV by a factor of 10.  No dissolved inorganics in the City Outfall 22C stormwater 
dataset were carried forward to the Tier 3 WOE Evaluation. 

Twelve of the 24 inorganics in the City Outfall 22C stormwater-sediment dataset were assigned a low 
priority because they screened out in Tier 1 SLV Comparison or Tier 2 Source and Pathway 
Identification.  Eight of the 24 inorganics were assigned low priority because they did not exceed their 
SLV by a factor of 10.  The remaining four potential COIs in the City Outfall 22C stormwater-sediment 
pathway (aluminum, arsenic, boron, and iron) were assigned medium priority as they did not meet the 
criteria for a low or high-priority COI and were carried forward to the Tier 3 WOE Evaluation. 

Stormwater-Sediment  

The WOE evaluation for inorganics includes screening the potential COIs against background 
inorganic values for surface water and freshwater sediment (Table J-3 in Appendix J).   

Tier 3 – WOE Evaluation 
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The four total inorganics (aluminum, arsenic, boron, and manganese) in the City Outfall 22C 
stormwater dataset retained for screening in the WOE evaluation.  Aluminum and manganese 
exceeded the background levels while arsenic and boron did not.  These four inorganics are 
evaluated individually below. 

Stormwater 

There were no available DEQ freshwater sediment background values for aluminum, boron, and iron.  
The DEQ background value for arsenic is 7.9 mg/kg, and eight of fourteen results in the stormwater-
sediment dataset exceed this value.  All four inorganics are evaluated individually below. 

Stormwater-Sediment 

A total of four inorganics (aluminum, arsenic, boron, iron, and manganese) are addressed in the WOE 
evaluation to assess if there is a complete pathway for these inorganics in stormwater through City 
Outfall 22C.  The discussion for each inorganic will address the relevant media and datasets for the 
City Outfall 22C pathway. 

Evaluation of Individual Inorganics 

Aluminum:  Aluminum (stormwater and stormwater-sediment) has been assigned a low priority for the 
RP SCE.  The maximum concentration of aluminum in the sediment at NDL or NDP of 45,000 mg/kg 
is below published background values.  The WRBWQS reported a range of aluminum concentrations 
in bed sediments of 59,000 to 85,000 mg/kg (Harrison et al., 1997).  Three more recent studies from 
specific areas within the Willamette and Umpqua River basins showed ranges of aluminum 
concentrations in bed sediment similar to that of the WRBWQS.  These are the Tualatin River basin at 
65,000 to 78,000 mg/kg (Bonn, 1999); the Salem area at 72,000 to 100,000 mg/kg (Tanner, 2002); 
and the South Umpqua River basin at 68,000 to 94,000 mg/kg (Hinkle, 1999).  Based on aluminum 
concentrations in the City Outfall 22C stormwater dataset below published values, source control for 
aluminum in sediment is not necessary.     

Aluminum has been detected just once in stormwater, and the concentration of total aluminum 
detected was relatively low (approximately three times higher than the background level of 0.340 
mg/L).  The most likely source of aluminum in the City Outfall 22C system is from a combination of 
urban background inputs and naturally occurring inputs from the Tualatin Mountains, consistent with 
regional data for the Willamette River basin.  Therefore, source control for total aluminum in 
stormwater is not necessary.     
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Arsenic:  Arsenic (stormwater and stormwater-sediment) has been assigned a low priority for the RP 
SCE.  Arsenic concentrations in NDL sediment are greater than the background level of 7.9 mg/kg, 
but arsenic concentrations at NDP are below background, suggesting elevated concentrations of 
arsenic are not be transported out of NDL into NDP.  Arsenic is detected in stormwater at the terminus 
of City Outfall 22C at a concentration below the surface water background value of 0.002 mg/L, which 
further demonstrates that arsenic is not being transported through the City Outfall 22C system at 
concentrations greater than naturally occurring levels.  For these reasons, arsenic in stormwater and 
stormwater-sediment has been assigned a low priority for the RP SCE.  Source control for arsenic is 
not necessary. 

Boron:  Boron (stormwater and stormwater-sediment) has been assigned a low priority for the RP 
SCE.  The maximum boron concentration in NDL and NDP sediments of 14.2 mg/kg is below 
concentrations (20 mg/kg to 700 mg/kg) reported in synoptic survey of trace metals in the bottom 
sediments of the River (Rickert et al., 1977).  Based on this data, it is concluded that the 
concentrations of boron in the sediment at NDL and NDP are within ranges typical of the River basin 
and are considered to be within the expected range of regional background in sediment.  Boron 
concentrations in stormwater did not exceed the surface water background concentration of 0.05 
mg/L, which demonstrates that boron is not being transported through the City Outfall 22C system at 
concentrations greater than naturally occurring levels.  For these reasons, boron in sediment has 
been assigned a low priority for the RP SCE.  Source control for boron is not necessary. 

Iron:  Iron (stormwater-sediment) has been assigned a low priority for the RP SCE.  The iron 
concentrations in NDL and NDP sediment range from less than 1,000 to 72,000 mg/kg, except for one 
sample from NDP where iron was detected at 117,000 mg/kg.  The WRBWQS reported a range of 
iron concentrations in bed sediments of 37,000 to 77,000 mg/kg (Harrison et al., 1997).  Three more 
recent studies from specific areas within the Willamette and Umpqua River basins showed ranges of 
iron concentrations in bed sediment similar to those of the WRBWQS.  These are the Tualatin River 
basin at 40,000 to 85,000 mg/kg (Bonn, 1999); the Salem area at 50,000 to 92,000 mg/kg (Tanner, 
2002); and the South Umpqua River basin at 43,000 to 66,000 mg/kg (Hinkle, 1999).  Although the 
maximum value from NDP is slightly greater than the high end of this range, the concentration of iron 
in the sediment at NDL and NDP are typical of the concentrations found River basin and are generally 
considered to be within the expected range of regional background.  For these reasons, iron in 
stormwater-sediment has been assigned a low priority for the RP SCE.  Source control for iron is not 
necessary.  

Manganese: Manganese (stormwater) has been assigned a low priority for the RP SCE.  The 
manganese concentrations in the stormwater data range from 0.0447 mg/L to 0.455 mg/L, and are 
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consistent with the surface water background level of 0.42 mg/L.  For this reason, manganese has 
been assigned a low priority for the RP SCE.  Source control for manganese is not necessary. 

16.8.4 City Outfall 22C COPC Stormwater Pathway Priority 
The potential COIs retained as COPCs for the multi-source City Outfall 22C stormwater pathway are 
provided on Table 16-F.  None of these COPCs are related to RP operations.  The number of COPCs 
per constituent class is summarized below: 

● One VOC (naphthalene) was retained as medium-priority COPC; 

● Three SVOCs (acenaphthene, fluoranthene, and fluorene) were retained as medium-
priority COPCs; and 

● Four PCDDs/PCDFs (1,2,3,4,6,7,8,9-OCDD,  1,2,3,4,6,7,8,9-OCDF, 1,2,3,4,6,7,8-HpCDD, 
and 1,2,3,4,6,7,8-HpCDF) were retained as medium-priority COPCs. 

City Outfall 22C should remain a medium priority and carried forward to a potential SCAA by parties 
other than RP because of the presence of PAHs.  This pathway is a low priority for the RP property 
because: 

● PCDDs/PCDFs are present at anthropogenic background levels, and are not attributable to 
a specific source that could be readily addressed by source control measures.  These 
constituents occur commonly at similar concentrations in the environmental media of all 
sites in the RP property vicinity, and do not drive the need for a potential SCAA evaluation.  

● A significant number of PAHs attributable to Gasco MGP operations and waste disposal 
are detected in stormwater, non-stormwater, and sediment in City Outfall 22C.  Most of the 
Gasco PAHs are screened out during the SCE process for RP-related constituents 
because they are not continuously present between RP source areas and the outfall.  For 
those constituents that were screened out for this reason, concentrations exceed JSCS 
SLVs in surface water, sediment, and non-stormwater in NDL, NDP and the City Outfall 
22C terminus.  

● The primary sources of PAHs to the City Outfall 22C pathway are stormwater runoff or 
infiltration of shallow groundwater from the MGP-affected areas of the Siltronic Site. 

16.9 HDD  

This section presents the results of the screening evaluation of constituents for the HDD pathway.  
This pathway is a current and potential future migration pathway for a limited set of RP-related and 
non-RP-related constituents from multiple sources.  The HDD is located between the BNSF railroad 
tracks and N.W. Front Avenue, northeast of former WDL (Figure 7-A).  The southwestern end of the 
HDD is located approximately 700 feet northeast of the former RP property, on property owned by 
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BNSF and the City.  The HDD is approximately 600 feet in length.  Until December 1980, the HDD 
received historical surface water from the multi-source former Doane Lake which periodically 
overflowed to the River.  An ISCM for the HDD (HDD ISCM) is planned to be completed in 2010 to 
prevent water from the River to blackflow into the HDD and potentially carry sediment with RP and 
non-RP related constituents to the River (Section 7.2.4). 

The screening evaluation assessed all potential COIs in the HDD pathway regardless of source.  The 
dataset contained constituents in the following classes:  VOCs, SVOCs, herbicides, OCIs, 
PCDDs/PCDFs, PCBs, petroleum hydrocarbons, and total and dissolved inorganics.  There are 8 
medium-priority and 11 high-priority COPCs potentially carried forward to a potential SCAA; of these, 
none are solely related to RP.  The screening evaluation is presented on Table J-12 of Appendix J.  
The potential COIs screened, their progression through the screening process, and COIs retained as 
COPCs for consideration in a potential SCAA are discussed below. 

Sources for COIs in the HDD at the Riverbank include all parties that contributed fill or discharged to 
the multi-source former Doane Lake or contributed to filling activities on what is now portions of the 
City and BNSF properties, including: Schnitzer/Air Liquide,  NL/Gould, ESCO, Arkema, BNSF, and 
RP.  These sources contributed COIs from the following chemical classes: VOCs, SVOCs, herbicides, 
OCIs, PCDD/PCDFs, PCBs, petroleum hydrocarbons, and inorganics.  

16.9.1 Data Set 
The data set for the screening evaluation of the HDD pathway included analytical results for the 
following samples: surface soil (17 samples) in and immediately surrounding the HDD, collected in 
2002 and 2004 from 0 to 2 feet bgs.  Sampling locations are presented on Figure 16-E. 

16.9.2 Screening Evaluation Process Variations  
The screening process was described in Section 16.1.  This pathway does not include Riverbank 
samples because the HDD ends at a culvert prior to the Riverbank.  This dataset also does not show 
continuous detection between the RP property and the River because of its location downstream of 
the multi-source former Doane Lake.  However, potential HDD COIs that exceed their SLV are carried 
through the Tier 2 Source and Pathway Identification and Tier 3 WOE Evaluation screening steps, as 
appropriate.  The only steps evaluated for COIs in Tier 2, are whether the potential COI was detected 
in the RP source area dataset; and, if so, the COI progressed to the Pathway Priority Evaluation. 
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16.9.3 Screening Results   
The screening results are discussed by constituent class and then by each of the five screening steps 
as applicable.  There are 8 medium-priority and11 high-priority COPCs potentially carried forward to a 
potential SCAA; of these, none are solely related to RP.      

The HDD data was screened against the DEQ-directed SLVs and is provided in Appendix J.  The 
screening evaluation results are presented in Table J-12 of Appendix J.  The SCE COPCs for the 
multi-source HDD pathway to be evaluated in a potential SCAA are summarized in Table 16-K.   

16.9.3.1 VOCs 

No VOCs were carried forward to a potential SCAA based on measured concentrations.  The nature 
and extent and fate and transport of VOCs at the RP property and vicinity were discussed in Section 
8.4.  

The RP source areas for VOCs are located in the vicinity of known tank farms, waste management 
areas and manufacturing operations in the HA, and in areas where NAPL is known to be present.  
The exception to this is for benzene, which appears to have isolated source areas distributed in both 
the HA and IA.  Several VOCs historically were used in formulation and manufacturing operations in 
the HA and IA (Table 2-C) and are:  1,2-dichlorobenzene, benzene, acetone, methylene chloride 
(dichloromethane or DCM), toluene, xylenes, trichloroethene, tetrachloroethene, and isobutyl alcohol.   

A limited number of VOCs have been detected in soil samples from the HDD.  VOCs have been 
detected near the HDD and could have historically migrated from the multi-source former Doane Lake 
to the HDD.  However, the lack of flow through the HDD and the low concentrations of detected VOCs 
indicate the HDD is not a current migration pathway to River for this chemical class. 

Two VOCS, toluene and trichlorofluoromethane (a common laboratory contaminant), were detected in 
the HDD dataset (Table J-12 in Appendix J), but were not detected above the DEQ-directed SLV.  
Therefore, no VOCs were carried through the Tier 2 screening process.   

Potential COI Identification and Tier 1 – SLV Comparison 

No Tier 2 evaluation for VOCs was completed because no VOCs progressed from Tier 1 SLV 
comparison. 

Tier 2 – Source and Pathway Identification  
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Two VOCs were assigned a low priority because they screened out in Tier 1 SLV Comparison. 

Pathway Priority Evaluation 

No WOE evaluation for VOCs was completed because no VOCs progressed from Tier 1 SLV 
Comparison. 

Tier 3 - WOE Evaluation 

16.9.3.2 SVOCs 

No SVOCs were carried forward to a potential SCAA based on measured concentrations.  The nature 
and extent and fate and transport of SVOCs at the RP property and vicinity were discussed in Section 
8.5.  

The only SVOCs used in manufacturing or formulation operations at the RP property were phenol and 
chlorophenols.  Other potential sources of SVOCs at the RP property are fuel storage, handling, and 
use; vehicle maintenance activities; and the filling of former Doane Lake with imported soil and fill 
material including material from surrounding industrial properties.  Potential RP SVOC source areas 
are located in the vicinity of known tank farms, waste management areas, and manufacturing 
operations in the HA, and in areas where NAPL is known to be present. 

SVOCs, including PAHs, identified in soil in the HDD are within the same low-level range as those 
identified in the adjacent Arkema and ESCO sites, and do not appear to be a significant potential 
source of SVOCs to the River.   

Fifteen SVOCs were detected in the HDD dataset (Table J-12 in Appendix J).  Seven were detected 
above their respective DEQ-directed SLVs and were carried forward to the Tier 2 screening.   

Potential COI Identification and Tier 1 – SLV Comparison 

Seven SVOCs (benzo[a]anthracene, benzo[a]pyrene, chrysene, fluoranthene, indeno[1,2,3-cd]pyrene, 
phenanthrene, and pyrene) were detected in RP source areas and were carried forward to the 
Pathway Priority Evaluation. 

Tier 2 – Source and Pathway Identification  

There are non-RP sources of these potential COIs to this pathway.  As described in Section 3.2 and 
Section 8.5, non-RP sources of SVOCs (PAHs) contributing to the HDD and immediately surrounding 
area include: Arkema, Gasco, McCormick and Baxter, BNSF, City, ESCO, Gould, general industrial 
area aerial deposition, and any other entities that historically discharged into or filled the multi-source 
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former Doane Lake or its remnants, operated industrial boilers in the vicinity, or contributed PAHs to 
River sediments used as fill in this area.   

Eight SVOCs were assigned low priority as they screened out in Tier 1 SLV Comparison.  Seven 
SVOCs (benzo[a]anthracene, benzo[a]pyrene, chrysene, fluoranthene, indeno[1,2,3-cd]pyrene, 
phenanthrene, and pyrene) were assigned a low priority as they did not exceed the SLV by a factor 10 
at the soil sample collected nearest the Riverbank.  No SVOCs progressed to Tier 3 WOE evaluation. 

Pathway Priority Evaluation 

No WOE evaluation for SVOCs was completed because no SVOCs progressed from Tier 1 SLV 
Comparison and Pathway Priority Evaluation. 

Tier 3 – WOE Evaluation 

16.9.3.3 Herbicides 

No herbicides were carried forward to a potential SCAA based on measured concentrations and the 
WOE evaluation.  The nature and extent and fate and transport of herbicides at the RP property and 
vicinity were discussed in Section 8.6. 

A limited set of herbicides was manufactured, packaged, or formulated at the RP facility.  
Manufacturing was discontinued by 1982 with the exception of bromoxynil, which was discontinued in 
1990.  The primary herbicides manufactured or formulated included 2,4-D, Silvex, 2,4,5-T, 
Bromoxynil, dichlorprop, MCPA, and MCPP.  Some herbicide components were also packaged at the 
facility for shipment to other manufacturers.  2,4,5-T was manufactured for a limited time between 
1960 and 1962.  Because of the widespread application of herbicides, these chemicals may have 
been used and stored at many facilities and were routinely used along roadways (including Highway 
30) and in landscapes for noxious weed control. 

Historical investigations have identified herbicide releases on the RP property and surrounding 
properties that have occurred throughout their industrial history.  Herbicide releases at the RP 
property have a distribution that is distinct from distributions associated with releases or uses of 
herbicides at vicinity properties (Section 8.6).  

Five herbicides (2,4,5-T, 2,4-D, 2,4-DB, bromoxynil, and dalapon) were detected in the HDD dataset 
(Table J-12 in Appendix J).  2,4,5-T was not detected above the DEQ-directed SLV.  The four 
remaining herbicides moved forward to Tier 2 screening. 

Potential COI Identification and Tier 1 – SLV Comparison 
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Three herbicides (2,4-D, 2,4-DB, and bromoxynil) were detected in RP source areas and were carried 
forward to Pathway Priority Evaluation.  Dalapon was not detected in the RP source areas and was 
not carried forward in the screening process.  

Tier 2 – Source and Pathway Identification  

There are non-RP sources of these potential COIs to this pathway.  As described in Section 3.2 and 
Section 8.6, non-RP sources of herbicides contributing to the HDD and immediately surrounding area 
include widespread application of herbicides along roadways (including Highway 30) and in 
landscapes for noxious weed control. 

Two herbicides (2,4,5-T and dalapon) were assigned a low priority because they screened out in Tier 
1 SLV Comparison or Tier 2 Source and Pathway Identification.  Two herbicides (2,4-DB and 
bromoxynil) were assigned a low priority as because they had a low SLV exceedance at the 
Riverbank.  One herbicide (2,4-D) was assigned medium priority, as it did not meet the criteria for a 
low or high-priority COI, and was carried forward to the Tier 3 WOE evaluation.  

Pathway Priority Evaluation 

One herbicide (2,4-D) was included in the WOE evaluation for further consideration in a potential 
SCAA. 

Tier 3 – WOE Evaluation 

2,4-D was assigned a low priority for the RP SCE.  2,4-D was detected in a limited area of the HDD (4 
of 15 sampling locations).  Exceedances of 2,4-D at these locations were low (2.5 to 23 times the 
SLV).  Herbicides, including 2,4-D, have not been detected in Riverbank or beach area soils beneath 
the HDD culvert indicating there has been no transport of this COI to the River via this pathway.  For 
these reasons, 2,4-D has been assigned a low priority. 

16.9.3.4 OCIs 

One OCI (4,4’-DDE) was carried forward as a medium-priority COPC and four OCIs (4,4’-DDD, 4,4’-
DDT, dieldrin, and total DDx) were carried forward as high-priority COPCs to a potential SCAA.  The 
nature and extent and fate and transport of OCIs at the RP property and vicinity were discussed in 
Section 8.7. 

OCIs were formulated in the IA from 1945 (StarLink, 2009) until 1969 (EMCON, 1992).  OCIs 
historically used in formulation and manufacturing operations in the IA (Table 2-C) include: aldrin, 
BHCs, chlordane, DDx, dieldrin, endosulfans, endrin, heptachlor, hexachlorobenzene, and toxaphene.  
RP property source areas for OCIs are former operations areas in the IA and potential waste 
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management areas in the LADD area.  OCI sources from other properties in the RP property vicinity 
include historical DDT and lindane manufacturing at Arkema; historical DDT formulation at Kinder 
Morgan/Willbridge; filling of former Doane Lake with fill material sourced from vicinity industrial 
properties; use of OCIs for insect control in the general area; runoff containing OCIs from surrounding 
property owners including ESCO, NL/Gould, Schnitzer/Air Liquide, and RP; use of potential River 
dredge materials as fill on the Siltronic and Arkema properties that potentially contained OCIs from 
Arkema or up-River sources; and atmospheric deposition of OCIs.   

Historical investigations have identified OCI releases on the RP property and surrounding properties 
that have occurred throughout their industrial history.  OCI releases at the RP property have a 
distribution that is distinct from releases of OCIs at vicinity properties, and, therefore, do not overlap 
with the presence of DDx related to manufacturing and disposal by Arkema on their property or with 
releases and uses on surrounding properties (Section 8.7). 

Eleven OCIs were detected in the HDD dataset; two were not detected above the DEQ-directed SLV 
(Table J-12 in Appendix J).  The remaining nine OCIs were carried forward to Tier 2 screening.   

Potential COI Identification and Tier 1 – SLV Comparison 

The nine potential OCIs carried forward to Tier 2 were detected in the RP source areas, and, 
therefore, were carried forward to the Pathway Priority Evaluation.  

Tier 2 – Source and Pathway Identification  

There are non-RP sources of these potential COIs to this pathway.  As described in Section 3.2 and 
Section 8.7, non-RP sources of OCIs contributing to the HDD and immediately surrounding area 
include: historical DDT and lindane manufacturing at Arkema; filling of former Doane Lake with fill 
material sourced from vicinity industrial properties; use of OCIs for insect control in the general area; 
runoff containing OCIs from surrounding property owners including ESCO, NL/Gould, Schnitzer/Air 
Liquide, and RP; potential use of River dredge materials as fill on the Siltronic, BNSF, NL/Gould, and 
Arkema properties that potentially contained OCIs from Arkema or up-River sources; and atmospheric 
deposition of OCIs. 

Endosulfan sulfate and total endosulfan were assigned a low priority because they screened out in 
Tier 1 SLV Comparison.  Endrin ketone and heptachlor epoxide were assigned a low priority because 
they have low exceedance ratios.  4,4’-DDD, 4,4’-DDT, dieldrin, and total DDx met all the criteria for a 
potential high-priority COI and did not progress to Tier 3 WOE Evaluation.  It should be noted that the 
highest concentrations of DDx in the HDD vicinity are from those samples collected east of the HDD 

Pathway Priority Evaluation 
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adjacent to the Arkema Site suggesting that there is a more local source of these compounds to the 
HDD other than RP.  4,4’-DDE, gamma-chlordane, and total chlordane were assigned medium priority 
as they did not meet the criteria for a low or high-priority COI and were carried forward to the WOE 
evaluation.  

The three OCIs (4,4’-DDE, gamma-chlordane, and total chlordane) were included in the WOE 
evaluation for further consideration in a potential SCAA. 

Tier 3 – WOE Evaluation 

4,4’-DDE: DDx compounds were detected in HDD soil samples, with the exception of the locations 
closest to the River (HDD-201 and HDD-202).  4,4’-DDT was typically detected at concentrations 
greater than its metabolites 4,4’-DDD and 4,4’-DDE.  The greatest concentration of 4,4’-DDE in 
surface soil was detected in a sample collected east of the HDD and adjacent to the Arkema Site 
(HDD-211 [0.101 mg/kg]).  The highest detections of the DDx isomers were also at locations east of 
the HDD adjacent to the Arkema Site, suggesting that the historical handling and disposal of DDT-
containing waste generated on the adjacent Arkema Site is a source of 4,4’-DDE to the HDD.  4,4’-
DDE was detected at greater concentrations in the HDD than in surface soils in the LADD area, 
indicating a source proximate to the HDD.  Based on the distribution of 4,4’-DDE (higher surface soil 
concentrations in the HDD) and proximity to the Arkema site, which is a more likely source of this 
compound to the HDD, 4-4’-DDE was assigned a low priority for the RP SCE.  In strict accordance 
with the DEQ-approved screening process, this COPC is being carried forward as medium-priority 
COPC in a potential SCAA. 

Gamma-Chlordane was the only chlorinated hydrocarbon insecticide detected in the HDD.  This is the 
only chlordane that contributes to the total chlordane SLV exceedance in the HDD.  Gamma-
Chlordane was detected in one of fifteen surface samples collected within and near the HDD.  Based 
on the infrequent detection of gamma-chlordane (one time), gamma-chlordane and total chlordane 
have been assigned a low property for the RP SCE.   

16.9.3.5 PCDD/PCDFs 

Seven PCDD/PCDFs were carried forward as medium-priority COPCs and five PCDD/PCDFs 
(1,2,3,4,7,8-HxCDF, 1,2,3,7,8-PeCDF, 2,3,4,7,8-PeCDF, 2,3,7,8-TCDD, and 2,3,7,8-TCDF) were 
carried forward as high-priority COPCs to a potential SCAA.  The nature and extent and fate and 
transport of PCDD/PCDFs at the RP property and vicinity were discussed in Section 8.9. 

In the RP property vicinity, the presence of PCDD/PCDFs in environmental media is a result of 
contribution from a number of sources that include inadvertent production as part of the chlorinated 
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phenol chemistry conducted for the manufacture of herbicides, operation of furnace and boilers on a 
number of neighboring properties including combustion of PCB-containing fuel oils, historical 
chloralkali manufacturing processes placement of dredge spoils from the River for land-filling, 
secondary lead smelting, lead cable sweating, auto-shredder fluff disposal, atmospheric deposition 
concentrated in stormwater run-off,  and extensive continued generation of PCDD/PCDFs from 
gasoline/diesel engines and industrial wood combustion (Cleverly et al., 2003). 

HDD soil sample results indicate multiple sources of PCDD/PCDFs to the HDD and its immediate 
vicinity.  The congener pattern in HDD soil samples is consistent with beach and River sediment 
samples collected near Arkema.  This suggests influence from historical disposal of graphite electrode 
wastes, which are high in PCDFs, contribution of HpCDD and OCDD from pentachlorophenol-based 
sources, and contribution from local or regional combustion-related sources.  Influence from RP-
related sources is not readily identifiable in the PCDD/PCDF congener distribution detected in 
samples from the HDD, suggesting that any contribution related to RP sources is minor compared to 
contribution from other sources. 

Seventeen PCDD/PCDFs were detected in the HDD dataset (Table J-12 in Appendix J) and were 
greater than their respective DEQ-directed SLVs, with the exception of OCDF.  The remaining 16 
potential COIs were carried forward to Tier 2 in the screening process.   

Potential COI Identification and Tier 1 – SLV Comparison 

The 16 potential COIs screened in Tier 2 were detected in the RP source areas and at the Riverbank.  
These potential COIs progressed to Pathway Priority Evaluation. 

Tier 2 – Source and Pathway Identification  

There are non-RP sources of these potential COIs to this pathway.  As described in Section 3.2 and 
Section 8.9, non-RP sources of PCDDs/PCDFs contributing to the HDD and immediately surrounding 
area include: historical operations at the former NL/Gould facility that would generate PCDD/PCDF 
from secondary lead battery smelting, sweating of cable wrapped in either plastic or PCB-coated 
paper for lead and copper recovery, or burning of plastic battery casings; historical a operations on 
Schnitzer/Air Liquide Site that would generate PCDD/PCDF from burning of auto fluff for metals 
recovery; historical operations at the Arkema Site; widespread use of pentachlorophenol-treated wood 
products; potential River dredge materials containing PCDD/PCDFs from the wood preservative 
product wastes from the McCormick & Baxter Site in former Doane Lake, as well as on the BNSF, 
NL/Gould, and Arkema properties; and miscellaneous sources including exhaust from diesel-powered 
trucks and railroad locomotives, and use of industrial boilers or furnaces on multiple properties in the 
vicinity of the RP property. 



 

AMEC Earth & Environmental, Inc. 
Project No.:  0-61M-107030/Phase 0104/T6 659 
K:\10000\10700\10703\0100 RI-FS-ROD\0104 RI Report\Draft RI\RI-SCE Report.Docx 

One COI (OCDF) was assigned a low priority because it screened out in Tier 1 SLV Comparison.  
Four COIs (OCDD, 1,2,3,4,6,7,8-HpCDD and HpCDF, and 1,2,3,4,7,8,9-HpCDF) were assigned a low 
priority because they did not exceed their SLV by a factor of 10.  Seven potential COIs were assigned 
medium priority as they did not meet the criteria for a low or high-priority COI and were carried 
forward to the Tier 3 WOE Evaluation.  1,2,3,4,7,8-HxCDF, 1,2,3,7,8-PeCDF, 2,3,4,7,8-PeCDF, 
2,3,7,8-TCDD, and 2,3,7,8-TCDF met all the criteria for a potential high-priority COI and did not 
progress to Tier 3 WOE Evaluation. 

Pathway Priority Evaluation 

Eight PCDD/PCDFs were included in the WOE evaluation for further consideration in a potential 
SCAA. 

Tier 3 – WOE Evaluation 

The eight PCDD/PCDFs (1,2,3,4,7,8-HxCDD, 1,2,3,6,7,8-HxCDD, 1,2,3,6,7,8-HxCDF,1,2,3,7,8,9-
HxCDD, 1,2,3,7,8,9-HxCDF,1,2,3,7,8-PeCDD, and 2,3,4,6,7,8-HxCDF) were detected in one or more 
of the surface soil samples in the HDD.  PCDD/PCDFs associated with RP source areas tend to have 
congener patterns that include a broad range of PCDD and PCDF congeners, but are dominated by 
2,3,7,8-TCDD, OCDD, and to a lesser degree OCDF.  While there is some variability in relative 
concentrations of other PCDD/PCDF congeners, they are generally present at distinctly lower 
concentrations than the three principal congeners.  In most samples from the HDD, PCDF congeners 
were present at concentrations an order of magnitude higher than 2,3,7,8-TCDD.  This pattern is 
consistent with beach samples and River sediment samples collected near Arkema, and suggest 
influence from historical disposal of graphite electrode wastes which are high in PCDFs, and 
contribution of HpCDD and OCDD from pentachlorophenol-based sources.  This also suggests that 
PCDD/PCDFs in the HDD are largely related both to historical waste management practices at the 
Arkema Site and possibly to fill from dredged materials containing wastes from the McCormick and 
Baxter Site.  For these reasons, these PCDD/PCDF congeners are assigned low priority for the RP 
SCE.  In strict accordance with the DEQ-approved screening process, these COPC are being carried 
forward as medium-priority COPCs for a potential SCAA. 

16.9.3.6 PCBs 

Aroclor 1260 and total PCBs were carried forward as high-priority COPCs to a potential SCAA.  The 
nature and extent and fate and transport of PCBs at the RP property and vicinity were discussed in 
Section 8.10. 

Historical records concerning presence and use of PCBs at the former RP facility show that potential 
sources of PCBs are limited to eight transformers formerly in the HA and IA and possible use of small 
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amounts of heat transfer fluid that may have contained PCBs during a short period of time (Section 2).  
PCB sources from other properties in the RP property vicinity that contributed to the HDD include 
historical auto fluff processing operations, transformers, and waste compressor oil on Schnitzer/Air 
Liquide Site,  historical operations (including cable sweating and transformers) at the former NL/Gould 
facility, burning of PCB-containing waste oil on the Arkema Site, the BPA substation and transformers 
located on the Arkema Site, and placement of River dredge spoils containing wastes from multiple 
sources, which were used for fill in former Doane Lake and on the Arkema, Siltronic, and BNSF sites. 

Aroclor 1260 and total PCBs were detected in the HDD dataset.  Both of these potential COIs 
exceeded the DEQ-directed SLV.  Therefore, they were carried forward to Tier 2 screening. 

Potential COI Identification and Tier 1 – SLV Comparison 

Aroclor 1260 and total PCBs were detected in the RP source area.  These potential COIs were carried 
forward to Pathway Priority Evaluation.   

Tier 2 – Source and Pathway Identification  

Aroclor 1260 was detected in 1 out of 60 samples in the RP source area data set (IA/HA/LADD 
exposure unit soils).  In addition, Aroclor 1260 was historically used in a large number of applications, 
and is commonly detected in urban samples.  The RP property is highly unlikely to be the source of 
Aroclor 1260 and total PCBs detected above the SLV at the HDD.  Non-RP sources of PCBs 
contributing to the HDD and immediately surrounding area include Arkema, BNSF, City, ESCO, 
Gould, and Schnitzer/Air Liquide, general industrial area aerial deposition, and any other entities that 
historically discharged into or filled the former Doane Lake or its remnants.  Additional discussion of 
sources of PCBs in the former Doane Lake area can be found in Section 3.2  

Aroclor 1260 and total PCBs met all the criteria for a potential high-priority COI and did not progress 
to Tier 3 WOE Evaluation.   

Pathway Priority Evaluation 

No weight of evidence evaluation for PCBs was completed because all detected PCBs were 
considered high priority. 

Tier 3 - WOE Evaluation 
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16.9.3.7 Inorganics 

One inorganic, iron, was carried forward as medium-priority COPC to a potential SCAA.  The nature 
and extent and fate and transport of inorganics at the RP property and vicinity were discussed in 
Section 8.12. 

The distribution of inorganic constituents in environmental media at the RP property and vicinity is 
widespread, as expected given the natural and anthropogenic sources of inorganics in the 
environment.  River sediments and local soils are documented to contain native concentrations of a 
number of metals that are present in environmental media at the RP property and vicinity.  There is no 
discernible pattern or concentration gradient metals in soil or groundwater that suggests the presence 
of a coherent plume that originates in and moves away from any particular source area.  Although 
areas of higher concentration are evident in the data, these apparent sources are surrounded by 
multiple data points with lower or nondetectable concentrations of the same element.   

The general distribution of metals is consistent with the natural and human history of the former 
Doane Lake area.  In particular, on the south side of the BNSF railroad tracks, FDL was filled with 
material from a variety of sources, including soil from various sources and potential dredged material 
from the River, foundry sands from ESCO, baghouse dust and other metal-bearing wastes from 
NL/Gould and predecessors, and limited amounts of construction debris.  These fill materials 
contribute metals to environmental media in the RP property vicinity and are important sources of 
metals to the soil, groundwater, and surface water system. 

Twenty-three inorganics with DEQ-directed SLVs were detected in the HDD dataset (Table J-12 in 
Appendix J).  Detections of 14 of the inorganics were greater than their respective SLVs, and were 
carried forward to Tier 2 in the screening process.   

Potential COI Identification and Tier 1 – SLV Comparison 

The 14 inorganics in the HDD dataset that passed through to Tier 2 screening were detected in RP 
source areas and progressed to the Pathway Priority Evaluation.     

Tier 2 – Source and Pathway Identification  

Nine inorganics were assigned a low priority because they screened out in Tier 1 SLV Comparison.  
Ten inorganics were assigned a low priority because they have low exceedance ratios.  Four 
inorganics are considered medium priority as they did not meet the other criteria for a low or high-
priority COI and were carried forward to the WOE evaluation.  

Pathway Priority Evaluation 
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There are non-RP sources of these potential COIs to this pathway.  As described in Section 3.2 and 
Section 8.12, non-RP sources of inorganics contributing to the HDD and immediately surrounding 
area include: historical operation and disposal of battery casings by the NL/Gould facility; historical 
auto fluff processing operations on Schnitzer/Air Liquide Site; landfilling activities by ESCO on its 
property, historical operations at the Arkema Site; and potential River dredge materials containing 
elevated levels of inorganics placed as fill in the RP property and vicinity.  

The WOE evaluation for inorganics includes screening the potential COIs against background 
inorganic values for soil (Table J-3 in Appendix J).   

Tier 3 – WOE Evaluation 

Four inorganics (aluminum, arsenic, iron, and zinc) in the HDD dataset were retained for screening in 
the WOE evaluation.  Arsenic and zinc exceeded DEQ published soil background values (Table J-3 in 
Appendix J).  No DEQ published soil or sediment background values were available for aluminum and 
iron.  These four inorganics are evaluated individually below. 

A total of four inorganics (aluminum, arsenic, iron, and zinc) are addressed in the WOE evaluation to 
assess if there is a complete pathway for these inorganics in HDD surface soil.  The discussion for 
each inorganic will address the relevant media and datasets for the HDD pathway. 

Aluminum:  Aluminum in HDD surface soil has been assigned a low priority for the RP SCE.  The 
maximum concentration of aluminum in HDD surface soil is 27,900 mg/kg.  Published background 
levels for aluminum in the Pacific Northwest indicate that aluminum is present at percent (%) levels in 
native soils and River sediments.  The 90th percentile aluminum concentration for the State of 
Washington is 37,200 mg/kg (Ecology, 1998).  Aluminum concentrations in Willamette River sediment 
are even higher as documented in multiple studies.  The WRBWQS reported a range of aluminum 
concentrations in bed sediments of 59,000 to 85,000 mg/kg (Harrison et al., 1997).  Two more recent 
studies from specific areas within the Willamette River basins showed ranges of aluminum 
concentrations in bed sediment similar to that of the WRBWQS (Tualatin River basin at 65,000 to 
78,000 mg/kg (Bonn, 1999) and the Salem area at 72,000 to 100,000 mg/kg (Tanner, 2002).  Based 
on these data, it is concluded that the concentrations of aluminum in the HDD surface soils are within 
expected regional background.  Source control for aluminum in the HDD is not necessary.    

Arsenic:  Arsenic in HDD surface soil has been assigned a low priority for the RP SCE.  Arsenic 
concentrations in HDD surface soil range from less than 1 to approximately 15 mg/kg, with one 
outlying concentration of 46.5 mg/kg.  Twelve of the 17 arsenic detections were less than the 
background value of 7 mg/kg.  All the arsenic concentrations that are greater than the background 
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level are co-located, but are separated from the end of former WDL and from the Riverbank by 
samples with arsenic concentrations that are at or below the background concentration.  This 
distribution demonstrates a localized source of arsenic to the HDD, and indicates that arsenic is not 
being transported to the Riverbank above background.  Source control for arsenic in the HDD is not 
necessary, as levels are consistent with background. 

Iron:  Iron in HDD surface soil has been assigned a low priority for the RP SCE.  The maximum 
concentration of iron in HDD soil is 42,200 mg/kg.  Background levels have been published for iron in 
the Pacific Northwest indicate that iron is present at percent (%) levels in native soils and River 
sediments.  The 90th percentile aluminum concentration for the State of Washington is 43,100 mg/kg 
(Ecology, 1998).  Iron concentrations in Willamette River sediment are even higher as documented in 
a multiple studies.  The WRBWQS reported a range of iron concentrations in bed sediments of 37,000 
to 77,000 mg/kg (Harrison et al., 1997).  Two more recent studies from specific areas within the 
Willamette River Basin showed ranges of iron concentrations in bed sediment similar to those of the 
WRBWQS (Tualatin River basin at 40,000 to 85,000 mg/kg (Bonn, 1999) and the Salem area at 
50,000 to 92,000 mg/kg (Tanner, 2002).  Based on these studies, concentrations of iron in the HDD 
soils are within expected regional background.  Source control for iron in the HDD is not necessary.  

Zinc:  Zinc in HDD surface soil has been assigned a low priority for the RP SCE.  Zinc concentrations 
in HDD soil range from 20 to 286 mg/kg.  The SLV for zinc in upland soil, as provided on Table 3-1 of 
the JSCS (DEQ/EPA, 2005), is 459 mg/kg.  Zinc concentrations in HDD soil are significantly less than 
this SLV.  HDD soil is considered upland soil because no stormwater flows from the HDD through the 
culvert to the River, except during extreme high water River conditions.  Therefore, source control for 
zinc in the HDD is not necessary, as levels are consistent with background. 

16.9.4 HDD Pathway Priority 
The potential COIs retained as COPCs for the multi-source HDD pathway are provided on Table 16-
G.  The number of COPCs per constituent class is summarized below: 

● One OCI (4,4’-DDE) was retained as medium-priority COPC, and four (4,4’-DDD, 4,4’-
DDT, dieldrin, and total DDx) were retained as high-priority COPCs; 

● Seven PCDD/PCDFs were carried forward as medium-priority COPCs and five 
PCDD/PCDFs ( 1,2,3,4,7,8-HxCDF, 1,2,3,7,8-PeCDF, 2,3,4,7,8-PeCDF, 2,3,7,8-TCDD, 
and 2,3,7,8-TCDF) were retained as high-priority COPCs; and 

● Two PCBs (Aroclor 1260 and total PCBs) were retained as high-priority COPCs. 

The HDD pathway should not be carried forward to a potential SCAA because it should be considered 
an incomplete pathway.  The HDD only has potential to carry water during extreme weather 
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conditions when the Willamette River floods and backs up into the HDD.  The River would need to be 
7.6 feet above flood stage (between a 50 and 100 year flood probability) to reach the elevation of the 
HDD (USACE, 1971 and 1977).  As part of the HDD ISCM Work Plan submitted to the DEQ on 
August 19, 2010 (AMEC, 2010t), the culvert connecting the HDD under N.W. Front Avenue to the 
Riverbank will be fitted with a cut-off valve to prevent River flood water from entering the HDD.  As a 
result, the potential pathway will be eliminated. 

16.10 BANK EROSION 

This section presents the results of the screening evaluation of constituents for the Bank Erosion 
pathway.  The Bank Erosion pathway is a current and potential future migration pathway for limited 
RP-related and non-RP related constituents from multiple sources.  The Bank Erosion pathway is 
defined as historically deposited constituents in surface soils on the Riverbank below the terminus of 
City Outfall 22B, City Outfall 22C, and the HDD that potentially migrate to the River.   

The screening evaluation assesses all potential COIs in the Bank Erosion pathway regardless of 
source.  The dataset contained constituents in the following classes:  SVOCs, OCIs, PCDDs/PCDFs, 
PCBs, petroleum hydrocarbons, and inorganics.  There are 35 medium-priority COPCs and 6 high-
priority COPCs potentially carried forward to a potential SCAA; of these, none are solely related to an 
RP source and/or are naturally occurring above SLVs in the Portland Basin.  The screening evaluation 
is presented on Table J-13 in Appendix J.  The potential COIs screened, their progression through the 
screening process, and COIs retained as COPCs for consideration in a potential SCAA are discussed 
below. 

There is no current complete pathway for constituents from the RP source areas to reach the beach 
area.  Sources for COIs in the Bank Erosion pathway at the Riverbank include all parties that 
contributed fill or discharged to the multi-source former Doane Lake or contributed to filling activities 
on what is now portions of the City and BNSF properties including: Schnitzer, Air Liquide, NL/Gould, 
ESCO, Arkema, BNSF, and RP.  Responsible parties to the Portland Harbor Superfund Site located 
upstream of River Mile 7 also may be sources for COIs in the Bank Erosion pathway.  These sources 
contribute constituents from the following chemical classes:  SVOCs, OCIs, PCDDs/PCDFs, PCBs, 
petroleum hydrocarbons, and inorganics. 

16.10.1 Dataset 
The dataset for the Bank Erosion pathway screening evaluation included analytical results for 
composite sediment samples (0 to 1.5 feet bgs) collected in August 2007 from the following locations: 
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● Beach 01 near the terminus of City Outfall 22C (one sample) 

● Beach-03 near the terminus of City Outfall 22B and the HDD (two samples). 

Sample locations are shown on Figure 16-F.   

16.10.2 Screening Evaluation Process Variations 
The screening process was described in Section 16.1.  The Bank Erosion pathway consists entirely of 
Riverbank samples.  This dataset also does not show continuous detection between the RP property 
and the River, due to the nature of the pathway and its location downstream of multiple sources, and 
because no current complete pathway exists that could result in transport of constituents from the RP 
source areas to the beach area.  Bank Erosion potential COIs that exceed the SLV are carried 
through the Tier 2 Source and Pathway Identification and Tier 3 WOE Evaluation screening steps, as 
appropriate.  If a potential COI proceeds past Tier 1 SLV Comparison, the only steps evaluated in Tier 
2 Source and Pathway Identification are whether the potential COI was detected in the RP source 
area dataset and, if so, the potential COI priority. 

16.10.3 Screening Results 
The screening results are discussed by constituent class and then by each of the five screening steps 
as applicable.  There are 35 medium-priority COPCs and 6 high-priority COPCs potentially carried 
forward to a potential SCAA; of these, none are solely related to an RP source and/or are naturally 
occurring above SLVs in the Portland Basin.   

The Bank Erosion data were screened against the DEQ-directed SLVs and are provided in Appendix 
J.  The screening evaluation results are presented in Table J-13 of Appendix J.  The SCE COPCs for 
the multi-source Bank Erosion pathway to be evaluated in a potential SCAA are summarized in Table 
16-H.   

16.10.3.1 SVOCs 

Seven SVOCs were carried forward as medium-priority COPCs to a potential SCAA, but these 
COPCs were not related to RP operations.  No SVOCs were retained for the RP SCE.  The nature 
and extent and fate and transport of SVOCs at the RP property and vicinity were discussed in Section 
8.5.  

The only SVOCs used in historical manufacturing or formulation operations at the RP property were 
phenol and chlorinated phenols.  Other potential sources of SVOCs at the RP property are fuel 
storage, handling, and use; vehicle maintenance activities; and the filling of former Doane Lake with 
imported soil and fill material including material from surrounding industrial properties.  Potential RP 
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SVOC source areas are located in the vicinity of known tank farms, waste management areas, and 
manufacturing operations in the HA, and in areas where NAPL is known to be present.   

Historical investigations have identified SVOC releases on the RP property and surrounding 
properties that have occurred throughout their industrial history.  SVOC releases at the RP property 
have a distribution that is distinct from releases of SVOCs at vicinity properties, and, therefore, do not 
overlap with the presence of PAHs related to MGP wastes on Siltronic Site or with releases of PAHs 
or other SVOCs on surrounding properties (Section 8.5). 

Nineteen SVOCs were detected in the Bank Erosion dataset (Table J-13 in Appendix J).  Three were 
not detected above their respective DEQ-directed SLVs and did not progress to Tier 2 screening.   

Potential COI Identification and Tier 1 – SLV Comparison 

The 16 SVOCs screened in Tier 2 were detected in RP source areas, including phthalates, PAHs, 
benzoic acid, and benzyl alcohol.  All 16 SVOCs progressed to the Pathway Priority Evaluation.   

Tier 2 – Source and Pathway Identification  

There are non-RP sources of these potential COIs to this pathway.  As described in Section 3.2 and 
Section 8.5, non-RP sources of SVOCs contributing to the Bank Erosion pathway and immediately 
surrounding area include: Gasco, BNSF, and urban runoff from the Tualatin Mountains and Highway 
30.  PAHs are COIs on the Gasco and Siltronic sites, as stated in the Source Control Evaluation 
Report, Segment 3 Siltronic Property Related to NW Natural “Gasco” Site (Anchor QEA, 2009).  
Particularly high detections of these compounds were found in groundwater on Siltronic property.  
PAHs have been detected at levels exceeding their respective JSCS SLVs in Doane Creek sediment 
upstream from the NDP. 

Three of the 19 detected SVOCs were assigned low priority because they screened out in the Tier 1 
SLV Comparison.  Nine of the 19 SVOCs were assigned a low priority because they did not exceed 
their SLV by a factor of 10 or more.  Seven SVOCs (benzo[a]anthracene, benzo[a]pyrene, 
benzo[k]fluoranthene, benzyl alcohol, chrysene, indeno[1,2,3-cd]pyrene, and pyrene) were assigned 
medium priority because they did not meet the criteria for a low or high-priority COI and were carried 
forward to Tier 3 WOE evaluation.    

Pathway Priority Evaluation 

The seven SVOCs included in the WOE evaluation (benzo[a]anthracene, benzo[a]pyrene, 
benzo[k]fluoranthene, benzyl alcohol, chrysene, indeno[1,2,3-cd]pyrene, and pyrene) were further 

Tier 3 – WOE Evaluation 
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evaluated to determine if these SVOCs should be retained as COPCs for consideration in a potential 
SCAA.  These SVOCs are known COPCs for the Gasco Site, are commonly associated with fuel 
storage and distribution sites, and are detected at concentrations above their respective JSCS SLVs 
throughout Portland Harbor and other urban waterways. 

The PAHs detected in the Bank Erosion dataset are not from an RP source.  PAHs were not used in 
historical manufacturing or formulation operations at the RP property.  Detections of 
benzo(a)anthracene, benzo(a)pyrene, benzo(k)fluoranthene, chrysene, indeno(1,2,3-cd)pyrene, and 
pyrene in shallow soils at the RP property occur at similar or lower concentrations than those detected 
in the Bank Erosion samples.  RP property PAH detections are isolated and surrounded by soil 
samples from with no detections.  There was not a significant release of PAHs to surface soil that was 
a source to shallow soils in the HDD or at the beach.  Detections of the six PAHs in Bank Erosion 
samples are all greater than the detections of these PAHs in HDD soil samples, further demonstrating 
that PAHs in Bank Erosion soils are not likely to have come through the HDD, and are more likely to 
have come from discharge from City Outfalls 22B or 22C or from deposition from River sediments.  
The six PAHs were not detected in non-stormwater flow from either outfall.  For these reasons, 
benzo(a)anthracene, benzo(a)pyrene, benzo(k)fluoranthene, chrysene, indeno(1,2,3-cd)pyrene, and 
pyrene have been assigned a low priority for the RP SCE.  In strict accordance with the DEQ-
approved screening process, these six PAHs are being carried forward as medium-priority COPC to 
be considered in a potential SCAA performed by parties other than StarLink. 

The benzyl alcohol detected in the Bank Erosion data set is not from an RP source because benzyl 
alcohol was not detected in soil on RP property or in the HDD.  Benzyl alcohol also was not detected 
in non-stormwater flow from City Outfalls 22B or 22C.  Benzyl alcohol has been assigned a low 
priority for the RP SCE.  Further evaluation that DEQ may require for this compound should be 
performed by other parties, and not by StarLink.  In strict accordance with the DEQ-approved 
screening process, benzyl alcohol is being carried forward as medium-priority COPC in a potential 
SCAA. 

16.10.3.2 Herbicides 

No herbicides were detected in the Bank Erosion dataset.  Therefore, no herbicides were carried 
forward to a potential SCAA.  The nature and extent and fate and transport of herbicides at the RP 
property and vicinity were discussed in Section 8.6.   

No herbicides were detected in the Bank Erosion dataset.  Therefore, no herbicides were carried 
through the Tier 2 screening process.   

Potential COI Identification and Tier 1 – SLV Comparison 
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No Tier 2 evaluation for herbicides was completed because no herbicides progressed from Potential 
COI Identification. 

Tier 2 – Source and Pathway Identification  

No herbicides were assigned priority because they screened out in Potential COI Identification. 

Pathway Priority Evaluation 

No WOE evaluation for herbicides was completed because no herbicides progressed from Potential 
COI Identification. 

Tier 3 - WOE Evaluation 

16.10.3.3 OCIs 

Eleven OCIs were carried forward as medium-priority COPCs, and three OCIs were carried forward 
as high-priority COPCs to a potential SCAA.  The nature and extent and fate and transport of OCIs at 
the RP property and vicinity were discussed in Section 8.7.  

OCIs detected in the RI data set were DDx, BHCs, endosulfans, aldrin, dieldrin, endrins, chlordanes, 
hexachlorobenzene, hexachlorobutadiene, toxaphene, mirex, and perthane.  OCIs were not 
formulated at the RP manufacturing facility after 1969 (EMCON, 1992).  Hexachlorobutadiene, mirex, 
and perthane were not historically used in RP formulation and manufacturing operations.  Mirex was a 
dimer of hexachlorocyclopentadiene produced by the Hooker Chemical company that was also sold 
as a flame retardant under the trade name dechlorane for use as a flame retardant.  Source areas for 
OCIs are the IA and the LADD area.  OCI sources on other vicinity properties include DDT and 
lindane at Arkema; DDT at GATX/Willbridge; fill material sourced from vicinity industrial properties and 
used to fill former Doane Lake; OCIs from insect control in the general area; runoff containing OCIs 
from surrounding properties including ESCO, NL/Gould, Schnitzer/Air Liquide, and RP; Willamette 
River dredge materials used as fill on the Siltronic and Arkema sites that potentially contained OCIs 
from Arkema or up-River sources; and atmospheric deposition.   The transport pathway for OCIs from 
the RP property to the River is not complete based on the concentrations and distribution of OCIs and 
effects of 1) limited sources at RP and 2) natural attenuation processes, especially within former 
Doane Lake area 3). 

Historical investigations have identified OCI releases on the RP property and surrounding properties 
that have occurred throughout their industrial history.  OCI releases at the RP property have a 
distribution that is distinct from releases of OCIs at vicinity properties, and therefore do not overlap 
with the presence of DDx related to manufacturing and disposal by Arkema on their property or with 
releases and uses on surrounding properties (Section 8.7). 
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Thirty-three potential OCIs were detected in the Bank Erosion dataset (Table J-13 in Appendix J).  
Thirteen potential COIs did not exceed their respective DEQ-directed SLVs.  The remaining 20 
potential OCIs were carried forward to Tier 2 Source and Pathway Identification. 

Potential COI Identification and Tier 1 – SLV Comparison 

The 20 potential OCIs carried forward to Tier 2 were either detected in the RP source areas or were 
not analyzed for in the source area dataset.  These COIs were carried forward to the Pathway Priority 
Evaluation. 

Tier 2 – Source and Pathway Identification  

There are non-RP sources of these potential COIs to this pathway.  As described in Section 3.2 and 
Section 8.7, non-RP sources of OCIs contributing to detections in the Bank Erosion dataset and 
immediately surrounding area include: historical DDT and lindane manufacturing at Arkema; filling of 
former Doane Lake with fill material sourced from vicinity industrial properties; use of OCIs for insect 
control in the general area; runoff containing OCIs from surrounding property owners including ESCO, 
NL/Gould, Schnitzer/Air Liquide, and RP; use of potential River dredge materials as fill on the Siltronic 
and Arkema sites that potentially contained OCIs from Arkema or up-River sources; and atmospheric 
deposition of OCIs. 

Thirteen of 33 OCIs were assigned a low priority because they screened out in Tier 1 SLV 
Comparison.  Six of 33 OCIs were assigned a low priority because they did not exceed the SLV by 
more than a factor of 10.  Three of 33 OCIs (dieldrin, total chlordane, and total DDx) met the criteria 
for a potential high-priority COI and did not progress to Tier 3 WOE Evaluation.  The remaining 11 
OCIs were carried forward to the Tier 3 WOE evaluation.  

Pathway Priority Evaluation 

The 11 OCIs (2,4’-DDD, 2,4’-DDE, 2,4’-DDT, 4,4’-DDD, 4,4’-DDE, 4,4’-DDT, aldrin, alpha-chlordane, 
cis-nonachlor, gamma-chlordane, and trans-nonachlor) were evaluated as part of the Tier 3 WOE 
Evaluation. 

Tier 3 – WOE Evaluation 

DDx compounds (2,4’-DDD, 2,4’-DDE, 2,4’-DDT, 4,4’-DDD, 4,4’-DDE, 4,4’-DDT):  DDx compounds 
were detected in the Bank Erosion dataset at concentrations less than 1 mg/kg.  Concentrations of 
DDx compounds in the HDD are similar, but range up to 1.44 mg/kg.  The higher DDx compound 
concentrations are generally located further from the beach.  DDx compounds were not detected at 
the HDD locations closest to the River (HDD-201 and HDD-202).  This distribution indicates the HDD 
was not a likely pathway for DDx compounds to the beach.  In contrast, DDx compounds were 
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detected at concentrations greater than 1 mg/kg at four other locations on the beach in front of 
Arkema Lots 1 and 2.  Two of these samples were greater than 10 mg/kg.  With the exception of one 
sample from the LADD, DDx compounds were detected at higher concentrations in the HDD and in 
the Bank Erosion dataset than in surface soils in the LADD area, indicating that the DDx was not 
transported from the LADD to the HDD and riverbank, and that the DDx is related to a source at the 
River.   

Individual DDx compounds are assigned a low priority for the RP SCE because the distribution of DDx 
in soil, including the LADD area, the HDD, the Bank Erosion dataset, and other samples collected 
from the beach indicate there is a source of DDx proximate to the River.  Further evaluation that DEQ 
may require for DDx compounds should be performed by other parties, and not by StarLink.  In strict 
accordance with the DEQ-approved screening process, the individual DDx compounds are being 
carried forward as medium-priority COPC for consideration in a potential SCAA performed by Arkema. 

Aldrin:  Aldrin was detected in one of the two locations in the Bank Erosion dataset.  Aldrin was not 
detected in HDD soils and is not detected in other samples collected from the beach in front of 
Arkema Lots 1 and 2.  Aldrin was detected in sediments cleaned out of the City Outfall 22B storm 
sewer system, and this is the likely source of aldrin in the Bank Erosion dataset.  Aldrin is assigned a 
low priority for the RP SCE because of the limited source and localized extent of detections near the 
terminus of City Outfall 22B.  In strict accordance with the DEQ-approved screening process, aldrin is 
being carried forward as medium-priority COPC for consideration in a potential SCAA related to bank 
erosion. 

Chlordane compounds (alpha-chlordane, gamma-chlordane, cis-nonachlor, and trans-nonachlor):  
The highest concentration of chlordane compounds is in the sample nearest the discharge point for 
City Outfall 22B.  Only gamma-chlordane is detected, and only once, in shallow HDD soils (2 feet or 
less).  Chlordane compounds were not detected in other samples collected from the beach in front of 
Arkema Lots 1 and 2.  Each chlordane compound was detected in sediments cleaned out of the City 
Outfall 22B storm sewer system.  Each chlordane compound is assigned a low priority for the RP SCE 
because of the limited source and localized extent of detections near the terminus of City Outfall 22B.  
In strict accordance with the DEQ-approved screening process, aldrin is being carried forward as 
medium-priority COPC for consideration in a potential SCAA related to bank erosion. 

16.10.3.4 PCDDs/PCDFs 

Eleven PCDDs/PCDFs were carried forward as medium-priority COPCs and two PCDDs/PCDFs were 
carried forward as high-priority COPCs to a potential SCAA.  The nature and extent and fate and 
transport of PCDDs/PCDFs at the RP property and vicinity were discussed in Section 8.9.  
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In the RP property vicinity, the presence of PCDDs/PCDFs in environmental media is a result of 
contribution from a number of sources that include inadvertent production as part of the chlorinated 
phenol chemistry conducted for the manufacture of herbicides, operation of furnace and boilers on a 
number of neighboring properties including combustion of PCB-containing fuel oils, historical 
chloralkali manufacturing processes placement of dredge spoils from the River for land-filling, 
secondary lead smelting, lead cable sweating, auto-shredder fluff disposal, atmospheric deposition 
concentrated in stormwater run-off,  and extensive continued generation of PCDDs/PCDFs from 
gasoline/diesel engines and industrial wood combustion (Cleverly et al., 2003). 

Areas with PCDDs/PCDFs related to specific sources tend to have higher concentrations of 
PCDDs/PCDFs than the areas that are affected by anthropogenic background.  In addition, 
PCDDs/PCDFs associated with RP source areas tend to have congener patterns that include a broad 
range of PCDD and PCDF congeners, but are dominated by 2,3,7,8-TCDD, OCDD, and, to a lesser 
degree, OCDF.  While there is some variability in relative concentrations of other PCDD/PCDF 
congeners, they are generally present a distinctly lower concentrations than the three principal 
congeners. 

The beach soil samples indicate multiple sources of PCDDs/PCDFs to the beach and its immediate 
vicinity.  The congener pattern in beach soil samples is consistent with River sediment samples 
collected near Arkema.  This suggests influence from historical disposal of graphite electrode wastes, 
which are high in PCDFs, contribution of HpCDD and OCDD from pentachlorophenol-based sources, 
and contribution from local or regional combustion-related sources.  Influence from RP-related 
sources is not readily identifiable in the PCDD/PCDF congener distribution detected in samples from 
the HDD, suggesting that any contribution related to RP sources is minor compare to contribution 
from other sources. 

Seventeen PCDD/PCDF congeners were detected in the Bank Erosion dataset (Table J-13 in 
Appendix J).  Detections of OCDF and 1,2,3,4,7,8,9-HpCDF did not exceed their respective SLVs.  
The remaining 15 potential COIs were greater than their DEQ-directed SLVs, and were carried 
forward to Tier 2 Source and Pathway Identification.   

COI Identification and Tier 1 – SLV Comparison 

The 15 potential COIs screened in Tier 2 were detected in the RP source areas and were carried 
forward to the Pathway Priority Evaluation.  

Tier 2 – Source and Pathway Identification  
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There are non-RP sources of these COIs to this pathway.  As described in Section 3.2 and Section 
8.9, non-RP sources of PCDDs/PCDFs contributing to the Bank Erosion and immediately surrounding 
area include many industrial properties upstream and in the vicinity of the RP property including but 
not limited to, Arkema, McCormick and Baxter, Gasco and NL/Gould sites, as well as contribution 
from those that operated industrial boilers in the vicinity, municipal and private stormwater discharges, 
and those that contributed to the City Outfall 22B, City Outfall 22C, and HDD pathways.     

OCDF and 1,2,3,4,7,8,9-HpCDF were assigned low priority because they screened out in Tier 1 SLV 
Comparison.  Two PCDDs/PCDFs were assigned a low priority because they did not exceed their 
SLV by more than a factor of 10.  2,3,4,7,8-PeCDF and 2,3,7,8-TCDD met the criteria for a high-
priority COI and did not progress to Tier 3 WOE Evaluation.  The remaining 11 potential COIs were 
carried forward to the WOE evaluation.   

Pathway Priority Evaluation 

Eleven PCDDs/PCDFs were further evaluated for consideration in a potential SCAA. 

Tier 3 – WOE Evaluation 

The eleven PCDDs/PCDFs (1,2,3,4,6,7,8-HpCDD, 1,2,3,4,7,8-HxCDD, 1,2,3,4,7,8-HxCDF, 
1,2,3,6,7,8-HxCDD, 1,2,3,6,7,8-HxCDF,1,2,3,7,8,9-HxCDD, 1,2,3,7,8,9-HxCDF, 1,2,3,7,8-PeCDD, 
1,2,3,7,8-PeCDF, 2,3,4,6,7,8-HxCDF, and 2,3,7,8-TCDF) were each detected in the Bank Erosion 
dataset.  PCDDs/PCDFs associated with RP source areas tend to have congener patterns that 
include a broad range of PCDD and PCDF congeners, but are dominated by 2,3,7,8-TCDD, OCDD, 
and to a lesser degree OCDF.  While there is some variability in relative concentrations of other 
PCDD/PCDF congeners, they are generally present at distinctly lower concentrations than the three 
principal congeners.  In most samples, PCDF congeners were present at concentrations an order of 
magnitude higher than 2,3,7,8-TCDD.  This pattern is consistent with beach samples and River 
sediment samples collected near Arkema and reflect historical disposal of graphite electrode wastes.  
These wastes are high in PCDFs and include contribution of HpCDD and OCDD from 
pentachlorophenol-based sources.  This also suggests that PCDDs/PCDFs in riverbank soils are 
largely related both to historical waste management practices at the Arkema Site and possibly to fill 
from dredged materials containing wastes from the McCormick and Baxter Site.  For these reasons, 
these PCDD/PCDF congeners are assigned low priority for the RP SCE.  In strict accordance with the 
DEQ-approved screening process, these COPCs are carried forward as medium-priority COPC for 
consideration in a potential SCAA related to bank erosion. 
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16.10.3.5 PCBs 

Five PCB congeners (PCB 77, 105, 118, 156/157, and 167) were carried forward as medium-priority 
COPCs and total PCBs (inferred Aroclor 1260) was carried forward as a high-priority COPC to a 
potential SCAA.  No PCBs were retained for the RP SCE.  The nature and extent and fate and 
transport of PCBs at the RP property and vicinity were discussed in Section 8.10.  

It is evident from the PCB distribution in the RP RI datasets and data from vicinity properties that 
PCBs in environmental media at the RP property and vicinity are related to multiple sources.  
Historical records concerning presence and use of PCBs at the RP property show that potential 
sources of PCBs are limited to eight transformers formerly in the HA and IA and possible use of small 
amounts of heat transfer fluid that may have contained PCBs during a short period of time (Section 2).  
In general, PCB detections were isolated and areas where PCBs were detected were interspersed 
with areas where PCBs were not detected.  The specific Aroclors detected in soil samples differed 
across the RP property and vicinity properties (Figure H-389 in Appendix H), and the data distribution 
suggests localized individual releases from a variety of sources currently or formerly located around 
former Doane Lake.  There is no evidence of continuous presence of PCBs in soil from sources 
related to historical operations at the former RP plant to other areas at the RP property, vicinity 
properties, or the River. 

PCB congeners 77, 105, 118, 156/157, 167, 189, and total PCBs (inferred Aroclor 1260) were 
detected in the Bank Erosion dataset.  All but PCB 189 exceeded their respective DEQ-directed 
SLVs.  Therefore, PCB 77, 105, 118, 156/157, 167 and total PCBs (inferred Aroclor 1260) were 
carried forward to Tier 2 Source and Pathway Identification. 

Potential COI Identification and Tier 1 – SLV Comparison 

Total PCBs (as aroclors) were detected in the RP source area.  PCB congeners were not analyzed for 
in the source area dataset.  Total PCBs and five PCB congeners were carried forward to Pathway 
Priority Evaluation.   

Tier 2 – Source and Pathway Identification  

There are non-RP sources of these COIs to this pathway.  As described in Section 3.2 and Section 
8.9, non-RP sources of PCBs contributing to the Bank Erosion and immediately surrounding area 
include many industrial properties upstream and in the vicinity of the RP property including but not 
limited to Arkema, McCormick and Baxter, Gasco, and NL/Gould sites, as well as contribution from 
those that operated industrial boilers in the vicinity, municipal and private stormwater discharges that 
include urban runoff from the Tualatin Mountains and Highway 30, and those that contributed to the 
City Outfall 22B, City Outfall 22C, and HDD pathways.   
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PCB 189 was assigned a low priority because it was screened out in the Tier 1 SLV Comparison.  
Total PCBs met the criteria for a high-priority COI and did not progress to Tier 3 WOE Evaluation.  
PCBs congeners 77, 105, 118, 156/157, and 167 were assigned medium priority as they did not meet 
the criteria for a low or high-priority COI and were carried forward to the WOE evaluation.  

Pathway Priority Evaluation 

Five PCB congeners (PCB 77, 105, 118, 156/157, and 167) were included in the WOE evaluation and 
were evaluated for consideration in a potential SCAA. 

Tier 3 – WOE Evaluation 

The PCB congeners detected in Bank Erosion dataset soils are consistent with the presence of 
Aroclor 1260.  Aroclor 1260 was historically used in a large number of applications, and is commonly 
detected in urban samples.  Aroclor 1260 was detected in 1 out of 60 samples in the RP source area 
dataset (IA/HA/LADD exposure unit soils).  The only samples in the Bank Erosion dataset that contain 
PCBs at concentrations greater than the Portland Harbor sediment background concentration of 0.017 
to 0.026 mg/kg (LWG, 2009), are from Beach-03, collected near the City Outfall 22B discharge 
channel.  The range of total PCB concentrations detected in other samples collected at the beach are 
within the range Portland Harbor sediment background concentrations. 

It is highly unlikely that the RP property is the source of PCBs detected above the SLV in the Bank 
Erosion dataset.  Elevated total PCB concentrations near City Outfall 22B are likely attributed to 
background contribution from urban and industrial stormwater, not the RP property.  Differences in the 
concentrations and distributions of PCBs present in the City Outfall 22B storm sewer system indicate 
that the PCBs originate from multiple sources related to urban background, as well as localized 
activities or conditions.  Historical RP operations are not a source of PCBs to the City Outfall 22B 
system. 

The PCB congeners in the Bank Erosion dataset are assigned a low priority for the RP SCE because 
there is only a single detection of the associated PCB aroclor at the RP property.  Aroclor 1260 was 
historically used in a large number of applications and it is commonly detected in urban samples.  In 
strict accordance with the DEQ-approved screening process, these PCB congeners are being carried 
forward as medium-priority COPCs for consideration in a potential SCAA related to bank erosion. 

16.10.3.6 Petroleum Hydrocarbons 

No petroleum hydrocarbons were carried forward to a potential SCAA based on measured 
concentrations.  The nature and extent and fate and transport of petroleum hydrocarbons at the RP 
property and vicinity were discussed in Section 8.11.   
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TPH detections at the RP property vicinity (i.e., detections of material with a chromatographic pattern 
corresponding to that of a petroleum hydrocarbon product) are found in isolated locations close to 
likely source areas.  The distribution of TPH is more limited than is suggested by the TPH datasets 
because the TPH analytical method cannot discriminate between petroleum hydrocarbons and other 
chemicals whose boiling points fall within a petroleum product’s range.  All volatile and semivolatile 
organic chemicals will be detected by the nonselective detector used in analytical methods for TPH.  
Non-petroleum compounds, if present, contribute to the amount of material measured and cause 
either the TPH result to be biased high or TPH to be reported when petroleum hydrocarbons are not 
present at all. 

Two petroleum hydrocarbons (diesel-range and residual-range hydrocarbons) were detected in the 
Bank Erosion dataset.  These potential COIs do not have a DEQ-directed SLV or appropriate 
surrogate (Table J-2 in Appendix J).  Therefore, no petroleum hydrocarbons were carried through the 
screening process.  

COI Identification and Tier 1 – SLV Comparison 

No Tier 2 Source and Pathway Identification for petroleum hydrocarbons was completed because no 
petroleum hydrocarbons progressed from Tier 1 SLV Comparison. 

Tier 2 – Source and Pathway Identification 

Priority was not evaluated because no petroleum hydrocarbons passed from the Tier 1 SLV 
Comparison. 

Pathway Priority Evaluation 

No WOE evaluation for petroleum hydrocarbons was conducted as no petroleum hydrocarbons 
progressed from Tier 1 SLV Comparison. 

Tier 3 - WOE Evaluation 

16.10.3.7 Inorganics 

One inorganic (molybdenum) was carried forward as a medium-priority COPC to a potential SCAA.  
No inorganics were retained for the RP SCE.  The nature and extent and fate and transport of 
inorganics at the RP property and vicinity were discussed in Section 8.12. 

The distribution of inorganic constituents in environmental media at the RP property and vicinity is 
widespread, as expected given the natural and anthropogenic sources of inorganics in the 
environment.  River sediments and local soils are documented to contain native concentrations of a 
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number of metals that are present in environmental media at the RP property and vicinity.  There is no 
discernible pattern or concentration gradient of inorganics in upland soil or groundwater that suggests 
the presence of a coherent plume that originates in, and moves away from, any particular source 
area.  Although areas of higher concentration are evident in the data, these apparent sources are 
surrounded by multiple data points with lower or nondetectable concentrations of the same element.   

The general distribution of inorganics is consistent with the natural and human history of the former 
Doane Lake area.  In particular, on the south side of the BNSF railroad tracks, former Doane Lake 
was filled with material from a variety of sources, including soil from various sources and potential 
dredged material from the River, foundry sands from ESCO, baghouse dust and other metal-bearing 
wastes from NL/Gould and predecessors, and limited amounts of construction debris.  On the north 
side of the BNSF railroad tracks, a variety of MGP-derived wastes, along with dredged material from 
the River, were used as part of wetland filling across what is now the Siltronic Site.  These fill 
materials contribute metals to environmental media in the RP property vicinity, including the 
Riverbank, and are important sources of inorganics to the soil, groundwater, and surface water 
system. 

The subsequent paragraphs describe the results from each step in the SCE screening process.   

Twenty-five inorganic constituents were detected in the Bank Erosion dataset (Table J-13 in Appendix 
J).  Fifteen of the twenty-five inorganic constituents had concentrations that were greater than their 
respective SLVs, and were carried forward to Tier 2 in the screening process.   

Potential COI Identification and Tier 1 – SLV Comparison 

The fiftee15n inorganics in the Bank Erosion dataset that passed through to Tier 2 screening were 
detected in RP source areas, and were evaluated for potential COI priority.   

Tier 2 – Source and Pathway Identification  

There are non-RP sources of these COIs to this pathway.  As described in Section 3.2 and Section 
8.12, non-RP sources of inorganics contributing to the Bank Erosion and immediately surrounding 
area include: disposal of battery casings, battery acid, and secondary lead smelter residuals on the 
NL/Gould property, disposal of MGP waste on the BNSF and Siltronic sites, disposal of foundry sand 
in former Doane Lake by ESCO, historical auto fluff processing, acetylene manufacture, and other 
operations on Schnitzer/Air Liquide Site, historical disposal activities by Arkema on its site, and 
placement of potential River dredge spoils containing wastes from the McCormick & Baxter Site, 
which were used for fill in former Doane Lake, Arkema, Siltronic, and BNSF sites. 
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Ten of the 25 inorganics detected in the Bank Erosion dataset were assigned a low priority because 
they screened out in Tier 1 SLV Comparison.  Eight of the twenty-five inorganics were assigned a low 
priority because they did not exceed their SLV by more than a factor of 10.  The remaining seven 
inorganics were assigned medium priority because they did not meet the criteria for a low or high-
priority COI and were carried forward to the WOE evaluation. 

Pathway Priority Evaluation 

One of the seven inorganics, selenium, was detected at concentrations less than its background level 
and is, therefore, assigned a low priority for the RP SCE.  The remaining six inorganics (aluminum, 
boron, cadmium, iron, molybdenum, and zinc) either exceeded the applicable DEQ soil background 
value or did not have a DEQ soil background value available, and were further evaluated in the Tier 3 
WOE evaluation.  These six inorganics are evaluated individually below. 

Tier 3 – WOE Evaluation 

Aluminum: Aluminum was assigned a low priority for the RP SCE.  Aluminum is present at percent 
(%) levels in native soils and River sediments.  The maximum concentration of aluminum in the Bank 
Erosion dataset is 11,900 mg/kg.  This is less than the reported range in River bed sediments of 
59,000 to 85,000 mg/kg (Harrison et al., 1997).  It is also less than the ranges reported in three more 
recent studies from specific areas within the Willamette and Umpqua River basins, including the 
Tualatin River basin (65,000 to 78,000 mg/kg; Bonn, 1999); the Salem area (72,000 to 100,000 
mg/kg; Tanner, 2002), and the South Umpqua River basin (68,000 to 94,000 mg/kg; Hinkle, 1999).  
Source control for aluminum at the Riverbank is not necessary, as levels are consistent with 
background.   

Boron:  Boron was assigned a low priority for the RP SCE.  Boron is present in River sediments at 
concentrations from less than 20 to 700 mg/kg (Rickert et al., 1977).  The maximum boron 
concentration in the Bank Erosion dataset is 7.30 mg/kg (estimated).  Source control for boron at the 
Riverbank is not necessary, as levels are consistent with background. 

Cadmium:  Cadmium was assigned a low priority for the RP SCE.  Cadmium is present in Willamette 
River bed sediments at concentrations ranging from 0.3 to 3.1 mg/kg (Harrison et al., 1997).  
Cadmium concentrations in bank erosion soil range from approximately 0.13 to 1.44 mg/kg, and are 
within the range of regional background levels.  Source control for cadmium at the Riverbank is not 
necessary, as levels are consistent with background. 

Iron:  Iron was assigned a low priority for the RP SCE.  Iron is present at percent (%) levels in native 
soils and River sediments.  The maximum iron concentrations in the Bank Erosion soil dataset is 
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50,500 mg/kg.  This is within the range of iron concentrations in Willamette River bed sediments of 
37,000 to 77,000 mg/kg (Harrison et al., 1997).  It is also consistent with the ranges reported in three 
more recent studies from specific areas within the Willamette and Umpqua River basins, including the 
Tualatin River basin (40,000 to 85,000 mg/kg; Bonn, 1999), the Salem area (50,000 to 92,000 mg/kg; 
Tanner, 2002), and the South Umpqua River basin (43,000 to 66,000 mg/kg; Hinkle, 1999).  Source 
control for iron at the Riverbank is not necessary, as levels are consistent with background. 

Molybdenum: Molybdenum was assigned a low priority for the RP SCE.  Molybdenum is present in 
Willamette River and Umpqua River bed sediments at 3 mg/kg or less (Harrison et al., 1997; Bonn, 
1999; Hinkle, 1999; Tanner, 2002).  Molybdenum was detected at concentrations consistent with 
regional background levels in the sample from Beach-01, near City Outfall 22C.  Molybdenum was 
detected at concentrations exceeding regional background levels in the sample from Beach-03, near 
City Outfall 22B (23.7 to 56 mg/kg).  Molybdenum concentrations in upland soil exceed the regional 
background level at multiple shallow locations in the HDD (typically less than 2 feet).  Molybdenum 
concentrations on other properties within the RP property vicinity, including the RP property, are 
consistent with background levels.  Molybdenum is assigned a low priority for the RP SCE because 
there is not a complete pathway, since there is not a source of molybdenum at the RP property.  The 
source of the molybdenum at the riverbank is likely from the River, based on the distribution of 
molybdenum in surrounding soils.  In strict accordance with the DEQ-approved screening process, 
this COPC is being carried forward as medium-priority COPC for consideration in a potential SCAA 
related to . 

Zinc: Zinc was assigned a low priority for the RP SCE.  Zinc is present in River bed sediments at 
concentrations ranging from 97 to 840 mg/kg (Harrison et al., 1997).  Zinc concentrations in bank 
erosion soil range from approximately 98 to 350 mg/kg, and are within the range of regional 
background levels.  Source control for zinc at the Riverbank is not necessary, as levels area 
consistent with background. 

16.10.4 Bank Erosion Pathway Priority 
The potential COIs retained as COPCs for the multi-source Bank Erosion pathway are provided on 
Table 16-H.  The number of COPCs per constituent class is summarized below: 

● Seven SVOCS (benzo[a]anthracene, benzo[a]pyrene, benzo[k]fluoranthene, benzyl 
alcohol, chrysene, indeno[1,2,3-cd]pyrene, and pyrene) were retained as medium-priority 
COPCs; 

● Eleven OCIs (2,4’-DDD, 2,4’-DDE, 2,4’-DDT, 4,4’-DDD, 4,4’-DDE, 4,4’-DDT, aldrin, alpha-
chlordane, cis-nonachlor, gamma-chlordane, and trans-nonachlor) were retained as 
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medium-priority COPCs and three OCIs (dieldrin, total chlordane, and total DDx) were 
retained as high-priority COPCs; 

● Two PCDDs/PCDFs (2,3,4,7,8-PeCDF and TCDD) were retained as high-priority COPCs, 
and 11 PCDDs/PCDFs (1,2,3,4,6,7,8-HpCDD, 1,2,3,4,7,8-HxCDD, 1,2,3,4,7,8-HxCDF, 
1,2,3,6,7,8-HxCDD, 1,2,3,6,7,8-HxCDF,1,2,3,7,8,9-HxCDD, 1,2,3,7,8,9-HxCDF, 1,2,3,7,8-
PeCDD, 1,2,3,7,8-PeCDF, 2,3,4,6,7,8-HxCDF, and 2,3,7,8-TCDF) were retained as 
medium-priority COPCs; 

● Five PCB congeners (PCB 105, PCB 118, PCB 156/157, PCB 167, and PCB 77) was 
retained as medium-priority COPCs and total PCBs from congeners (inferred Aroclor 1260) 
was retained as a high-priority COPC; and 

● One inorganic (molybdenum) was retained as a medium-priority COPC. 

Bank Erosion is a medium priority pathway because of the presence of SVOCs, OCIs, and 
PCDDs/PCDFs. and may require a potential SCAA by parties other than StarLink.  Bank Erosion is a 
low priority pathway for the RP SCE because: 

● There is a limited number of high-priority COPCs that are solely related to an RP source 
area.  These are dieldrin, total chlordane, and 2,3,7,8-TCDD.  The total DDx found at the 
Riverbank may come in part from an RP source area, but the Arkema Site is a more 
proximate source of DDx at the riverbank.  The RP property is not the source of SVOCs, 
total PCBs, or inorganic constituents. 

● The extent of the high-priority COPCs in riverbank soils related to RP source areas is 
limited to the area immediately around the discharge point of City Outfall 22B and the 
HDD.  Sediment input to City Outfall 22B was substantially reduced and will be reduced 
further upon completion of the Expanded City Outfall 22B IRAM (Section 5.3).  There is no 
outflow from the HDD to the River.  Only under extreme flood conditions of the River, 
would the HDD flood and potentially carry sediments away from the HDD (Section 16.9).  

A potential SCAA for the Bank Erosion pathway would cover the entire bank area along Arkema Tract 
A and BNSF sites.  A potential SCAA should be completed by others because the extent of the area 
where constituents potentially related to RP exceed JSCS SLVs is limited to the area immediately 
surrounding the City Outfall 22B discharge point.  Source control for this pathway needs to consider 
the extent of COPCs related to other parties, such as Arkema, that are located immediately adjacent 
to the beach area and the extent of constituents immediately upgradient of the beach area 
investigated by this RI/SCE. 

17.0 CONCLUSIONS 

The RI identifies and characterizes sources of constituents on the RP property and determines the 
nature and extent, and distribution, fate, and transport of the constituents in environmental media.  
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The SCE identifies and evaluates potential sources of constituents to the River pursuant to the JSCS 
document.  The SCE identifies constituent sources requiring control at or below an upland site prior to 
implementation of an in-water remedy.  The RI and SCE both evaluate constituents and constituent 
transport pathways.  The RI focuses on the current and reasonably possible future constituent 
transport pathways to human and environmental receptors.  The SCE focuses on currently complete 
constituent transport pathways to the River.  A SCAA will screen and select a source control 
alternative for those pathways that are determined to need source control.    

Multiple third party sources have contributed constituents to environmental media that lie within the 
potential transport pathways in the RP RI LOF.  The RI and SCE evaluate and distinguish between 
constituents attributable to the RP property and those attributable to third party sources.  The SCE 
identifies constituents contributed by RP and also those contributed by third parties that may require 
source control prior to implementation of the Portland Harbor Superfund Site ROD.  The party or 
parties responsible for the constituents present in a given pathway should be responsible for 
completing any additional SCE activities as well as the SCAA alternatives for those constituents.   

17.1 REMEDIAL INVESTIGATION CONCLUSIONS 

Numerous investigations were conducted as part of the RP RI.  Thousands of samples from seven 
different environmental media were collected and analyzed for a wide selection of constituents.  Data 
were collected over 30 years from 1981 through January 2010.   

Soil and NAPL.  More than 900 soil samples were collected.  These samples were analyzed for one or 
more of the following constituent classes:  VOCs, SVOCs, metals, herbicides, OCIs, OPIs, 
PCDDs/PCDFs, PCBs (aroclors and congeners), and petroleum hydrocarbons.  The majority of the 
samples were collected from RP property, but soil samples also have been collected from Metro, 
NL/Gould, ESCO, Schnitzer/Air Liquide, Arkema, City of Portland, Siltronic, and BNSF properties.  

Fifteen samples of NAPL were analyzed for one or more of the following constituent classes:  VOCs, 
SVOCs, herbicides, OCIs, OPIs, PCDDs/PCDFs, PCBs, and petroleum hydrocarbons.   

Groundwater.  More than 1,700 groundwater samples were collected from monitoring wells and more 
than 300 additional groundwater samples were collected from temporary borings.  Groundwater 
samples were analyzed for one or more of the following constituent classes:  VOCs, SVOCs, metals, 
herbicides, OCIs, OPIs, PCDDs/PCDFs, PCBs (aroclors and congeners), and petroleum 
hydrocarbons.  Groundwater samples were collected from the RP, Metro, NL/Gould, ESCO, 
Schnitzer/Air Liquide, Willbridge, PGE, Arkema, City of Portland, Siltronic, and BNSF properties. 
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Surface Water.  Eight surface water samples were collected from former WDL and analyzed for one 
or more of the following constituent classes:  VOCs, SVOCs, total metals, herbicides, OCIs, OPIs, and 
PCDDs/PCDFs.   

Thirteen surface water samples were collected from NDL and analyzed for one or more of the 
following constituent classes:  VOCs, SVOCs, total and dissolved metals, herbicides, OCIs, OPIs, 
PCDDs/PCDFs, and petroleum hydrocarbons.   

Six surface water samples were collected from NDP and analyzed for one or more of the following 
constituent classes:  VOCs, SVOCs, total and dissolved metals, herbicides, OCIs, PCDDs/PCDFs, 
and petroleum hydrocarbons.     

Lake Sediments and Pore Water.  Fifty-six sediment samples were collected from former WDL and 
analyzed for one or more of the following constituent classes:  VOCs, SVOCs, metals, herbicides, 
OCIs, OPIs, PCDDs/PCDFs, PCBs (aroclors and congeners), and petroleum hydrocarbons.   

Thirty-one sediment samples were collected from NDL and analyzed for one or more of the following 
constituent classes:  VOCs, SVOCs, metals, herbicides, OCIs, OPIs, PCDDs/PCDFs, PCBs 
(aroclors), and petroleum hydrocarbons.  Four pore water samples were collected and analyzed for 
VOCs and dissolved metals. 

Three sediment samples were collected at NDP and analyzed for one or more of the following 
constituent classes:  VOCs, SVOCs, metals, herbicides, OCIs, PCDDs/PCDFs, and petroleum 
hydrocarbons.  Two pore water samples were collected from NDP during the RI and analyzed for 
VOCs and dissolved metals. 

Outfall 22B:  Thirty-seven samples of non-stormwater flow were collected from the Outfall 22B storm 
sewer system and analyzed for one or more of the following constituent classes:  VOCs, SVOCs, 
metals, herbicides, OCIs, OPIs, PCDDs/PCDFs, and PCBs (aroclors and congeners).   

Stormwater/Non-Stormwater 

Outfall 22C:  The one stormwater sample collected for the RP RI was of stormwater discharge at City 
Outfall 22C in December 2003.  This sample was collected because RP-like constituents are present 
in NDL sediments and NDL discharges to the City Outfall 22C system.  Four samples of non-
stormwater flow were collected from the City Outfall 22C storm sewer system.  The stormwater and 
non-stormwater samples were analyzed for one or more of the following constituent classes:  VOCs, 
SVOCs, metals, herbicides, OCIs, PCDDs/PCDFs, and PCBs (congeners).   
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Biota.  Biota sampling was conducted at NDL in 2006.  More than 3,200 fish, primarily very small adult 
sunfish that were stunted from overpopulation, were captured during sampling.  Two adult American 
bullfrogs and 13 bullfrog tadpoles were inadvertently captured in fish collection devices and also 
analyzed.  Eighteen single species composite samples of biota were analyzed for SVOCs, total 
metals, OCIs, PCDDs/PCDFs, and PCBs (congeners).   

17.1.1 Data Quality 
The RI data set includes all data in the RP project database from 1981 through January 2010, with a 
few exceptions.  Although the RI uses data from as far back as 1981, the use of older data is 
problematic because samples were collected using a variety of techniques and analyzed using 
multiple analytical methods that have evolved over that time.   

Both database and analytical quality issues were identified during development of the RI/SCE Report.   

Database problems included: 

1.  Incorrect data entry from early investigations (e.g., incorrect results, units, or sample 
identifiers relative to the associated laboratory or consultant reports); 

2.  Unvalidated data with analytical problems (e.g., results that should have been rejected or 
qualified based on laboratory quality control criteria, but did not undergo data validation); 

3.  Inaccurate survey data (e.g., soil samples with coordinates that plot on the wrong 
property);  

4.  Incomplete or missing data (e.g., no depth provided for a soil sample); and 

5.  Misreported analytical results. 

Database issues were corrected when possible.  However, it is likely that data problems remain 
because much of the older data was not validated, and the results in the database cannot be verified 
by comparison to original laboratory reports.  Emphasis was placed on checking or correcting data 
that could significantly affect conclusions regarding the nature and extent of constituents.   

Sampling and analytical methods have evolved over the course of the RI in attempts to achieve lower 
detection limits and more reliable, accurate results.  A significant problem is the use of analytical 
methods that are prone to produce false positive or high-biased results, especially when attempting to 
analyze low concentrations.  These are of particular importance for OCI, PCDD/PCDF, and metal data 
in the RP property vicinity.  For example:  
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● Groundwater samples for metal analyses prior to the early 2000s were not collected using 
minimal drawdown (low-flow) sampling techniques and are likely extremely high-biased 
results due to entrainment of formation materials given the composition of geologic 
materials in the area.  This explains why most of the highest detections of metals were 
found in the early samples.  Later samples collected in the same vicinity after 
implementation of minimal drawdown sampling procedures were significantly lower. 

● Groundwater samples collected prior to 2007 were analyzed for OCIs by the standard EPA 
method (8080/8081/8081A/8081B, depending on year) technique using GC/ECD.  
Samples collected since 2007 were analyzed by GC/  HRMS or GC/MS/MS, which are 
more advanced techniques offering better detection limits and increased selectivity than 
GC/ECD.  Standard GC/ECD and Low Level GC/ECD do not offer sufficiently low detection 
limits to be useful in comparison to JSCS SLVs, and both are subject to false positive 
results.  Ultra Trace Level GC/ECD gives detection limits that can be sufficiently low to be 
usable if interferences are absent, but is also subject to false positive results.  Samples 
collected since 2007 and analyzed by GC/ECD with OCI detections were re-analyzed by 
GC/HRMS or MS/MS when possible, to confirm the reliability of the detections.  Some of 
the low-level OCI detections in the RI data set may be false positive results related to the 
presence of interfering compounds such as PAHs.   

● All standard methods for analysis of PCDDs/PCDFs can result in false positives, although 
some of this potential can be reduced with application of additional QC measures.  
Additional QC practices exceeding the requirements of EPA Method 1613B were 
implemented during 2007 and 2008 to ameliorate the interferences and improve data 
quality.  Implementation of these additional measures lead to a significant reduction in the 
number of low-level detections of PCDDs/PCDFs that were inconsistent with the sources 
and distribution of PCDDs/PCDF at the RP property and vicinity.  Dioxin data collected 
before 2007 is highly uncertain because these samples were not analyzed using these 
expanded QC protocols, the extent of false positive results in the earlier data cannot be 
determined, and the earlier data in some areas is inconsistent with data generated using 
updated QC protocols.   

Data collected by third parties in the RP property vicinity were not subjected to the quality control 
practices implemented by StarLink, are therefore suspect, and cannot be compared to data from the 
RP RI data set.  Samples collected at other sites in the RP property vicinity have frequently been 
analyzed using methods that generate results inadequate for comparison to current regulatory criteria.  
In particular, analysis of samples for OCIs and PCBs at most sites were conducted using GC/ECD 
techniques that generate detection limits orders of magnitude higher than JSCS SLVs. 

17.1.2 CSM 
Constituent distribution from the RP property and vicinity follows a predictable pattern through the 
sediment sequence and bedrock, depending on source location, position within the groundwater flow 
system (from recharge area to discharge area), and constituent properties. 
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Surface water features at the RP property and vicinity include one lake, several small streams, and 
the River.  These features accept and convey surface water across the RP property and vicinity and 
influence shallow groundwater.  Precipitation at the RP property either infiltrates or is captured by the 
storm sewer system.  Water captured by the storm sewer system is treated by the WTP.  Historically, 
surface runoff at the RP property either infiltrated or flowed through a ditch to Doane Lake and later 
WDL.  By 1980, outflow from WDL was eliminated.  

The geology beneath the RP vicinity from the surface downward includes the Artificial Fill, Fine-
Grained Alluvium, Alluvial-Colluvial Gravel, and CRBG.  Recharge to units in which groundwater flow 
systems develop occurs primarily from the Tualatin Mountains and downward infiltration from 
overlying units.  Groundwater discharge occurs at the River or as regional outflow through the deeper 
CRBG.  

The groundwater system is unconfined with no significant horizontally extensive features (such as 
clay layers) that separate the overall vertical sequence of sediments into unconfined and confined 
systems.  Vertical gradients, water elevations, and lack of strong contrast in hydraulic conductivity 
between units indicate vertical movement between units.  The direction of vertical flow is dependent 
on the location within the flow system.  There is no evidence that vertical upward groundwater 
movement occurs from the Fine-Grained Alluvium to the Artificial Fill.  

Mean hydraulic conductivities of the four stratigraphic units are within one order of magnitude of each 
other.  Groundwater velocities range from 0 to 87.5 feet/year.  Groundwater flow directions are 
generally to the north and northeast, and then subparallel to the River in the vicinity of the River.  As 
groundwater flow encounters a buried bedrock ridge, it is diverted to the north around the highest 
portion of the ridge.   

Groundwater discharge to the River is primarily through the Alluvial-Colluvial Gravel and the upper 
portions of the CRBG.  Discharge from the Fine-Grained Alluvium and the Artificial Fill is limited due to 
slow groundwater velocities and the limited saturated extent of Artificial Fill.   

17.1.3 COI Distribution, Transport, and Screening Conclusions 
The nature and extent, and fate and transport of constituents found in the RP property vicinity were 
evaluated by constituent and pathway.  Constituent source areas were identified through sampling 
results, historical documentation, transport processes described in the CSM, and to some extent other 
investigations completed in the area.  The results of this evaluation were used to assess the need for 
source control at the RP property or potentially at other properties prior to the Portland Harbor in-river 
remedy. 
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Numerous tools were used to evaluate both the physical and chemical conditions at the RP property 
and vicinity.  More than 10,000 pages of tables and data plots are contained primarily in Appendices 
C, E, F, H, and J.   

The location of the RP property away from the River resulted in the overlap and commingling of 
constituents from RP and others within the RP vicinity.  The overlap of these constituents is caused by 
a number of factors including the following: 

● The use of the same stormwater disposal or collection.  For example, Doane Lake 
received storm water and waste from several properties including RP, NL/Gould, ESCO, 
BNSF, and Schnitzer/Air Liquide.   

● The filling of Doane Lake by various parties including NL/Gould, ESCO, BNSF, and 
Schnitzer/Air Liquide. 

● Transport processes that changed over time; for example, surface water flow. 

● The location of source areas and merging of transport pathways; for example, surface 
water from Doane Creek enters the City Outfall 22C storm sewer system and commingles 
with surface water from NDL.  

The separation of the RP property from the River necessitated a much broader investigation across a 
much larger area than many of the investigations completed by nearby and riverfront properties where 
constituents at high concentrations near the River often discharged directly to the River.  This 
separation also means that the RP property is upgradient to many properties.  Most constituents 
found at the River are not primarily a result of activities at the RP property.  By understanding the 
physical and chemical conditions in the area it was possible to differentiate RP constituents from 
others.  It also uncovered the importance of attenuation of RP constituents between the RP property 
and the River.    

Environmental investigations by riverfront property owners are limited in lateral and vertical extent or 
analytes and may not have occurred in areas away from the River that are impacted.  This is 
important because some non-RP sources are not readily identified through the RP data set but they 
are considered in the evaluation of the nature and extent of COIs. 

Both physical and chemical processes define how constituents migrate from source areas.  Physical 
characteristics control the movement of constituents, such as the migration of dissolved-phase 
constituents in groundwater.  The foundation of the transport evaluation is an understanding of the 
physical setting and characteristics of the various media in the RP property vicinity, such as the type 
of soils and geologic formations, surface water flow, the hydraulic properties of the materials, and the 
movement of water into and out of the subsurface.  
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Surface water and groundwater flow in the RP vicinity is controlled by surface topography: the 
Tualatin Mountains to the west and the Willamette and Columbia rivers towards the north.  Surface 
drainages flow from the mountains, depositing sediment along the valley edges.  Groundwater is 
recharged in these areas and from infiltration in the mountains.  Groundwater flow systems develop in 
predictable patterns from the mountains and beneath the Willamette/Columbia River Valleys.  These 
patterns are described in the CSM for the site.  When constituent movement is understood within 
these groundwater flow systems, constituent sources and movement are also understood.  The 
hydraulic characteristics in the vicinity of the RP property are influenced by the Willamette and 
Columbia River water levels, the low gradients of these rivers, sediment deposition within the 
Willamette River, the nature and type of bedrock in the watershed, bedrock topography, and the 
structural geology of the vicinity including faulting.   

The distribution of constituents in environmental media is used as empirical evidence to support an 
understanding of the fate and transport of constituents in the environment.  Constituents at the RP 
and vicinity properties behave differently in environmental media.  For example, hydrophobic 
compounds such as PCBs and PCDDs/PCDFs have high particle affinity and largely are not 
transported from source areas, while other constituents such as volatile compounds are less likely to 
be associated with particles and may be transported from source areas in groundwater.  Chemical 
characteristics also provide information on the potential mass of material remaining and longevity of 
COIs in environmental media.  The chemical and physical characteristics of each COI, in combination 
with the characteristics of the environmental media in which they are detected, control the fate and 
transport of COIs in the environment.   

The RP property differs from most of the upland sites associated with the Portland Harbor Superfund 
Site because it is a significant distance from the River.  The former formulating and manufacturing 
area of the facility, referred to as the plant area, is located approximately 2,000 feet away from the 
River.  This separation from the River provides a substantial distance along constituent migration 
pathways for physical and chemical processes to occur, allowing sorption, degradation, and other 
attenuation processes to reduce or eliminate constituent concentrations during transport, and 
potentially inhibiting constituents from reaching downstream or downgradient media. 

The ability of natural attenuation processes to limit or eliminate transport of constituents present in 
environmental media at the RP property vicinity, and to ultimately reduce the concentrations of many 
of those constituents to concentrations below levels of potential concern, is well documented in the 
literature.  RP property and vicinity geochemical and historical soil and groundwater chemistry data 
indicate that natural attenuation, including natural biodegradation of organic constituents and 
sequestration of non-volatile organics within iron/manganese precipitates is occurring.  These 
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processes represent an important control on fate and distribution of organic constituents in 
groundwater and surface water.  Some specific evidence of natural attenuation processes in the RP 
property vicinity includes: 

1.  Chlorinated phenols and chlorophenoxy acetic acid herbicides in groundwater attenuate 
within a short distance from source areas, consistent with the known high level of 
biodegradability of these constituents; 

2.  Trichloroethene is degraded to vinyl chloride in the former Doane Lake area, with no 
evidence of increasing concentrations of cis-1,2-dichloroethene, consistent with 
anaerobic biodegradation of chlorinated ethenes; 

3.  PCDDs/PCDFs in groundwater that are related to RP source areas are generally 
confined to the immediate vicinity of those source areas, consistent with sequestration of 
the PCDDs/PCDFs through adsorption to organic matter and precipitated 
iron/manganese solids; and 

4.  Areas in groundwater where metals are detected at higher concentrations are spatially 
isolated, with no clear concentration gradient away from the higher concentration area, 
and no identifiable pattern in the overall distribution of the individual elements, consistent 
with conditions where formation of iron/manganese precipitates control transport of the 
metals. 

It is likely that natural attenuation of other constituents and constituent classes is also occurring in 
groundwater in the RP property vicinity, and these processes will be evaluated as part of any future 
feasibility study or remedial design activities for those constituents for which historical RP operations 
are primarily responsible. 

17.2 SOURCE AREAS, EXTENT, AND TRANSPORT OF COIS 

RP source areas include the HA, IA, LADD, and NAPL area primarily contained within northern LADD, 
the HA, and the southern end of former Doane Lake.  Within these areas, some specific sources are 
identified through historical documentation and investigation results.  Distribution of constituents within 
these areas is consistent with plant activities in the HA and IA and the discharge of process waste 
water along the LADD toward former WDL.  NAPL has been observed in only limited locations at and 
near the RP property.  The NAPL area has not changed significantly since investigations began in the 
early 1980s, indicating it is primarily residual and stable.  Constituent composition in NAPL affected 
soils is heterogeneous and a strong indication that it is not from a single source.  These compositional 
differences indicate that movement is limited.   

Many areas of the RP property vicinity are either multi-party source areas where releases occurred 
over a long period of time (former Doane Lake), or include source areas on other properties including 
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Arkema, NL/Gould, ESCO, Gasco, Siltronic, Schnitzer/Air Liquide, GS Roofing, and Kinder 
Morgan/Willbridge sites.  The broad investigations conducted as part of the RP RI identified specific 
property sources and multi-party sources.  The nature and extent of constituents are described below 
regardless of source.   

17.2.1 VOCs 
The RP source areas for VOCs are located in the vicinity of known tank farms, waste management 
areas, and manufacturing operations in the HA and in areas where NAPL is known to be present.  
Benzene is found in isolated areas in both the HA and IA.  VOCs historically used in formulation and 
manufacturing operations, include 1,2-dichlorobenzene, benzene, acetone, methylene chloride 
(dichloromethane), toluene, xylenes, trichloroethene, tetrachloroethene, and isobutyl alcohol.   

Other sources of VOCs in the RP property vicinity include DDT manufacturing and other processes at 
the Arkema facility (e.g., chlorobenzene, trichloroethene, and tetrachloroethene), historical MGP 
waste disposal at the Gasco and Siltronic properties (e.g., BTEX), the trichloroethene releases at the 
Siltronic manufacturing facility, the Kinder Morgan/Santa Fe Pacific Pipeline facility (e.g., BTEX), 
runoff from Highway 30 (e.g., BTEX and MTBE), and the general industrial use of VOCs as solvents, 
in fuels, and in chemical manufacturing. 

VOCs were generally detected in soils only in the near vicinity of source areas, consistent with the low 
persistence of this constituent class in soils.  Low concentrations of certain VOCs were detected in 
soils in a few locations not located immediately near source areas, but VOCs were present in soil at 
concentrations greater than their respective RSLs only in these source areas. 

VOCs were historically detected in surface water and sediments from former WDL prior to the WDL 
interim remedial action.  Chlorinated benzenes have also been detected in sediment samples from 
NDL, as well as naphthalene and several alkyl-benzenes related to MGP wastes present in and near 
NDL.  Low concentrations of various VOCs that appear related to multiple sources have been 
detected in surface water from NDL, and in stormwater and non-stormwater from Outfall 22B and 
Outfall 22C. 

The distribution of VOCs in groundwater related to the RP source areas is controlled by subsurface 
conditions and associated groundwater flow, and is consistent with the hydrogeological CSM.  VOCs 
in groundwater migrate to the north and northeast from the northern half of the HA and NAPL area.  
Where present, VOCs follow bedrock topography along the buried side channel and around the 
bedrock ridge.  VOCs in groundwater migrate primarily to the northeast from the southern portion of 
the HA and in the IA , following a flow path that is more perpendicular to the River and where bedrock 
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topography  has less influence on groundwater flow.  All VOCs associated with RP source areas 
occur within the areas where 1,2-dichlorobenzene and vinyl chloride are detected.  Collectively, these 
two COIs define the extent of RP-related COIs in groundwater. 

Chlorinated benzenes were detected continuously in groundwater between the RP source areas and 
the River.  Concentrations did not exceed the SCE SLVs by more than a factor of 100 at the 
Riverbank during the most recent groundwater sampling events (except for 1,4-dichlorobenzene 
which has a very low SLV).  The distribution of halogenated alkenes and alkanes in groundwater is 
similar to the distribution of chlorinated benzenes, but concentrations of halogenated alkenes and 
alkanes are typically much lower than concentrations of chlorinated benzenes.  Halogenated alkene 
and alkane concentrations in groundwater discharging to the River in the RP property vicinity are at or 
below 10 times the SCE SLVs with the exception of vinyl chloride, which has a very low SLV of 1.6E-
05 mg/L.  Benzene and alkyl benzenes have a similar distribution to other VOCs with some significant 
exceptions because multiple source areas exist.  Although these constituents were used in historical 
RP plant area operations, documented releases have occurred at the Jinkz service station located 
across NW St. Helens Road (Highway 30) from the RP property, on the Siltronic property from MGP 
wastes disposed by Gasco, and at the Kinder Morgan/Willbridge property.  Benzene and alkyl 
benzenes were detected in groundwater downgradient of the RP property but were not detected in 
groundwater samples from Riverbank wells.  Other VOC detections at properties in the RP property 
vicinity were sporadic and isolated, and do not represent a clear area of continuous detections 
between the RP property and the River.  Acetone and carbon disulfide were the only other VOCs 
detected in groundwater samples from Riverbank wells and were below SLVs. 

The distribution of VOCs related to historical RP operations provides evidence that natural attenuation 
processes are occurring and causing decreases in VOC concentrations in groundwater.  The specific 
environmental fate processes vary among the different types of VOCs, but the data indicate some 
degradation for each VOC subgroup, such as decreases in parent constituent concentrations and the 
presence of associated biodegradation progeny.  In some locations the data show the absence of 
both parent and progeny where biodegradation may have completed its full cycle.   

17.2.2 SVOCs 
The only SVOCs used in historical manufacturing or formulation operations at the RP property were 
phenol and chlorinated phenols.  Other potential sources of SVOCs in the RP source areas are fuel 
storage, handling and use, and vehicle maintenance activities.  RP SVOC source areas are located in 
the HA and in the NAPL area.   
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SVOCs at the RP property have a distinct distribution different from releases of SVOCs at vicinity 
properties.  RP SVOCs do not overlap with PAHs related to MGP wastes on Siltronic property or with 
releases on surrounding properties.   

The predominant source of SVOCs in the RP property vicinity is MGP waste associated with former 
Gasco operations and waste disposal practices on the Siltronic and BNSF properties.  Additional 
SVOC sources in the vicinity include fill material historically placed in areas of former Doane Lake; 
River dredge spoils used as fill at the Siltronic and Arkema properties; runoff from Highway 30 and 
BNSF railroad tracks; operations at the Metro Transfer Station; former operations at the Koppers, 
NL/Gould, Kinder Morgan/Willbridge, Schnitzer, and McCormick and Baxter properties; use of 
herbicides such 2,4-D and 2,4,5-T that can degrade to form 2,4-dichlorophenol; and presence of 
PAHs in fuels. 

SVOC distribution related to the RP source areas is consistent with the hydrogeological CSM.  The 
area of continuous chlorinated phenol impacts to soil and groundwater is localized in the HA near 
areas where they were historically manufactured and handled, and slightly downgradient in the 
southern area of former Doane Lake.  Chlorinated phenol detections in samples collected 
downgradient of the RP property boundary are sporadic, low-level, and often one-time events.  No 
chlorinated phenols were detected in any of the Riverbank wells in any of the geologic units.   

In general, the distribution of all RP source related SVOCs are within the areas where 2,4-
dichlorophenol and 2,4,6-dichlorophenol are detected.  Collectively, these two COIs define the extent 
of RP-related SVOCs in groundwater.  The distribution of these SVOCs provide evidence that natural 
attenuation processes are occurring and reducing SVOC concentrations in groundwater.  This 
evidence includes a rapid decrease in chlorinated phenol concentrations with distance from the HA as 
well as a decrease in concentrations within the HA over time. 

SVOCs related to a variety of sources were detected in former WDL sediments and surface water 
prior to completion of the WDL IRAM.  SVOCs detected in NDL sediment and surface water, as well 
as in Doane Creek and NDP surface water and sediment and Outfall 22C stormwater and non-
stormwater, were primarily PAHs associated with MGP wastes located in or near NDL.  None of the 
chlorinated phenols associated with RP operations were detected in environmental media in NDL, 
Doane Creek, NDP or Outfall 22C. 

Shallow groundwater in the vicinity of the City Outfall 22B storm sewer contains COIs from multiple 
sources.  Sources of sediment to City Outfall 22B include overland flow not related to the RP property, 
because there is no overland flow from RP sources to the City Outfall 22B storm sewer system.  A 
variety of SVOCs have been detected in stormwater and non-stormwater flow in the Outfall 22B 
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system, including PAHs from multiple sources and chlorinated phenols related to RP operations.  
Groundwater infiltration that is the likely source of chlorinated phenols to Outfall 22B is being 
eliminated as part of the Outfall 22B IRAM, but PAHs and certain other SVOCs, none of which are 
related to RP operations, are expected to continue to enter the Outfall 22B system in precipitation and 
stormwater runoff. 

17.2.3 Chlorinated Herbicides 
A limited set of herbicides was manufactured, packaged, or formulated at the RP facility (Section 2, 
Tables 2-B and 2-C).  Manufacturing was discontinued by 1982 with the exception of bromoxynil, 
which was discontinued in 1990.  The primary herbicides manufactured included 2,4-D, Silvex, 2,4,5-
T, bromoxynil, dichlorprop, MCPA, and MCPP.  Some herbicide components were also packaged at 
the facility for shipment to other manufacturers (including the US Army).  2,4,5-T was only 
manufactured for a limited time between 1960 and 1962.  “Agent Orange” was not manufactured at 
the facility although IOET, a component of Agent Orange, was manufactured and sold to a third party.    

Ten herbicides, two of which were not manufactured, formulated, or packaged at RP, were detected in 
the RP property vicinity.  Herbicides detected include 2,4,5-T, Silvex, 2,4-D, 2,4-DB, bromoxynil, 
dalapon, dicamba, dichlorprop, MCPA, and MCPP.  Dalapon and dicamba were not manufactured, 
formulated, or packaged at RP and are likely indicators of herbicide use by multiple parties in the 
vicinity of the RP property.  The distribution and environmental fate of herbicides released to the 
environment at and in the vicinity of the RP property are determined by the source conditions, 
physical setting, and herbicide chemical characteristics. 

In general, herbicides are detected in the HA and near the LADD, but are also detected in various 
media off the RP property and are discontinuous with RP sources.  Transport of herbicides from RP 
source areas is consistent with groundwater flow and other constituent migration pathways within the 
RP property vicinity, as well as the relatively high biodegradation rates associated with most 
herbicides in environmental media.   

Herbicides were detected in the NAPL beneath the northern portion of the HA and the LADD near the 
southern end of former WDL.  Of the herbicides, 2,4-D was detected at the highest concentration in 
the NAPL samples.  Herbicides in soil at the RP property are generally found in localized areas 
consistent with former RP operations, and all detected concentrations are below the EPA 2010 
Industrial Soil RSLs. 

Herbicides were detected in groundwater samples at the RP property and vicinity.  Most herbicides 
were detected in the former RP plant area, and downgradient concentrations decreased significantly 
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toward NW Front Avenue; most herbicides were not detected beyond NW Front Ave.  The exceptions 
are Silvex and dichlorprop.  Dichlorprop was infrequently detected near the Riverbank, and generally 
before 2006.  Silvex was consistently found in groundwater to the Riverbank but all Silvex detections 
downgradient from the HA and LADD area were below EPA 2010 Tap Water RSLs.  The presence of 
only Silvex from the RP property to the Riverbank is consistent with the properties of Silvex.  Silvex 
tends to biodegrade much slower in water than other herbicides and therefore is found downgradient 
of the RP property when other herbicides at similar or higher concentrations in source areas are not 
found downgradient.  

Herbicides within the former Doane Lake or former WDL that were either transported there through 
other pathways or were released to these areas are not a significant source for herbicides in the RP 
property vicinity.  NDL media (sediment, porewater, and surface water) have historically been affected 
by herbicides from RP and other sources and may currently receive herbicides from other sources.  
The pathway from the RP property to NDL is no longer complete.  Herbicides have not been detected 
in NDP sediments or in groundwater from the seep into NDP.   

Herbicides have been detected in non-stormwater within the City Outfall 22B storm sewer system at 
concentrations fairly consistent with shallow groundwater, suggesting a historically complete pathway 
for herbicides from shallow groundwater to City Outfall 22B non-stormwater to the River.  Shallow 
groundwater in the vicinity of the City Outfall 22B storm sewer is subject to multiple sources, as 
strongly suggested by detections of herbicides in City Outfall 22B cleanout sediment.  Herbicides 
detected at City Outfall 22C are very limited and not related to RP sources.   

Herbicides detected in soil samples from the HDD and its immediate vicinity could have historically 
migrated from the multi-source former Doane Lake to the HDD.  However, the low concentrations and 
sporadic occurrences do not suggest that herbicides in HDD soil are or have historically been a 
source of herbicides to groundwater or to the River.  Herbicides have not been detected in Riverbank 
or beach area soils in the vicinity of potential constituent migration pathways from the RP property 
(e.g., City Outfall 22B or HDD). 

17.2.4 OCIs 
OCIs detected in the RP RI data set were DDx, BHCs, endosulfans, aldrin, dieldrin, endrins, 
chlordane, hexachlorobenzene, hexachlorobutadiene, toxaphene, mirex, and perthane.  OCIs were 
divided into four subgroups of structurally related compounds for this report:  1) DDx compounds (e.g. 
4,4’-DDD, 4,4’-DDE, and 4,4’-DDT); 2) BHCs and endosulfans (e.g. alpha-BHC, gamma-BHC 
(lindane), and endosulfan I and II); 3) chlorinated hydrocarbon insecticides (e.g. aldrin, dieldrin, and 
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chlordane); and 4) other OCIs detected in the RP RI data set (e.g., toxaphene, hexachlorobutadiene, 
mirex, and hexachlorobenzene).   

OCIs were formulated in the IA from 1945 until 1969 and included aldrin, BHCs, chlordane, DDx, 
dieldrin, endosulfans, endrin, heptachlor, hexachlorobenzene, and toxaphene.  RP property source 
areas for OCIs are former operations areas in the IA and waste management areas in the LADD area.  
OCI sources from other properties in the RP property vicinity include historical DDT and lindane 
manufacturing at Arkema; historical DDT formulation at Kinder Morgan/Willbridge; filling FDL with fill 
material sourced from vicinity industrial properties; use of OCIs for insect control in the general area; 
runoff containing OCIs from surrounding property owners including ESCO, NL/Gould, Schnitzer/Air 
Liquide, and RP; use of River dredge materials as fill on the Siltronic and Arkema properties that 
potentially contained OCIs from Arkema or up-River sources; and atmospheric deposition of OCIs.   

Results of analytical testing of OCIs are very dependent on the methodology employed.  Earlier 
analytical methods often resulted in false positives, especially at low concentrations.  RI groundwater 
samples collected prior to 2007 were analyzed for OCIs by the standard EPA 8080 or EPA 8081A 
techniques using GC/ECD.  Samples collected since 2007 were analyzed by GC/HRMS or 
GC/MS/MS.  Samples analyzed by GC/ECD with OCI detections were re-analyzed by GC/HRMS or 
MS/MS when possible, to confirm the reliability of the detections.  Some of the low-level OCI 
detections in the RP RI data set may be false positive results related to the presence of interfering 
compounds such as PAHs.  Therefore, interpretation of OCI results requires consideration of the 
analytical methods employed.   

17.2.5 Overall Conclusions Regarding Specific OCIs 

DDx compounds were detected in all media in the RP RI data set.  DDx historically was 
manufactured, formulated, or handled in the IA, and at the Arkema and Kinder Morgan/Willbridge 
sites.  Multi-source fill used in former Doane Lake, runoff, and the local use of DDT for insect control 
are also potential sources.  Historical operation areas at the Kinder Morgan/Willbridge Site where 
DDT was received, stored, formulated, and distributed by Shell also are a source of DDT.  Historical 
Shell operations at the Kinder Morgan/Willbridge Site generated waste consisting of a mixture of DDT 
and carrier diesel oil that Shell referred to as “insecticide slop” that was disposed of on site.  The 
extent of these source areas are not delineated because of limited investigations on these properties.  
Areas containing fill or dredge spoils in the RP property vicinity and the use of DDT for insect control 
are also potential sources of DDT.    

DDx (e.g., 4,4’-DDD, 4,4’-DDE, and 4,4’-DDT)  
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The data distribution and concentrations indicate the presence of DDx source areas at the RP 
property and on the Arkema property.  RP DDx compound source areas are small and are in soil in 
the IA and to a lesser extent the LADD area.  NAPL is not a source of DDx.  The 4,4’-DDx isomers 
define the extent of this OCI subgroup.  DDx compounds do not extend to the River from RP source 
areas.  Arkema is the primary source of DDx compounds in the RP property vicinity based on:   

1.  The distribution and concentrations of DDx indicate source areas at the RP property in 
the IA and LADD area, and Arkema Site.  DDx compounds were not detected above 
groundwater RSLs in RP property groundwater samples collected since 2007 and 
analyzed by GC/HRMS or GC/MS/MS, except for one sample, since early 2007.  The 
only DDx groundwater RSL exceedance outside of the Arkema property in samples 
collected since use of more specific methods was implemented in 2007 was 4,4’-DDD, in 
a single sample from the LADD area.  

2.  DDx compounds were detected above RSLs in the Artificial Fill and Fine-Grained 
Alluvium at Arkema in samples collected since 2007 and analyzed by GC/HRMS or 
GC/MS/MS.   

3.  Constituents that originate in the IA would follow groundwater flow toward the River, 
consistent with the CSM.   

4.  4,4’-DDx concentrations decrease from the RP source areas toward the River and are 
below RSLs at NW Front Avenue. 

5.   Concentrations increase as groundwater moves beneath the Arkema property, and 
exceed RSLs at the River.  DDx sources are present at the Arkema property, based on 
groundwater concentrations.   

6.  If constituents were to migrate from RP source areas, those constituents would be 
detected in the Alluvial-Colluvial Gravel or the CRBG in wells near the Riverbank, and 
not in the Artificial Fill and upper portion of the Fine-Grained Alluvium (Figure 6-V).  DDx 
compounds are not detected in the Alluvial-Colluvial Gravel or CRBG away from the RP 
source areas.   

7.  The highest DDx concentrations in Arkema groundwater were detected in the Fine-
Grained Alluvium and the Artificial Fill, indicating a source is located on the Arkema Site.   

8.  There is no evidence of widespread DDx concentrations greater than RSLs in soil or 
groundwater on the other vicinity properties.  

DDx was bound to sediments from former WDL, and to a limited extent in the sediments of NDL.  
Former WDL has been stabilized and capped so DDx cannot be transported through surface water or 
sediment.  NDL and NDP data indicate that DDx bound to NDL sediment is not transported through 
surface water or sediment pathways.  DDx was reported as detected in stormwater and non-
stormwater samples from the City Outfall 22B and Outfall 22C storm sewer systems at concentrations 
within the typical range of DDx detection limits (less than 5.0E-05 mg/L), and these concentrations 
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were qualified as tentatively identified during validation.  DDx compounds were detected in storm 
sewer cleanout sediment samples; however, the analytical data for stormwater and non-stormwater 
indicate that DDx compounds are not leaching from sediment to water. 

Endosulfans were not detected at concentrations greater than RSLs in the RP RI data set.  BHCs 
were detected at concentrations greater than RSLs in soil samples from the IA, the LADD area, and in 
one sample from the Siltronic property, and in groundwater from the RP property and several 
surrounding properties.  BHCs were not detected in near-River wells, with the exception of low-level 
detections on the Siltronic property.  There is no evidence of a consistent pattern of detections of 
endosulfan or BHC between the RP property and the River.  

BHCs and Endosulfans (e.g., alpha-BHC, lindane, and endosulfan I and II)  

There are several historical sources of endosulfan and BHCs at the RP property and vicinity.  
Endosulfan I, endosulfan II, and gamma-BHC were formulated and stored in the IA between 1945 and 
1969 (EMCON, 1992).  In 1953, the Pennsylvania Salt Manufacturing Co. was reportedly either 
formulating or manufacturing BHC at what is now the Arkema property (Food Ag Chem., 1953), and 
high concentrations of these COIs have been detected in groundwater under Arkema Lot 4 (ERM, 
2005; Peterson, 2008).  The filling of former Doane Lake with soil and fill material from various 
industrial activities by surrounding property owners may have introduced OCIs including endosulfans 
and BHC compounds to the former Doane Lake area, the LADD area, former WDL, and NDL.   

There is no consistent pattern of endosulfan or BHC detections between the RP property and the 
River.  Endosulfans have not been detected at concentrations greater than soil or groundwater RSLs 
during any sampling event.  Historical endosulfan detections below groundwater RSLs were 
widespread at the RP property vicinity, with no clear source areas.  Endosulfan concentrations 
detected since 2007 were extremely low (less than 4.00E-05 mg/L).  BHCs were detected above soil 
RSLs in the IA, in very isolated soil samples from former Doane Lake and the Siltronic property, and 
at very low levels in groundwater in the HA and IA.  The only BHC detections above groundwater 
RSLs were in the LADD area.  BHCs were not detected in wells at Lot 1 or Lot 2 of the Arkema 
property, but BHCs were detected in wells located on Arkema Lot 4 at concentrations ranging 
between 1.40E-05 mg/L for alpha-BHC to 0.00123 mg/L for delta-BHC (ERM, 2010).  BHCs were not 
detected in the groundwater flow path from RP source areas, demonstrating that the RP property is 
not a source of BHCs to the River. 

Endosulfans were detected in groundwater at concentrations below the RSLs at the RP property and 
vicinity properties.  The highest concentrations were identified in the LADD area; however, there is no 
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clear source area, and concentrations decrease to very low levels (less than 5.0E-05 mg/L) in 
samples from the ESCO and Arkema properties between the LADD and the River. 

BHCs and endosulfans were bound to sediments from former WDL and to a limited extent within the 
sediments of NDL.  Former WDL has been stabilized and capped so constituents cannot be 
transported through surface water or sediment.  NDL and NDP data indicate that BHCs and 
endosulfans bound to NDL sediment is not transported through surface water or sediment pathways.  
BHCs and endosulfan detections in stormwater and non-stormwater samples from the storm sewer 
systems leading to City Outfall 22B and at City Outfall 22C were very low.  BHCs and endosulfans 
were detected in storm sewer cleanout sediment samples; however, the analytical data for stormwater 
and non-stormwater show that these compounds are not leaching from sediment to water. 

Aldrin, dieldrin, endrin, chlordanes, and heptachlor are structurally similar chlorinated hydrocarbon 
insecticides.  The term “chlorinated hydrocarbon insecticide” is used to refer to these compounds and 
their breakdown products.  Aldrin and dieldrin were widely used as insecticides in the United States 
from the 1950s until 1970, when they were banned except for use in termite control.  All uses of aldrin 
and dieldrin were banned in 1989 (ATSDR, 2002a).  Endrin was used to control insects, birds, and 
rodents in the United States from 1951 until the mid-1980s.  Endrin was also historically released to 
the environment as a contaminant in dieldrin (ATSDR, 1996).  Chlordane and heptachlor were 
historically used as domestic and agricultural insecticides in the United States.  

Chlorinated hydrocarbon Insecticides (e.g., aldrin, dieldrin, and chlordane)  

It is clear that RP is not a source of chlorinated hydrocarbon insecticides to the River, based on the 
following: 

1.  There is no consistent pattern of chlorinated hydrocarbon insecticide detections between 
potential historical release areas on the RP property and the River;  

2.   Consistent detections of chlorinated hydrocarbon insecticides above RSLs related to RP 
operations are limited to the RP property;  

3.  Chlorinated hydrocarbon insecticides were not detected at concentrations greater than 
RSLs in near-River samples or samples collected from the other properties in the vicinity 
of the RP property analyzed by GC/MS/MS or GC/HRMS; and, 

4.  The distribution and concentrations of DDx constituents near the River are consistent 
with known Arkema sources. 

Samples on the RP property with concentrations above RSLs were largely limited to samples within 
the historical formulation and storage areas near the former dust plant building and within 20 feet of 
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the ground surface.  These RSL exceedances are surrounded by soil results that are less than RSLs 
or results that indicated chlorinated hydrocarbon insecticides were not detected. 

Several chlorinated hydrocarbon insecticides were detected above RSLs in groundwater beneath the 
RP property, but are not continuously present between the RP property and the River.  Aldrin, dieldrin, 
and endrin ketone were detected at the highest concentrations at the RP property in the Artificial Fill 
and the Fine-Grained Alluvium, consistent with the identified source area in the IA.  One or more of 
the chlorinated hydrocarbon insecticides or their breakdown products was detected at a concentration 
greater than the RSLs on the Metro, BNSF, City, NL/Gould, Schnitzer, and Siltronic properties in 
samples analyzed by EPA Method 8081A.  Samples collected before March 2007 were analyzed by 
EPA Method 8081A.  Low-level concentrations detected using EPA Method 8081A are considered 
tentatively identified, unless the detections were confirmed using alternate methods such as 
GC/HRMS.  Most detections were not confirmed during later sampling and analysis. 

Samples were collected for analysis by GC/MS/MS and GC/HRMS in 2007, 2008, and 2009 from 
wells on the Metro, NL/Gould, Schnitzer, and Siltronic properties and in the BNSF right-of-way 
between NDL and the River.  Aldrin, dieldrin, gamma-chlordane, and heptachlor epoxide were 
detected at concentrations greater than the RSLs in the Fine-Grained Alluvium in ASW-01A and 
ASW-04(18) located in the southwestern area of the Metro property near the boundary with the IA.  
Dieldrin was detected at a concentration slightly greater than the RSL in one sample from the Artificial 
Fill in a well in NW Front Avenue, and one sample from the Artificial Fill on the Schnitzer property.  
Chlorinated hydrocarbon insecticides were not detected at concentrations greater than RSLs in near-
River samples or samples collected from the other properties in the vicinity of RP and analyzed by 
GC/MS/MS or GC/HRMS. 

Constituents detected by GC/ECD, GC/HRMS, or GC/MS/MS that do not fit into one of the previously 
described subcategories include toxaphene, hexachlorobutadiene, mirex, and hexachlorobenzene, 
which are referred to as “other OCIs.”  Mirex was a dimer of hexachlorocyclopentadiene produced by 
the Hooker Chemical Company that was also sold as a flame retardant under the trade name 
Dechlorane.  Records show that the Hooker Chemical Company sold three times as much 
Dechlorane as mirex (NAS, 1978).   

Other OCIs (e.g., toxaphene, hexachlorobutadiene, mirex, and hexachlorobenzene) 

There is no record of the use, formulation, or manufacture of mirex or hexachlorobutadiene at the RP 
property.  Hexachlorobenzene and toxaphene were used in insecticide formulation in the IA.   
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Toxaphene and hexachlorobenzene were the only other OCIs detected at concentrations greater than 
RSLs in groundwater.  Toxaphene and hexachlorobenzene were detected above RSLs in 
groundwater samples from the HA, IA, LADD area, and former Doane Lake.  The distribution of 
toxaphene and hexachlorobenzene detections does not indicate a discrete source area within the RP 
property.  Hexachlorobutadiene and mirex were not detected consistently or at significant 
concentrations at the RP property and vicinity.  Chlorinated hydrocarbon insecticides were not 
detected at concentrations greater than RSLs in near-River samples or samples collected from the 
other properties in the vicinity of the RP property and analyzed by GC/MS/MS or GC/HRMS. 

There is no evidence of a consistent pattern of other OCIs between potential historical release areas 
on the RP property and the River.  OCI concentrations detected at the RP property vicinity were 
generally of low concentration and sporadic.   

17.2.6 OPIs 
OPIs are used for insect control in agricultural and non-agricultural areas and are normally derivatives 
of phosphoric, phosphonic, phosphorothioic, or phosphonothioic acids.  OPIs usually are not 
persistent in the environment, although their intended use results in direct release to water and soil.  
OPIs in the RP property vicinity are potentially from a number of sources including spraying of the 
constituents for mosquito control and insect control at area facilities and formulation losses at the RP 
facility.  

OPIs are not constituents of concern for the RP RI.  The RP RI data set indicates detections of seven 
OPIs: bolstar, demeton-O, disulfoton, ethoprop, malathion, parathion, and tetrachlorvinphos (stirofos).  
Only two of the detected OPIs (malathion and parathion) were formulated, processed, or stored during 
historical RP operations.  OPI detections are very limited in lateral and vertical extent and do not 
represent source areas, but rather represent isolated detections insufficient to act as a source.  

OPIs have not been detected in the NAPL area or stormwater and only in an extremely limited 
number of soil, groundwater, sediment, and surface water samples.  The detection frequency and 
most detected concentrations in environmental media are low, and detections are confined to known 
release areas, indicating that there was no transportation of OPIs away from the former RP facility.  
OPIs were detected in only 11 of 530 samples, with 19 individual OPIs detected in over 11,800 
results, for a detection frequency of 0.1%.  OPI detections did not exceed their respective EPA 2010 
Tap Water and Industrial Soil RSLs.   
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Sporadic detections in off-property media are very likely either false positives or from sources other 
than the RP property.  Analytical limitations may have resulted in some of the sporadic OPI 
detections.   

17.2.7 PCDDs/PCDFs 
PCDDs/PCDFs are ubiquitous in environmental media worldwide from a variety of both natural (e.g., 
ball clay and forest fires) and anthropogenic sources (EPA, 2003a).  In the RP property vicinity, the 
presence of PCDDs/PCDFs in environmental media is a result of contribution from a number of 
sources that include inadvertent production as part of the chlorinated phenol chemistry conducted for 
the manufacture of herbicides, operation of furnaces and boilers on a number of neighboring 
properties (including combustion of PCB-containing fuel oils), historical chloralkali manufacturing 
processes, placement of dredge spoils from the River for land-filling, secondary lead smelting, lead 
cable sweating, auto-shredder fluff disposal, atmospheric deposition concentrated in stormwater 
runoff,  and extensive continued generation of PCDDs/PCDFs from gasoline/diesel engines and 
industrial wood combustion (Cleverly et al., 1997).  Additional information on sources of 
PCDDs/PCDFs to environmental media in the RP property vicinity is provided in Section 8.9.4, and in 
Section 3 and Appendix L.  

Distribution of PCDDs/PCDFs in environmental media in the area is controlled by the physical site 
setting; the physical and chemical properties of PCDDs/PCDFs as they relate to environmental fate 
and transport; and the nature and location of historical releases from RP operations, operations on 
neighboring properties, and urban background.  Understanding and integrating these factors provides 
the basis for the conceptual site model for the fate and transport of PCDDs/PCDFs.   

Confirming the presence of PCDDs/PCDFs is highly dependent on laboratory methods and QC 
practices employed.  Standard EPA methods can be subject to interference from laboratory or field 
contamination, or from non-PCDD/PCDF compounds that coelute with target PCDDs/PCDFs and 
share common ions.  These interferences can result in unreliably determined concentrations or false 
positive analytical results.  Since implementation of additional QC protocols in 2007 and 2008, the 
incidence of suspected false positive results that appear to be associated with random, sporadic 
laboratory or field blank contribution has been nearly eliminated.    

In addition, the specific congeners present in a sample analyzed for PCDDs/PCDFs are important to 
understanding the source and distribution of the compounds.  Homolog concentrations may not be 
usable for source differentiation, and may lead to erroneous conclusions concerning sources and 
distribution, because homologs include both 2,3,7,8-substituted and non-2,3,7,8-substituted 
congeners, and can be subject to interference from non-PCDD/PCDF constituents. 
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PCDD/PCDF data collected for the RP RI indicate sources related to historical RP manufacturing 
processes, as well as a number of other non-RP-related sources.  There is also a generalized 
anthropogenic background distribution of PCDDs/PCDFs across the entire RP property and vicinity.  
Areas with PCDDs/PCDFs related to specific sources tend to have higher concentrations of 
PCDDs/PCDFs than the areas that are affected by anthropogenic background.  In addition, 
PCDDs/PCDFs associated with RP source areas tend to have congener patterns that include a broad 
range of PCDD and PCDF congeners, but are dominated by 2,3,7,8-TCDD, OCDD, and to a lesser 
degree OCDF.  While there is some variability in relative concentrations of other PCDD/PCDF 
congeners, they are generally present at distinctly lower concentrations than the three principal 
congeners. 

The data also indicate that PCDDs/PCDFs related to RP remain localized in soil and groundwater in 
the immediate vicinity of historical releases.  Limited vertical transport of PCDDs/PCDFs in 
groundwater may have occurred at the time of initial release.  Higher concentrations of 
PCDDs/PCDFs in identifiable release areas, rapid drop off in concentration with distance from these 
areas, and comparison of specific congeners present in samples indicate that there is not ongoing 
transport of PCDDs/PCDFs away from historical release areas.  This lack of transport is consistent 
with the physicochemical properties of PCDDs/PCDFs and the hydrogeochemical conditions in the 
RP property vicinity.  Some of the factors that retard or eliminate transport include: 

● The geochemical conditions at the RP property and vicinity favor the formation of iron 
precipitates that bind to the PCDDs/PCDFs, and agglomerate to form particles too large to 
move in the groundwater system; 

● The  high organic content of the soils at the RP property and presence of NAPL also help 
to preclude transport of PCDDs/PCDFs away from source areas; and  

● There is no complete transport pathway by which soils on the RP property that contain 
PCDDs/PCDFs related to RP operations can be transported away from the RP property, 
as stormwater is collected and treated, and untreated stormwater does not leave the RP 
property. 

It is evident from the literature and the observed PCDD/PCDF distribution that PCDDs/PCDFs in 
environmental media at the RP property and vicinity are related to multiple sources and not only to RP 
operations.  Data from other sites, where available, were used to understand the nature and extent of 
PCDDs/PCDFs in the RP property and vicinity.  However, most properties in the vicinity of the RP 
property have not completed remedial investigations or fully investigated or analyzed for 
PCDDs/PCDFs, even though operations that are known sources of PCDDs/PCDFs (furnaces, boilers, 
or other likely PCDD/PCDF sources) occurred on these properties.  This lack of data makes it difficult 
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to fully evaluate the distribution and sources of PCDDs/PCDFs on non-RP properties in the RP 
property vicinity. 

17.2.8 PCBs 
PCB distribution in the RP RI datasets and data from vicinity properties indicates that PCBs are from 
multiple sources.  Historical records from the RP facility show that potential sources of PCBs are 
limited.  PCB concentrations in groundwater do not indicate downgradient transport of PCBs from 
potential source areas at the RP property.  The majority of detected total PCB results in the RP RI 
groundwater dataset are less than total PCB concentrations in wet deposition (rain) and industrial 
stormwater in the Portland area (Blischke, 2009; see Section 8.10.4.3).  PCB aroclors detected in the 
RP property vicinity include aroclors 1242, 1248, 1254, and 1260. 

Data collected by RP for the RP RI are supplemented with limited data from other sites.  Most 
properties in the vicinity of the RP property have not completed remedial investigations or have not 
uniformly investigated or analyzed for PCBs, even in cases of known historical operations associated 
with PCBs.  This lack of data makes it impossible to fully evaluate the distribution and sources of 
PCBs in the RP property vicinity.  

PCBs were not detected in the NAPL samples analyzed.  The specific aroclors detected in soil 
samples differed across the RP property and vicinity and suggest localized individual releases from a 
variety of sources currently or formerly located around former Doane Lake.   

Aroclors were not detected in the RP RI groundwater dataset.  PCBs were detected in groundwater 
samples analyzed using congener-specific, ultra-trace HRMS methods, but total PCB concentrations 
did not exceed the EPA 2010 Tap Water RSL of 1.7x10-4 mg/L.  In addition, the distribution of 
individual congener patterns in the RP RI groundwater data demonstrate that PCBs detected in 
groundwater near the former RP plant area are distinct from, and unrelated to, PCBs detected in other 
areas of the RP property and vicinity.   

The predominance of lighter PCB congeners in RP property and immediate vicinity groundwater 
supports an anthropogenic atmospheric source of PCBs to groundwater rather than transport from a 
potential source area on the RP property.  Atmospherically transported PCBs would be expected to 
be lighter and therefore more water soluble, than PCBs from industrial point sources.  The differences 
in the distribution of aroclor and coplanar congeners in the RP property and vicinity are consistent with 
expected behavior of PCBs in environmental media, especially groundwater.  As is the case for 
PCDDs/PCDFs, PCBs are expected to partition to solids in the soil-groundwater system and become 
relatively immobile.   
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PCBs were not detected in the three surface water samples collected from NDL in 1995 and analyzed 
for PCB aroclors; NDL sediment was not analyzed for PCBs.  PCBs in biota residing in NDL (fish and 
bullfrog tissue) are likely attributable to atmospheric deposition, runoff from US Highway 30, or 
another industrial source, not the RP property.  Potential sources of PCBs on the RP property are 
distant from NDL, and there is no evidence for downgradient transport of PCBs from the RP property 
in groundwater.  PCBs were detected in WDL sediment.  The distribution of aroclor and PCB 
congener results in sediment suggests multiple, distinct sources to former WDL.  Locations with 
detected PCB results are separated by locations where PCBs were not detected, indicating that PCBs 
have not been transported throughout the lake after initial deposition.  

PCBs were detected in sediment and non-stormwater within the City Outfall 22B storm sewer system 
at concentrations consistent with anthropogenic industrial background levels for the Portland Harbor 
area.  The HDD does not represent a transport pathway for PCBs from the RP property.    

17.2.9 Petroleum Hydrocarbons 
TPHs are the measurable amount of mixtures of petroleum-based hydrocarbons (substances with 
hydrogen-carbon bonds) in an environmental medium.  In the RP RI data set, there are significant 
challenges to obtaining usable analytical results for TPH, primarily due to interference from other 
relatively high concentration constituents.  All volatile and semivolatile organic chemicals will be 
detected by the nonselective detector used in analytical methods for TPH.  Non-petroleum 
compounds, if present, contribute to the amount of material measured and cause either the TPH 
result to be biased high or TPH to be reported when petroleum hydrocarbons are not present at all. 

The chromatograms from historical TPH analyses performed on samples collected from the RP 
property and vicinity show that many of the TPH results were only apparent detections and were not 
indicative of the presence of petroleum products.  Apparent TPH detections can be attributed to the 
presence of other compounds, such as chlorinated benzenes, phenols, phthalates, or other site-
related compounds that were present in the sample.  All of these substances are measured and 
reported as TPH using the standard methodology, even though they are not actually TPH.  Actual 
TPH detections (detections of material with a chromatographic pattern corresponding to that of a 
petroleum hydrocarbon product) are found in isolated locations close to likely source areas.   

The actual TPH results from the RP RI datasets indicate multiple petroleum sources.  The available 
data demonstrate no downgradient migration of actual TPH related to RP source areas, likely 
because of the ready biodegradability of most petroleum hydrocarbons and the tendency of heavier 
petroleum hydrocarbons to adsorb to formation materials.  The distribution of actual TPH detections 
demonstrates there are no pathways for which the transport of TPH is continuous between the RP 



 

AMEC Earth & Environmental, Inc. 
Project No.:  0-61M-107030/Phase 0104/T6 703 
K:\10000\10700\10703\0100 RI-FS-ROD\0104 RI Report\Draft RI\RI-SCE Report.Docx 

property and the River.  Most TPH results for groundwater samples between the RP plant area and 
the River are false positives related to the presence of dichlorobenzenes, which elute in the diesel 
range in TPH analysis and which give a measureable response on the FID. 

Petroleum hydrocarbons were released to the soil as a result of former operations in the HA; from 
placement of MGP wastes on Siltronic property; as a result of a variety of industrial activities on the 
RP property and vicinity properties including fueling and equipment operation at multiple industrial 
facilities; from local traffic emissions within the industrial area and on Highway 30; the placement of fill 
in former Doane Lake; and potential placement of dredge spoils on Arkema, BNSF, Gasco, NL/Gould, 
and Siltronic properties.  Releases of petroleum hydrocarbons in the HA contribute to the area of 
NAPL found in the northwest part of the HA and the western edge of the NPA.  At Siltronic property, 
releases of petroleum hydrocarbons from placement of MGP wastes by Gasco contributed to NAPL 
near the NDP and detections in other media in contact with MGP waste. 

Transport of DRO and RRO away from the RP source areas is minimal because these types of TPH 
prefer to adsorb to particulates and, therefore, tend to be relatively immobile in the environment, 
independent of the particulates to which they are adsorbed.  In addition, DRO is readily 
biodegradable, and biodegradation limits transport of DRO.  Evidence of the lack of mobility of DRO 
and RRO at the RP property and vicinity is found in the soil data set, where analytical results 
demonstrate that TPH detections are localized and isolated from each other, and where 
chromatograms suggest that the TPH detections are not related, as expected in a heavily 
industrialized area used by multiple parties.  Further evidence of limited, localized sources is found in 
the surface water and non-stormwater data sets, where TPH is generally not detected in these media 
(such as at NDL, Outfall 22B, and Outfall 22C) but is present in the sediments or nearby soils.  
Detections of DRO and RRO in Artificial Fill and Fine-Grained Alluvium groundwater are generally low 
across much of the area (often less than 1.00 mg/L), further demonstrating that TPH releases have 
likely been small and localized, and are not being transported long distances from the point of release.  
For these reasons, the RP property is not considered to be the source of DRO and RRO on other 
properties. 

Transport of GRO away from source areas also is relatively limited, because this type of TPH is less 
persistent as a result of its volatility and susceptibility to degradation.  Evidence of this can be found in 
the soil and groundwater data sets that indicate the extent of GRO in the HA and NAPL area of the 
NPA is limited and does not migrate off RP property.  This is because the rate of degradation of the 
constituents that make up the GRO is greater than the rate of transport of these constituents through 
soil or groundwater.  This can be seen in the distribution of other constituents (such as xylenes).  
Xylenes are detected above risk-based screening criteria only at RP source areas or within the area 
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of NAPL, and are below risk-based screening criteria at all downgradient and off-property locations.  
TPH and its underlying constituents are expected to continue to degrade under current and future 
environmental conditions. 

17.2.10 Inorganics 
There is no discernible pattern or gradient to concentrations of metals in soil or groundwater that 
suggests the presence of a coherent plume that originates in and moves away from any particular 
source area.  Although areas of higher concentration are evident in the data, including elevated 
concentrations of arsenic in soils on the RP property where insecticides and herbicides were 
manufactured and formulated, these apparent source areas are surrounded by multiple data points 
with lower or nondetectable concentrations of the same element.  

LWG makes the same observation of lack of any evident distributional pattern in the upland 
groundwater evaluation provided in the Remedial Investigation Report (LWG, 2009).  The general 
distribution of metals is consistent with the natural and human history of the Doane Lake area.   

River sediments and local soils are high in a number of metals that are present in environmental 
media in the RP property vicinity.  Data presented by USGS shows that soils and surficial materials in 
northwestern Oregon have some of the highest concentrations of aluminum, barium, copper, 
chromium, iron, manganese, vanadium, and zinc in the conterminous United States (Gustavvson et 
al., 2001).  This document shows that arsenic concentrations in the same area exceed risk based 
screening levels across a large area.  Use of these materials for fill in a wetland environment exposes 
them to weathering processes that tend to release these metals into groundwater, and elevated metal 
concentrations are commonly associated with filled wetland areas. 

In addition to the role of natural weathering processes in release of metals from fill materials, historical 
operations at the NL/Gould facility resulted in the release of battery acid to former Doane Lake.  The 
low pH conditions caused by the acid releases likely resulted in dissolution of metals from fill material 
as well as formation materials beneath the former Doane Lake outline.  Release of organic materials 
from other sources, including resins associated with ESCO foundry sands and solvents released from 
historical RP operations, likely resulted in changes in redox conditions that may have added to 
release of metals from fill and formation materials. 

The absence of any focused plume of metals is likely related to the same series of geochemical 
controls previously discussed for PCDDs/PCDFs, PCBs, and OCIs, and is related to formation and 
agglomeration of iron precipitates in the groundwater system, and capture of other metals within the 
agglomerated particles.  The net effect of these processes is to greatly retard or eliminate transport of 
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metals and low-solubility organic constituents, and to sequester metals near apparent source areas.  
As a result, concentrations in groundwater located further away from these apparent source areas 
represent the generalized local concentration that is not related to specific sources, but rather is 
related to a combination of contributions from fill and formation materials.   

Many of the higher reported concentrations of metals in groundwater represent older data, some 
dating back as far as the early 1980s.  These data were collected before the advent of modern 
minimal drawdown (aka low-flow) sampling techniques.  These data have been included at the 
direction of DEQ, but are highly uncertain, and of doubtful value for understanding the distribution of 
metals in groundwater in the RP property vicinity.  There is a substantial likelihood that sampling 
techniques in use at that time resulted in entrainment of formation materials in the samples, so that 
the results do not represent actual groundwater concentrations, leading to an inaccurate 
representation of nature and extent.   

17.3 RISK ASSESSMENT 

Baseline HHRAs are in process or were completed for the RP property and for NDL.  The potential 
risk posed to off-property human receptors by exposure to RP constituents will be assessed in an off-
property HHRA following approval of the Revised Final HHRA.   

A terrestrial ERA was completed for the RP property and for NDL.  A Revised ERA is in process for 
NDL to evaluate risks associated with exposure to constituents in the aquatic environment.   

17.4 SOURCE CONTROL EVALUATION CONCLUSIONS 

The JSCS pathway screening evaluation is a conservative process designed by DEQ and EPA to 
identify constituents and potential transport pathways that may require source control prior to 
implementation of the in-river remedy for the River.   

Completion of the SCE screening steps for each pathway results in a list of constituents, regardless of 
source, that are retained for evaluation in an SCAA by the party or parties most appropriate for control 
of those COPCs within a given transport pathway.  Constituent sources will be evaluated by DEQ to 
determine what responsible party or parties will perform an SCAA for a particular pathway, COPC, or 
group(s) of COPCs.   

Constituents were evaluated by medium and potential transport pathway in which they were detected.  
Most potential transport pathways are recommended for further evaluation by some party.  The HDD 
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pathway is not considered complete except under conditions where River water enters the HDD 
during extreme flood events.  The possibility of flood water entering the HDD will be eliminated in late 
2010 when a one-way check valve is installed.   

17.4.1 Groundwater 
17.4.1.1 Artificial Fill 

Artificial Fill groundwater should be a medium priority and be carried forward to an SCAA by parties 
other than StarLink because of the presence of inorganic constituents.  Artificial Fill groundwater is a 
low-priority pathway for the RP SCE because: 

● The lateral extent of Artificial Fill groundwater along the Riverbank is limited.  The only 
area of saturated fill at the Riverbank is on the Siltronic property.  Gasco concluded in their 
SCE Report that they have potential COPCs at the Riverbank that may require source 
control (Anchor, 2009).  

● There are no high-priority constituents detected in Artificial Fill groundwater within the 
vicinity of the RP property, except arsenic, and the widespread nature and lack of any 
discernible pattern to the arsenic distribution suggest that the source is related to naturally 
occurring arsenic in fill materials. 

● The only medium-priority constituents are inorganic constituents, and the widespread 
nature and lack of any discernible pattern to the distribution of these constituents suggest 
that the source is related to naturally occurring concentrations in fill materials.  These 
constituents are likely not attributable to a source that could be readily addressed by 
source control measures, and there is little evidence that they are actually transported to 
the River itself.    

17.4.1.2 Fine-Grained Alluvium, Alluvial-Colluvial Gravel, and CRBG 

Whether the groundwater pathway composed of the Fine-Grained Alluvium, Alluvial-Colluvial Gravel, 
and CRBG should be carried forward to an SCAA depends on the locations of constituent plumes at 
the Riverbank.  Groundwater plumes occur from sources on the Siltronic, RP, and Arkema properties.  
The Siltronic groundwater pathway was evaluated in its SCE and the Siltronic SCE recommends an 
SCAA for groundwater.  Groundwater impacts at the River from Arkema source areas are partially 
covered by Arkema’s SCE that addresses portions of Tract A, and Lots 3 and 4.  Groundwater 
evaluation for Tract A, Lot 1, and Lot 2 areas cannot be evaluated sufficiently for non-RP constituents 
with the data in the RP database although significant impacts at the River from non-RP COIs of higher 
priority is indicated.  Further evaluation of the need for source control for these COPCs should be 
evaluated by Arkema.  
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The remaining evaluation of the need for an SCAA for the groundwater pathway in these 
hydrogeological zones is limited to the area where RP COIs are present that are classified as medium 
priority.  This is approximately the area between monitoring well clusters RP-02 and RP-11 near the 
Riverbank.  RP-related COIs are present within the lower portion of the Fine-Grained Alluvium, the 
Alluvial-Colluvial Gravel, and upper portion of the CRBG.  COI movement follows groundwater flow as 
a single plume through these stratigraphic units.   

The RP VOC portion of the plume should be classified as a low priority for source control except 
where DDx compounds and potentially metals that originate on the Arkema property overlap the 
VOCs.  In the absence of the Arkema-related compounds, the VOC plume in the Fine-Grained 
Alluvium, Alluvial-Colluvial Gravel and CRBG would be low priority despite the presence of certain 
medium-priority COIs because:  

● There are no high-priority compounds detected in the RP dataset except arsenic.  There is 
no discernible pattern to the distribution of inorganics including arsenic, which is the only 
high-priority inorganic COPC.  Inorganics in the RP property and vicinity are naturally 
occurring at concentrations above the SLV.  The inorganic constituents present in 
groundwater, especially near the River, are not attributable to a specific source(s) that 
would be addressed by source control. 

● The only medium-priority COPCs are three VOCs, and there is evidence of natural 
attenuation of VOCs in the plume.  

● The limited area of discharge and low loading from VOCs can be effectively addressed 
through the Portland Harbor in-River remedy, if necessary, and is likely unnecessary if 
dilution is considered.  

The area where DDx compounds are present at the Riverbank is not defined because of incomplete 
sampling and use of inadequate analytical methods by Arkema.  The area where DDx compounds are 
present in the Fine-Grained Alluvium, Alluvial-Colluvial Gravel, and CRBG groundwater pathway 
should remain a medium priority because:  

● DDx accumulates in sediment and biomagnifies in biota.  

● DDx is a risk driver for the Portland Harbor in-River remedy.  

● here is a large source area adjacent to the Riverbank causing continued release of these 
compounds to the River in the Fine-Grained Alluvium pathway. 

17.4.1.3 Troutdale Formation 

The Troutdale Formation groundwater should be a considered a low priority because: 
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● The potential impact from this pathway to the River is very limited because of the 
significant vertical distance (more than 100 feet) that separates the Troutdale Formation 
from the bottom of the River. 

● Analytical results from monitoring wells screened in the Fine-Grained Alluvium overlying 
the Troutdale Formation indicate there is no upward migration of RP-related COIs from the 
Troutdale Formation to the overlying Fine-Grained Alluvium materials, indicating an 
incomplete migration pathway to the River.  (e.g., Silvex was not detected in wells WS-11-
125, WS-11-161, WS-12-125, WS-12-161, WS-14-125, and WS-14-161). 

● There are no medium- or high-priority constituents retained in the Troutdale Formation for 
the RP SCE.   

● The inorganic concentrations in Troutdale Formation groundwater only slightly exceed the 
site-specific groundwater background levels, which are considered to be relatively low and 
may not be representative of background levels closer to the River.  Inorganic 
concentrations in Troutdale Formation groundwater are considered to be representative of 
regional background levels.  They are not attributable to a distinct source that would be 
addressed by source control measures. 

17.4.2 City Outfall 22C  
City Outfall 22C is assigned a medium priority and is recommended to be carried forward to an SCAA 
by others because of the presence of PAHs.  This conclusion is based on: 

1.  The inorganic, PCDDs/PCDFs, and PCB COIs are natural occurring or urban 
background and are not attributable to a source that would be addressed by source 
control measures from RP source areas.  These are systemically occurring compounds 
in the environmental media of the area and do not drive the need for an SCAA 
evaluation.  

2.  A significant number of PAHs attributable to Gasco MGP operations and waste disposal 
are detected in stormwater, non-stormwater, and sediment.  Most of the Gasco PAHs are 
screened out during the SCE evaluation because they are not continuously present 
between RP and City Outfall 22C.  For those constituents screened out, SLV 
exceedances are pervasive in sampled media and are found in water and sediment in 
NDL, NDP, and the 22C outfall.  

3.  Control of PAH-containing wastes that either directly enter the City Outfall 22C pathway 
or indirectly enter it through groundwater are the sources and pathways that would result 
in the widest control of PAHs detected in the City Outfall 22C pathway.  

17.4.3 HDD 
The HDD pathway should not be carried forward to an SCAA because it should be considered an 
incomplete pathway.  The HDD only has potential to carry water during extreme weather conditions 
when the River floods and backs up into the HDD.  The River would need to be 7.6 feet above flood 
stage (between a 50 and 100 year flood probability) to reach the elevation of the HDD (USACE, 1971 
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AND 1977).  As part of the HDD Culvert Check Valve Work Plan submitted to the DEQ on August 19, 
2010 (AMEC, 2010t), the culvert connecting the HDD under N.W. Front Avenue to the Riverbank will 
be fitted with a cut-off valve to prevent River flood water from entering the HDD.  As a result, the 
potential pathway will be eliminated.   

17.4.4 Bank Erosion 
Bank Erosion is a medium priority pathway because of the presence of SVOCs, OCIs, and 
PCDDs/PCDFs, and may require an SCAA by parties other than StarLink.  Bank Erosion is a low 
priority pathway for the RP SCE because: 

● There are a limited number of high-priority COPCs that are solely related to an RP source 
area.  These are dieldrin, total chlordane, and TCDD.  The total DDx found at the 
Riverbank may come in part from an RP source area, but the Arkema property is a more 
proximate source of DDx at the Riverbank.  The RP property is not the source of SVOCs, 
total PCBs, or inorganic constituents at the Riverbank. 

● The extent of the high priority COPCs in Riverbank soils related to RP source areas is 
limited to the area immediately around the discharge point of City Outfall 22B and the 
HDD.  Sediment input to City Outfall 22B was substantially reduced and will be reduced 
further upon completion of the Expanded City Outfall 22B IRAM (Section 5.3).  There is no 
outflow from the HDD to the River.  Only under extreme flood conditions of the River would 
the HDD flood and potentially carry sediments away from the HDD (Section 16.9).  

An SCAA for the Bank Erosion pathway would cover the entire bank area along Arkema Tract A and 
BNSF properties.  The SCAA should be completed by others because the extent of the area where 
constituents potentially related to RP exceed JSCS SLVs is limited to the area immediately 
surrounding the City Outfall 22B discharge point.  Source control for this pathway needs to consider 
the extent of COPCs related to other parties such as Arkema that are located immediately adjacent to 
the beach area and the extent of constituents immediately upgradient of the beach area investigated 
by this RI/SCE. 

17.5 DATA COMPLETENESS 

Data completeness was evaluated for each media investigated.  The data set for each medium is 
complete and potential source areas and migration pathways are adequately characterized.  
Additional sampling to further define nature and extent, and fate and transport, for the RI is not 
necessary.   

The RI characterization also is sufficient to identify that there are third-party contributions to the 
constituents found in environmental media in the RP property vicinity.  This data completeness 
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evaluation does not address inadequacies in the characterization of the nature and extent of third-
party sources or investigations. 

The data sets used in the RI/SCE Report span a period of approximately 30 years and contain data of 
varying quality.  Data quality issues were identified and addressed by the use of newer analytical 
methods and by comparison of older results with more recent data to evaluate representativeness of 
the older results.  Recent results generated using the newer analytical methods are considered the 
most representative; however, all available data are included in the RI/SCE Report.  A sufficient 
amount of data was generated from newer analytical methods for the purpose of the RI. 

Focused data collection may be necessary to complete the FS or to support remedial design work 
where existing data are not adequate to allow for reasonable assumptions to be made in the 
evaluation of remedial technologies.  Specific data collection needs to support remedy evaluations will 
be developed after initial remedial options are identified. 

17.6 NEXT STEPS 

Multiple reporting and field activities are anticipated in 2011, including: 

● Final RI Report 

● NDL Recontamination Study and Stormwater Assessment (RSSA) Technical 
Memorandum 

● Revised Final HHRA Report 

● Revised ERA Report for NDL 

● Feasibility Work Plan 

● WDL IRAM Completion Report 

● WDL Cap Stormwater Management Report 

● WDL IRAM Long-term Monitoring Program and reporting 

● City Outfall 22B Expanded IRAM Completion Report 

● NFA ISCM Extended Pumping Test Technical Memorandum 

● HDD Culvert Check Valve Work Plan implementation and reporting 

● Office/Warehouse and Maintenance Shop building demolition implementation 
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18.0 UPCOMING ACTIVITIES  

Multiple reporting and field activities are anticipated for completion in 2011, including: 

Remedial Investigation Submittals 

● Final RI Report 

● NDL Recontamination Study and Stormwater Assessment (RSSA) Technical 
Memorandum 

● Quarterly RI/FS Progress Reports 

Risk Assessment Submittals 

● Revised Final HHRA Report 

● Revised ERA Report for NDL 

● Hot Spot Evaluation Report 

Feasibility Study Submittal 

● Feasibility Work Plan 

IRAM and ISCM Plans, Implementation, and Reporting 

● WDL IRAM Completion Report 

● WDL Cap Stormwater Management Report 

● WDL IRAM Long-term Monitoring Program and reporting 

● City Outfall 22B Expanded IRAM Completion Report 

● NFA ISCM Extended Pumping Test Technical Memorandum 

● HDD Culvert Check Valve Work Plan implementation and reporting 

● Office/Warehouse and Maintenance Shop building demolition implementation 
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AMEC, 2002a.  Fourth Quarter 2001 Progress Report for Remedial Investigation/ Feasibility Study, 
RPAC – Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon 
Department of Environmental Quality, January 9, 2002. 

AMEC, 2002b.  Fall 2001 Groundwater Monitoring Report, RPAC - Portland Site.  Prepared by AMEC 
Earth & Environmental, Inc., submitted to Oregon Department of Environmental Quality, January 11, 
2002. 
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AMEC, 2002c.  Logic Behind Well and Method Selection Spring 2002 Groundwater Characterization, 
RPAC – Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon 
Department of Environmental Quality, January 11, 2002. 

AMEC, 2002d.  Draft Focused Spring 2002 Groundwater Characterization Field Sampling Plan, RPAC 
– Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of 
Environmental Quality, January 14, 2002. 

AMEC, 2002e.  Response to DEQ’s January 18, 2002 Letter, Draft Remaining RI Work Plan, RPAC – 
Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of 
Environmental Quality, February 5, 2002. 

AMEC, 2002f.  Groundwater Transport Evaluation Data Needs Report Field Sampling Plan, RPAC - 
Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of 
Environmental Quality, February 8, 2002. 

AMEC, 2002g.  Response to DEQ’s February 15, 2002 Letter, Spring 2002 Groundwater 
Characterization, RPAC – Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted 
to Oregon Department of Environmental Quality, February 27, 2002. 

AMEC, 2002h.  Monitoring Well Installation at Wacker Property Field Sampling Plan, RPAC - Portland 
Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of 
Environmental Quality, February 28, 2002. 

AMEC, 2002i.  Final Focused Spring 2002 Groundwater Characterization Field Sampling Plan, RPAC 
– Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of 
Environmental Quality, March 8, 2002. 

AMEC, 2002j.  Addendum #1, Monitoring Well Installation at Wacker Property, RPAC - Portland Site.  
Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of Environmental 
Quality, March 15, 2002. 

AMEC, 2002k.  Second Response to DEQ’s January 18, 2002 Letter, Draft Remaining RI Work Plan, 
RPAC – Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon 
Department of Environmental Quality, March 19, 2002. 
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AMEC, 2002l.  Stage 2 Source Area Soils Investigation Field Technical Memorandum, RPAC - 
Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of 
Environmental Quality, March 21, 2002. 

AMEC, 2002m.  Draft Level 2 Ecological Risk Assessment Site Survey Field Sampling Plan, RPAC - 
Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of 
Environmental Quality, April 1, 2002. 

AMEC, 2002n.  Focused Spring 2002 Groundwater Characterization Event Water Level 
Measurements, RPAC – Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to 
Oregon Department of Environmental Quality, April 18, 2002. 

AMEC, 2002o.  Final Remedial Investigation Work Plan, RPAC - Portland Site.  Prepared by AMEC 
Earth & Environmental, Inc., submitted to Oregon Department of Environmental Quality, May 24, 
2002. 

AMEC, 2002p.  Draft Level II Ecological Risk Assessment Comment Response, RPAC – Portland 
Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of 
Environmental Quality, May 31, 2002. 

AMEC, 2002q.  Draft Source Area Soils Characterization Report, RPAC - Portland Site.  Prepared by 
AMEC Earth & Environmental, Inc., submitted to Oregon Department of Environmental Quality, June 
17, 2002. 

AMEC, 2002r.  Response to DEQ’s June 14, 2002 Letter, Final Remaining RI Work Plan, RPAC – 
Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of 
Environmental Quality, June 28, 2002. 

AMEC, 2002s.  Focused Spring 2002 Groundwater Characterization Event Groundwater Monitoring 
Report, RPAC - Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon 
Department of Environmental Quality, July 31, 2002. 

AMEC, 2002t.  Second Quarter 2002 Progress Report for Remedial Investigation/ Feasibility Study, 
RPAC – Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon 
Department of Environmental Quality, August 23, 2002. 
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AMEC, 2002u.  RP-07 Series Monitoring Well Installation Technical Memorandum, RPAC – Portland 
Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of 
Environmental Quality, September 11, 2002 

AMEC, 2002v.  Collection of Water from the Seepage Meter Currently installed in the Willamette River 
Offshore from the RPAC – Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted 
to Oregon Department of Environmental Quality, September 18, 2002. 

AMEC, 2002w.  Third Quarter 2002 Progress Report for Remedial Investigation/Feasibility Study, 
RPAC - Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon 
Department of Environmental Quality, October 8, 2002. 

AMEC, 2002x.  North Doane Lake Level II Aquatic Ecological Risk Assessment, RPAC - Portland 
Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of 
Environmental Quality, October 15, 2002. 

AMEC, 2002y.  RE:  Draft Source Area Soils Characterization Report, RPAC – Portland Site.  
Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of Environmental 
Quality, October 25, 2002. 

AMEC, 2002z.  Groundwater Transport Evaluation Field Technical Memorandum, RPAC - Portland 
Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of 
Environmental Quality, November 12, 2002. 

AMEC, 2002aa.  Draft Groundwater Characterization Report, RPAC - Portland Site.  Prepared by 
AMEC Earth & Environmental, Inc., submitted to Oregon Department of Environmental Quality, 
December 2, 2002.  

AMEC, 2002bb.  RPAC Response to DEQ NDL Level II Comments, RPAC- Portland Site.  Prepared 
by AMEC Earth & Environmental, Inc., submitted to Oregon Department of Environmental Quality, 
December 20, 2002. 

AMEC, 2003a.  Fourth Quarter 2002 Progress Report for Remedial Investigation/ Feasibility Study, 
RPAC – Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon 
Department of Environmental Quality, January 10, 2003. 
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AMEC, 2003b.  Draft Source Area Soils Characterization Report, Responses to DEQ’s September 3, 
2002 Letter, RPAC – Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to 
Oregon Department of Environmental Quality, January 22, 2003. 

AMEC, 2003c.  Remaining Remedial Investigation Technical Memorandum, RPAC - Portland Site.  
Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of Environmental 
Quality, February 4, 2003. 

AMEC, 2003d.  Final Source Area Soils Characterization Report, RPAC – Portland Site.  Prepared by 
AMEC Earth & Environmental, Inc., submitted to Oregon Department of Environmental Quality, March 
3, 2003. 

AMEC, 2003e.  Draft Post-Characterization Groundwater Monitoring Plan, RPAC – Portland Site.  
Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of Environmental 
Quality, March 28, 2003. 

AMEC, 2003f.  Final Groundwater Characterization Report, RPAC – Portland Site.  Prepared by 
AMEC Earth & Environmental, Inc., submitted to Oregon Department of Environmental Quality, March 
28, 2003. 

AMEC, 2003g.  First Quarter 2003 Progress Report for Remedial Investigation/ Feasibility Study, 
RPAC – Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon 
Department of Environmental Quality, April 10, 2003. 

AMEC, 2003h.  April 21, 2003 AMEC/DEQ Technical Teleconference, North Doane Lake Ecological 
Risk Assessment, RP – Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to 
Oregon Department of Environmental Quality, May 6, 2003. 

AMEC, 2003i.  Draft North Doane Lake Field Sampling Plan, RP - Portland Site.  Prepared by AMEC 
Earth & Environmental, Inc., submitted to Oregon Department of Environmental Quality, May 7, 2003. 

AMEC, 2003j.  Draft Lake Area Geophysical Survey Work Plan, RP – Portland Site.  Prepared by 
AMEC Earth & Environmental, Inc., submitted to Oregon Department of Environmental Quality, June 
4, 2003. 

AMEC, 2003k.  Draft Quality Assurance Project Plan Addendum No.2, North Doane Lake 2003 
Sampling Event, Fish Tissue Sample Processing and Storage, RP - Portland Site.  Prepared by 
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AMEC Earth & Environmental, Inc., submitted to Oregon Department of Environmental Quality, June 
23, 2003. 

AMEC, 2003l.  Draft Non-Aqueous Phase Liquid Evaluation Work Plan, RP – Portland Site.  Prepared 
by AMEC Earth & Environmental, Inc., submitted to Oregon Department of Environmental Quality, 
June 30, 2003. 

AMEC, 2003m.  Response to DEQ Comments, Draft North Doane Lake Field Sampling Plan, Rhône-
Poulenc Site, Portland, Oregon.  Prepared by AMEC Earth & Environmental, Inc., submitted to 
Oregon Department of Environmental Quality, July 10, 2003. 

AMEC, 2003n.  Second Quarter 2003 Progress Report for Remedial Investigation/ Feasibility Study, 
RP – Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon 
Department of Environmental Quality, July 10, 2003. 

AMEC, 2003o.  Method Quantitation Limits for DDT Analysis, RP – Portland Site.  Prepared by AMEC 
Earth & Environmental, Inc., submitted to Oregon Department of Environmental Quality, July 18, 
2003. 

AMEC, 2003p.  Draft Deterministic Baseline Human Health Risk Assessment, RP - Portland Site.  
Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of Environmental 
Quality, August 1, 2003. 

AMEC, 2003q.  Draft Facility Structures Assessment and IRAM Work Plan, RP – Portland Site.  
Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of Environmental 
Quality, August 29, 2003. 

AMEC, 2003r.  Fish Reconnaissance Scope of Work, RP – Portland, Oregon.  Prepared by AMEC 
Earth & Environmental, Inc., submitted to Oregon Department of Environmental Quality, September 
10, 2003. 

AMEC, 2003s.  Third Quarter 2003 Progress Report for Remedial Investigation/ Feasibility Study, RP 
– Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of 
Environmental Quality, October 10, 2003. 

AMEC, 2003t.  Response to DEQ Letter Dated October 1, 2003, “Report Reviews,” RP – Portland 
Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of 
Environmental Quality, October 31, 2003. 
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AMEC, 2003u.  Additional Scope Items for North Doane Lake Fieldwork, RP – Portland, Oregon.  
Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of Environmental 
Quality, November 7, 2003. 

AMEC, 2003v.  Final Non-Aqueous Phase Liquid Evaluation Work Plan, RP – Portland Site.  
Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of Environmental 
Quality, November 14, 2003. 

AMEC, 2004a.  West Doane Lake Sediment Leachability Analysis Field Sampling Plan, RP – Portland 
Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of 
Environmental Quality, January 13, 2004. 

AMEC, 2004b.  Fourth Quarter 2003 Progress Report for Remedial Investigation/ Feasibility Study, 
RP – Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon 
Department of Environmental Quality, January 20, 2004. 

AMEC, 2004c.  Final Post-Characterization Groundwater Monitoring Plan, RP - Portland Site.  
Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of Environmental 
Quality, February 17, 2004.   

AMEC, 2004d.  Response to DEQ Letter Dated January 28, 2004, “Human Health Risk Assessment,” 
RP – Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon 
Department of Environmental Quality, February 23, 2004. 

AMEC, 2004e.  Draft Historical Drainage Ditch and Lake Area Drainage Ditch Field Sampling Plan, 
RP – Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon 
Department of Environmental Quality, February 27, 2004. 

AMEC, 2004f.  Additional Analyses for Spring 2004 Groundwater Sampling Event Post-
Characterization Groundwater Sampling Plan, RP – Portland Site.  Prepared by AMEC Earth & 
Environmental, Inc., submitted to Oregon Department of Environmental Quality, April 7, 2004. 

AMEC, 2004g.  First Quarter 2004 Progress Report for Remedial Investigation/ Feasibility Study, RP 
– Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of 
Environmental Quality, April 12, 2004. 
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AMEC, 2004h.  Installation of Additional Extraction Wells EW-1, EW-2, EW-3 (GETS IRAM), RP – 
Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of 
Environmental Quality, April 30, 2004. 

AMEC, 2004i.  Scope of Work, Storm Sewer Camera Survey Associated with City of Portland Outfall 
22B, RP – Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon 
Department of Environmental Quality, May 12, 2004. 

AMEC, 2004j.  Response to DEQ Letter Dated April 28, 2004, “Human Health Risk Assessment,” RP 
– Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of 
Environmental Quality, May 28, 2004. 

AMEC, 2004k.  Response to DEQ Letter Dated May 13, 2004, HDD and LADD Field Sampling Plan, 
RP – Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon 
Department of Environmental Quality, June 14, 2004. 

AMEC, 2004l.  Facility Structures IRAM Technical Memorandum, RP – Portland Site.  Prepared by 
AMEC Earth & Environmental, Inc., submitted to Oregon Department of Environmental Quality, June 
18, 2004. 

AMEC, 2004m.  Remaining Remedial Investigation Technical Memorandum Addendum, North Doane 
Lake Investigation, RP – Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to 
Oregon Department of Environmental Quality, July 9, 2004. 

AMEC, 2004n.  Second Quarter 2004 Progress Report for Remedial Investigation/ Feasibility Study, 
RP – Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon 
Department of Environmental Quality, July 9, 2004. 

AMEC, 2004o.  North Doane Lake Fish Reconnaissance Survey, RP – Portland Site.  Prepared by 
AMEC Earth & Environmental, Inc. submitted to Oregon Department of Environmental Quality, July 
19, 2004. 

AMEC, 2004p.  Revised North Doane Lake Level II Aquatic Ecological Risk Assessment, RP – 
Portland Site.  Prepared by AMEC Earth & Environmental, Inc. submitted to Oregon Department of 
Environmental Quality, August 3, 2004. 
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AMEC, 2004q.  West Doane Lake Leachability Analysis Technical Memorandum.  Prepared by AMEC 
Earth & Environmental, Inc., submitted to Oregon Department of Environmental Quality, August 6, 
2004. 

AMEC, 2004r.  Outfall 22B Camera Survey Results and Field Sampling Plan, RP – Portland Site.  
Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of Environmental 
Quality, August 16, 2004. 

AMEC, 2004s.  Final Historical Drainage Ditch and Lake Area Drainage Ditch Field Sampling Plan, 
RP – Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon 
Department of Environmental Quality, August 23, 2004. 

AMEC, 2004t.  Response to DEQ Letter Dated July 22, 2004, “Human Health Risk Assessment,” RP 
– Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of 
Environmental Quality, August 23, 2004. 

AMEC, 2004u.  Draft Non-Aqueous Phase Liquid Evaluation Report, RP – Portland Site.  Prepared by 
AMEC Earth & Environmental, Inc., submitted to Oregon Department of Environmental Quality, 
August 27, 2004.   

AMEC, 2004v.  Response to July 30, 2004 DEQ Questions, Facility Structures IRAM Technical 
Memorandum, RP – Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to 
Oregon Department of Environmental Quality, September 15, 2004. 

AMEC, 2004w.  Third Quarter 2004 Progress Report for Remedial Investigation/ Feasibility Study, RP 
– Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of 
Environmental Quality, October 11, 2004. 

AMEC, 2004x.  Spring 2004 Post-Characterization Groundwater Technical Memorandum, RP – 
Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of 
Environmental Quality, November 1, 2004. 

AMEC, 2004y.  Draft Lake Area Geophysical Survey Report and Intrusive Investigation Work Plan, 
RP – Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon 
Department of Environmental Quality, December 6, 2004. 
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AMEC, 2005a.  Fourth Quarter 2004 Progress Report for Remedial Investigation/ Feasibility Study, 
RP – Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon 
Department of Environmental Quality, January 11, 2005. 

AMEC, 2005b.  Installation of Additional Extraction Wells EW-1, EW-2, EW-3 (GETS IRAM), RP – 
Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of 
Environmental Quality, January 19, 2005. 

AMEC, 2005c.  Response to DEQ January 5, 2005 Letter, Draft Lake Area Geophysical Report and 
Intrusive Investigation Work Plan, RP – Portland Site.  Prepared by AMEC Earth & Environmental, 
Inc., submitted to Oregon Department of Environmental Quality, February 8, 2005.  

AMEC, 2005d.  Basalt Zone Groundwater Use Scenarios at the RP Property, Supplemental 
Comments to DEQ Letter Dated July 22, 2004, RP – Portland Site.  Prepared by AMEC Earth & 
Environmental, Inc., submitted to Oregon Department of Environmental Quality, February 23, 2005. 

AMEC, 2005e.  NAPL Monitoring Technical Memorandum, RP – Portland Site.  Prepared by AMEC 
Earth & Environmental, Inc., submitted to Oregon Department of Environmental Quality, March 11, 
2005.  

AMEC, 2005f.  Draft Outfall 22B Storm Sewer Sampling Report, RP – Portland Site.  Prepared by 
AMEC Earth & Environmental, Inc., submitted to Oregon Department of Environmental Quality, March 
24, 2005.  

AMEC, 2005g.  Groundwater Transport Evaluation Report, RP – Portland Site.  Prepared by AMEC 
Earth & Environmental, Inc., submitted to Oregon Department of Environmental Quality, March 28, 
2005.  

AMEC, 2005h.  Draft Historical Drainage Ditch and Lake Area Drainage Ditch Evaluation Report, RP 
– Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of 
Environmental Quality, March 29, 2005.  

AMEC, 2005i.  First Quarter 2005 Progress Report for Remedial Investigation/ Feasibility Study, RP – 
Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of 
Environmental Quality, April 11, 2005. 
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AMEC, 2005j.  Draft North Doane Lake Fish Tissue Sampling Work Plan, RP – Portland Site.  
Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of Environmental 
Quality, April 18, 2005. 

AMEC, 2005k.  Final Lake Area Geophysical Survey Report and Intrusive Investigation Work Plan, 
RP – Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon 
Department of Environmental Quality, May 3, 2005. 

AMEC, 2005l.  SLLI – DEQ April 20, 2005 Meeting, North Doane Lake Ecological Risk Assessment, 
RP – Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon 
Department of Environmental Quality, May 4, 2005. 

AMEC, 2005m.  Quality Assurance Project Plan Addendum No. 3, North Doane Lake 2005 Sampling 
Event Fish Tissue Sample Processing, Storage, and Analysis, RP – Portland Site.  Prepared by 
AMEC Earth & Environmental, Inc., submitted to Oregon Department of Environmental Quality, May 
10, 2005. 

AMEC, 2005n.  North Doane Lake Level III/IV Ecological Risk Assessment, Preliminary Endpoints 
and Associated Measures, RP – Portland Site.  Prepared by AMEC Earth & Environmental, Inc., 
submitted to Oregon Department of Environmental Quality, May 11, 2005.  

AMEC, 2005o.  Draft West Doane Lake Treatability Study Work Plan, RP – Portland Site.  Prepared 
by AMEC Earth & Environmental, Inc., submitted to Oregon Department of Environmental Quality, 
May 19, 2005. 

AMEC, 2005p.  Stage 1 Source Control Evaluation, RP – Portland Site.  Prepared by AMEC Earth & 
Environmental, Inc., submitted to Oregon Department of Environmental Quality, May 20, 2005. 

AMEC, 2005q.  Comments to DEQ Letter Dated October 15, 2004, North Doane Lake Level II Aquatic 
Ecological Risk Assessment, RP – Portland Site.  Prepared by AMEC Earth & Environmental, Inc., 
submitted to Oregon Department of Environmental Quality, June 2, 2005. 

AMEC, 2005r.  North Doane Lake Level III/IV Ecological Risk Assessment, Scope and Approach to 
Wildlife Habitat Assessment, RP – Portland Site.  Prepared by AMEC Earth & Environmental, Inc., 
submitted to Oregon Department of Environmental Quality, June 2, 2005. 
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AMEC, 2005s.  West Doane Lake Treatability Study Work Plan, RP – Portland Site.  Prepared by 
AMEC Earth & Environmental, Inc., submitted to Oregon Department of Environmental Quality, June 
27, 2005.  

AMEC, 2005t.  Draft Stage 1 Source Control Evaluation Work Plan, RP – Portland Site.  Prepared by 
AMEC Earth & Environmental, Inc., submitted to Oregon Department of Environmental Quality, July 1, 
2005.  

AMEC, 2005u.  Second Quarter 2005 Progress Report for Remedial Investigation/ Feasibility Study, 
RP – Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon 
Department of Environmental Quality, July 11, 2005. 

AMEC, 2005v.  Comments to DEQ Letter Dated June 30, 2005, North Doane Lake Fish Tissue 
Sampling, RP – Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon 
Department of Environmental Quality, July 27, 2005. 

AMEC, 2005w.  Greenway Review, Stage 1 Source Control Evaluation, RP – Portland Site.  Prepared 
by AMEC Earth & Environmental, Inc., submitted to City of Portland, Bureau of Development 
Services, August 10, 2005.  

AMEC, 2005x.  Response to DEQ’s April 4, 2005 Letter Titled North Doane Lake Data Validation: 
Rhône-Poulenc Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon 
Department of Environmental Quality, August 25, 2005.  

AMEC, 2005y.  Response to DEQ’s August 17, 2005 Letter Titled North Doane Lake Fish Tissue 
Sampling, RP – Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon 
Department of Environmental Quality, August 31, 2005.  

AMEC, 2005z.  NDL Sediment Sample Analytical Batch Quality Control Tables, RP – Portland Site.  
Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of Environmental 
Quality, September 12, 2005.  

AMEC, 2005aa.  Stage 1 Source Control Evaluation – Modification to Scope, Siltronic Property, RP – 
Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of 
Environmental Quality, September 22, 2005.  
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AMEC, 2005bb.  Electronic Copies of Documents Containing Information on the Link Between 
Chloralkali Manufacturing and Dioxins.  Prepared by AMEC Earth & Environmental, Inc., submitted to 
Oregon Department of Environmental Quality, September 27, 2005.  

AMEC, 2005cc.  Draft Outfall 22B Interim Remedial Action Measure Work Plan, RP – Portland Site.  
Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of Environmental 
Quality, October 5, 2005.  

AMEC, 2005dd.  Third Quarter 2005 Progress Report for Remedial Investigation/ Feasibility Study, 
RP – Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon 
Department of Environmental Quality, October 10, 2005. 

AMEC, 2005ee.  Final Stage 1 Source Control Evaluation Work Plan, RP – Portland Site,  Prepared 
by AMEC Earth & Environmental, Inc., submitted to Oregon Department of Environmental Quality, 
October 31, 2005. 

AMEC, 2005ff.  Final Outfall 22B Interim Remedial Action Measure Work Plan, RP – Portland Site.  
Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of Environmental 
Quality, November 11, 2005. 

AMEC, 2005gg.  Field Program Timing and Issues, RP – Portland Site.  Prepared by AMEC Earth & 
Environmental, Inc., submitted to Oregon Department of Environmental Quality, November 17, 2005. 

AMEC, 2005hh.  Spring 2005 Post-Characterization Groundwater Event Technical Memorandum, RP 
– Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of 
Environmental Quality, December 21, 2005. 

AMEC, 2006a.  Fourth Quarter 2005 Progress Report for Remedial Investigation/ Feasibility Study, 
RP – Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon 
Department of Environmental Quality, January 10.  2006. 

AMEC, 2006b.  Draft Lake Area Bioremediation Pilot Study and Colloid Evaluation Work Plan, RP – 
Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of 
Environmental Quality, January 17, 2006. 

AMEC, 2006c.  Lake Area Intrusive Investigation Technical Memorandum, RP – Portland Site.  
Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of Environmental 
Quality, January 26, 2006. 
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AMEC, 2006d.  Geotechnical Investigation Work Plan for Work Adjacent to WDL, RP – Portland Site.  
Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of Environmental 
Quality, February 27, 2006. 

AMEC, 2006e.  Response to DEQ’s November 2, 2005 Letter Titled Draft Historical Drainage Ditch 
and Lake Area Drainage Ditch Evaluation Report, RP – Portland Site.  Prepared by AMEC Earth & 
Environmental, Inc., submitted to Oregon Department of Environmental Quality, March 1, 2006. 

AMEC, 2006f.  Winter 2006 Groundwater Monitoring Work Plan, RP – Portland Site.  Prepared by 
AMEC Earth & Environmental, Inc., submitted to Oregon Department of Environmental Quality, March 
10, 2006. 

AMEC, 2006g.  Final Deterministic Baseline Human Health Risk Assessment, RP – Portland Site.  
Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of Environmental 
Quality, March 16, 2006. 

AMEC, 2006h.  Draft Expanded Lake Area Geophysical Survey Work Plan, RP – Portland Site.  
Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of Environmental 
Quality, March 27, 2006. 

AMEC, 2006i.  North Doane Lake Baseline Human Health Risk Assessment Work Plan, RP – 
Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of 
Environmental Quality, March 30, 2006. 

AMEC, 2006j.  Draft North Doane Lake Level III/IV Ecological Risk Assessment Analysis Plan for 
Piscivorous Birds and Mammals, RP – Portland Site.  Prepared by AMEC Earth & Environmental, 
Inc., submitted to Oregon Department of Environmental Quality, April 5, 2006. 

AMEC, 2006k.  First Quarter 2006 Progress Report for Remedial Investigation/ Feasibility Study, RP – 
Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of 
Environmental Quality, April 10.  2006. 

AMEC, 2006l.  Letter Addendum to the Quality Assurance Project Plan Addendum No. 3, RP – 
Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of 
Environmental Quality, May 8, 2006. 
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AMEC, 2006m.  Draft Lake Area Hydrologic Investigation Work Plan, RP –  Portland Site.  Prepared 
by AMEC Earth & Environmental, Inc., submitted to Oregon Department of Environmental Quality, 
May 16, 2006. 

AMEC, 2006n.  Response to DEQ's March 16, 2006 Letter Titled Lake Area Bioremediation Pilot 
Study, RP – Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon 
Department of Environmental Quality, May 19, 2006. 

AMEC, 2006o.  Stage 1 Source Control Evaluation Technical Memorandum, RP – Portland Site.  
Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of Environmental 
Quality, May 19, 2006. 

AMEC, 2006p.  DEQ Letter Dated March 6, 2006, City Outfall 22B Technical Memoranda, RP – 
Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of 
Environmental Quality, June 8, 2006. 

AMEC, 2006q.  Response to DEQ's April 6, 2006 Letter Regarding HDD/LADD Response to DEQ 
Comments, RP – Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon 
Department of Environmental Quality, June 8, 2006. 

AMEC, 2006r.  Draft Summer 2006 Groundwater Monitoring Event Work Plan, RP – Portland Site.  
Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of Environmental 
Quality, June 28, 2006.  

AMEC, 2006s.  Second Quarter 2006 Progress Report for Remedial Investigation/ Feasibility Study, 
RP – Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon 
Department of Environmental Quality, July 10.  2006. 

AMEC, 2006t.  Historical Aerial Photographs of North Doane Lake and Vicinity, RP – Portland Site.  
Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of Environmental 
Quality, July 19, 2006. 

AMEC, 2006u.  Draft Stage 2 Source Control Evaluation Work Plan – Siltronic Upland, RP – Portland 
Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of 
Environmental Quality, July 24, 2006.  
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AMEC, 2006v.  Winter 2006 Groundwater Data Submittal, RP – Portland Site.  Prepared by AMEC 
Earth & Environmental, Inc., submitted to Oregon Department of Environmental Quality, August 7, 
2006. 

AMEC, 2006w.  Stage 2 Source Control Evaluation – Modification to Scope, RP – Portland Site.  
Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of Environmental 
Quality, September 11, 2006.  

AMEC, 2006x.  Lake Area Hydrologic Investigation – Modification to Scope, RP – Portland Site.  
Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of Environmental 
Quality, September 20, 2006. 

AMEC, 2006y.  Third Quarter 2006 Progress Report for Remedial Investigation/ Feasibility Study, RP 
– Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of 
Environmental Quality, October 16, 2006. 

AMEC, 2006z.  Final Outfall 22B Interim Remedial Action Measure Work Plan Addendum, RP – 
Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of 
Environmental Quality, October 27, 2006. 

AMEC, 2006aa.  Final Outfall 22B Interim Remedial Action Measure Work Plan Second Addendum, 
RP – Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon 
Department of Environmental Quality, November 2, 2006. 

AMEC, 2007a.  Fourth Quarter 2006 Progress Report for Remedial Investigation/ Feasibility Study, 
RP – Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon 
Department of Environmental Quality, January 22, 2007. 

AMEC, 2007b.  Final Outfall 22B Interim Remedial Action Measure Work Plan Third Addendum, RP – 
Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of 
Environmental Quality, January 26, 2007. 

AMEC, 2007c.  Gould Site Storm Sewer Repair Notification, RP – Portland Site.  Prepared by AMEC 
Earth & Environmental, Inc., submitted to Oregon Department of Environmental Quality, February 2, 
2007. 
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AMEC, 2007d.  Expanded Lake Area Geophysical Survey Report, RP – Portland Site.  Prepared by 
AMEC Earth & Environmental, Inc., submitted to Oregon Department of Environmental Quality, 
February 14, 2007. 

AMEC, 2007e.  Slug Tests to be Conducted in Support of the North Front Avenue Interim Source 
Control Measure Work Plan, RP – Portland Site.  Prepared by AMEC Earth & Environmental, Inc., 
submitted to Oregon Department of Environmental Quality, March 1, 2007. 

AMEC, 2007f.  Lake Area Hydrologic Investigation Technical Memorandum, RP – Portland Site.  
Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of Environmental 
Quality, March 7, 2007. 

AMEC, 2007g.  Lake Area Bioremediation Pilot Study Modification, RP – Portland Site.  Prepared by 
AMEC Earth & Environmental, Inc., submitted to Oregon Department of Environmental Quality, March 
28, 2007. 

AMEC, 2007h.  Draft Spring 2007 Groundwater Monitoring Event Work Plan, RP – Portland Site.  
Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of Environmental 
Quality, April 4, 2007.  

AMEC, 2007i.  First Quarter 2007 Progress Report for Remedial Investigation/ Feasibility Study, RP – 
Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of 
Environmental Quality, April 10, 2007. 

AMEC, 2007j.  North Doane Lake Fish Tissue Sampling Field Event Technical Memorandum, RP – 
Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of 
Environmental Quality, April 26, 2007. 

AMEC, 2007k.  Gould Site Storm Sewer Second Phase Repair Notification, RP – Portland Site.  
Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of Environmental 
Quality, May 23, 2007. 

AMEC, 2007l.  Summer 2006 Groundwater Data Submittal, RP – Portland Site.  Prepared by AMEC 
Earth & Environmental, Inc., submitted to Oregon Department of Environmental Quality, June 13, 
2007. 
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AMEC, 2007m.  Lake Area Pilot Study Modification – Installation of Additional Well, RP – Portland 
Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of 
Environmental Quality, June 19, 2007. 

AMEC, 2007n.  Stage 2 Source Control Evaluation Technical Memorandum, RP – Portland Site.  
Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of Environmental 
Quality, June 21, 2007. 

AMEC, 2007o.  Stage 1 Source Control Evaluation – Modification to Scope, RP – Portland Site.  
Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of Environmental 
Quality, June 22, 2007. 

AMEC, 2007p.  Transducer Study and Slug Tests to Support the Remedial Investigation and the 
North Front Avenue Interim Source Control Measure, RP – Portland Site.  Prepared by AMEC Earth & 
Environmental, Inc., submitted to Oregon Department of Environmental Quality, June 28, 2007. 

AMEC, 2007q.  Second Quarter 2007 Progress Report for Remedial Investigation/ Feasibility Study, 
RP – Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon 
Department of Environmental Quality, July 9, 2007. 

AMEC, 2007r.  Draft North Front Avenue Interim Source Control Measure Work Plan RP – Portland 
Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of 
Environmental Quality, July 10, 2007. 

AMEC, 2007s.  Stage 1 Source Control Evaluation – Revised Modification to Scope, RP – Portland 
Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of 
Environmental Quality, July 12, 2007. 

AMEC, 2007t.  Draft Expanded Lake Area Intrusive Investigation Work Plan, RP – Portland Site.  
Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of Environmental 
Quality, August 2, 2007. 

AMEC, 2007u.  Stage 1 Source Control Evaluation, Task 3 Groundwater Monitoring Modification to 
Scope, RP – Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon 
Department of Environmental Quality, August 2, 2007. 
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AMEC, 2007v.  Response to DEQ comments, Stage 1 Source Control Evaluation Technical 
Memorandum, RP – Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to 
Oregon Department of Environmental Quality, August 14, 2007. 

AMEC, 2007w.  Site-Wide Conceptual Remedy Plan, RP – Portland Site.  Prepared by AMEC Earth & 
Environmental, Inc., submitted to Oregon Department of Environmental Quality, August 21, 2007. 

AMEC, 2007x.  Lake Area Pilot Study Modification to Include In-Situ Chemical Oxidation, RP – 
Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of 
Environmental Quality, August 27, 2007. 

AMEC, 2007y.  Draft West Doane Lake Engineering Evaluation/Cost Analysis, RP – Portland Site.  
Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of Environmental 
Quality, September 11, 2007. 

AMEC, 2007z.  Response to DEQ Email Regarding the Lake Area Pilot Study, RP – Portland Site.  
Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of Environmental 
Quality, September 20, 2007. 

AMEC, 2007aa.  Final Outfall 22B Interim Remedial Action Measure Work Plan Fourth Addendum, 
RP – Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon 
Department of Environmental Quality, September 21, 2007. 

AMEC, 2007bb.  Evaluation of Groundwater Discharge to the Willamette River, RP – Portland Site.  
Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of Environmental 
Quality, October 1, 2007. 

AMEC, 2007cc.  Third Quarter 2007 Progress Report for Remedial Investigation/ Feasibility Study, RP 
– Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of 
Environmental Quality, October 16, 2007. 

AMEC, 2007dd.  Evaluation of The Usability Of Groundwater Dioxin Data below the EPA Method 
1613B Minimum Level, RP – Portland Site.  Prepared by AMEC Earth & Environmental, Inc., 
submitted to Oregon Department of Environmental Quality, November 7, 2007. 

AMEC, 2007ee.  Response to DEQ November 28, 2007 Comment Letter, West Doane Lake – Draft 
Engineering Evaluation/Cost Analysis, RP – Portland Site.  Prepared by AMEC Earth & 
Environmental, Inc., submitted to Oregon Department of Environmental Quality, December 21, 2007. 
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AMEC, 2008a.  Northwest Drainage Pond Sampling Data Submittal, RP – Portland Site.  Prepared by 
AMEC Earth & Environmental, Inc., submitted to Oregon Department of Environmental Quality, 
January 14, 2008. 

AMEC, 2008b.  Spring 2007 Groundwater Data Submittal, RP – Portland Site.  Prepared by AMEC 
Earth & Environmental, Inc., submitted to Oregon Department of Environmental Quality, January 17, 
2008. 

AMEC, 2008c.  Fourth Quarter 2007 Progress Report for Remedial Investigation/ Feasibility Study, 
RP – Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon 
Department of Environmental Quality, January 25, 2008. 

AMEC, 2008d.  Draft Source Control Evaluation Report, RP – Portland Site.  Prepared by AMEC 
Earth & Environmental, Inc., submitted to Oregon Department of Environmental Quality, February 13, 
2008. 

AMEC, 2008e.  Expanded Lake Area Intrusive Investigation Field Summary Letter, RP – Portland 
Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of 
Environmental Quality, February 21, 2008. 

AMEC, 2008f.  Data Validation Report for the 2006 North Doane Lake Fish Tissue Sampling Event, 
RP – Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon 
Department of Environmental Quality, March 12, 2008. 

AMEC, 2008g.  Data Quality Assessment and Evaluation of the Usability of Insecticide Data from 
Groundwater Samples, RP – Portland Site.  Prepared by AMEC Earth & Environmental, Inc., 
submitted to Oregon Department of Environmental Quality, March 21, 2008. 
 

AMEC, 2008h.  Response to EPA Comments Transmitted by Email on the Evaluation of the Usability 
of Groundwater Dioxin Data Below the EPA Method 1613b Minimum Level, RP – Portland Site.  
Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of Environmental 
Quality, March 25, 2008. 

AMEC, 2008i.  Request for Approval, Deep Gravel Hydrogeologic Zone Pumping Test, North Front 
Avenue Interim Source Control Measure, RP – Portland Site.  Prepared by AMEC Earth & 
Environmental, Inc., submitted to Oregon Department of Environmental Quality, April 1, 2008. 
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AMEC, 2008j.  Response to DEQ March 6, 2008 Letter and Interim Measure Proposal, Doane Lake 
Interim Remedial Measures, RP – Portland Site.  Prepared by AMEC Earth & Environmental, Inc., 
submitted to Oregon Department of Environmental Quality, April 8, 2008. 

AMEC, 2008k.  First Quarter 2008 Progress Report for Remedial Investigation/ Feasibility Study, RP – 
Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of 
Environmental Quality, April 16, 2008. 

AMEC, 2008l.  Response to March 19 Letter on West Doane Lake Engineering Evaluation/Cost 
Analysis, RP – Portland ECSI Site No. 155.  Prepared by AMEC Earth & Environmental, Inc., 
submitted to Oregon Department of Environmental Quality, April 18, 2008. 

AMEC, 2008m.  Outfall 22B Interim Remedial Action Measure Technical Memorandum, RP – Portland 
Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of 
Environmental Quality, May 1, 2008. 

AMEC, 2008n.  NPDES Permit Renewal, Starlink Logistics, Inc., DEQ Site ID#: 74995, Permit #: 
101180, EPA #: OR0001741.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon 
Department of Environmental Quality, May 6, 2008. 

AMEC, 2008o.  Draft North Doane Lake Baseline Human Health Risk Assessment, RP – Portland 
Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of 
Environmental Quality, June 4, 2008. 

AMEC, 2008p.  West Doane Lake Phase 5 Treatability Study Work Plan, RP – Portland Site.  
Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of Environmental 
Quality, June 19, 2008. 

AMEC, 2008q.  SLLI Response to June 27, 2007 DEQ Comments – NDL Level III/IV Ecological Risk 
Assessment  Analysis Plan for Piscivorous Birds and Mammals, RP – Portland Site.  Prepared by 
AMEC Earth & Environmental, Inc., submitted to Oregon Department of Environmental Quality, June 
20, 2008. 

AMEC, 2008r.  Final Historical Drainage Ditch and Lake Area Drainage Ditch Evaluation Report, RP – 
Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of 
Environmental Quality, July 9, 2008. 
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AMEC, 2008s.  Second Quarter 2008 Progress Report for Remedial Investigation/ Feasibility Study, 
RP – Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon 
Department of Environmental Quality, July 9, 2008. 

AMEC, 2008t.  Lake Area Persulfate Pilot Study Technical Memorandum, RP – Portland Site.  
Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of Environmental 
Quality, July 22, 2008. 

AMEC, 2008u.  West Doane Lake Phase 5 Treatability Study Work Plan Addendum, RP – Portland 
Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of 
Environmental Quality, July 31, 2008. 

AMEC, 2008v.  City Outfall 22B Investigation and Remedy Status, RP – Portland Site.  Prepared by 
AMEC Earth & Environmental, Inc., submitted to Oregon Department of Environmental Quality, 
August 12, 2008. 

AMEC, 2008w.  Work Plan Storm Sewer Camera Survey Associated with City of Portland Outfall 22B, 
RP – Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon 
Department of Environmental Quality, October 1, 2008. 

AMEC, 2008x.  Revised West Doane Lake Geotechnical Investigation Report, RP – Portland Site.  
Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of Environmental 
Quality, October 3, 2008. 

AMEC, 2008y.  Third Quarter 2008 Progress Report for Remedial Investigation/ Feasibility Study, RP 
– Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of 
Environmental Quality, October 10, 2008. 

AMEC, 2008z.  Response to DEQ Review of WDL Screening Criteria Letter, Dated December 10, 
2008, RP – Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon 
Department of Environmental Quality, December 24, 2008. 

AMEC, 2009a.  November 25, 2008 DEQ Meeting Summary, Background Metals Evaluation, Source 
Control Evaluation, RP – Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to 
Oregon Department of Environmental Quality, January 8, 2009. 
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AMEC, 2009b.  Revised JSCS SLV Screening Flowchart and Tracking Table, Final Source Control 
Evaluation Report, RP – Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to 
Oregon Department of Environmental Quality, January 12, 2009. 

AMEC, 2009c.  Fourth Quarter 2008 Progress Report for Remedial Investigation/ Feasibility Study, 
RP – Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon 
Department of Environmental Quality, January 15, 2009. 

AMEC, 2009d.  Initial Deep Gravel Hydrogeologic Zone Pumping Tests Technical Memorandum and 
Extended Pumping Test Work Plan, RP – Portland Site.  Prepared by AMEC Earth & Environmental, 
Inc., submitted to Oregon Department of Environmental Quality, January 19, 2009. 

AMEC, 2009e.  Final West Doane Lake Engineering Evaluation/Cost Analysis, RP – Portland Site.  
Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of Environmental 
Quality, February 12, 2009. 

AMEC, 2009f.  January 13, 2009 DEQ Meeting Summary, JSCS SLV Screening Process, Source 
Control Evaluation, RP – Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to 
Oregon Department of Environmental Quality, February 13, 2009. 

AMEC, 2009g.  Notice of Minor Modification to NPDES Treatment System Surface Water Collection 
System, RP - Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon 
Department of Environmental Quality, February 16, 2009. 

AMEC, 2009h.  Recent DEQ Letters Regarding the North Doane Lake Risk Assessment Process, RP 
– Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of 
Environmental Quality, February 17, 2009. 

AMEC, 2009i.  2008 Outfall 22B Manhole and Catch Basin Sampling Data Submittal, RP – Portland 
Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of 
Environmental Quality, March 5, 2009. 

AMEC, 2009j.  Expanded Lake Area Intrusive Investigation Technical Memorandum, RP – Portland 
Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of 
Environmental Quality, March 9, 2009. 
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AMEC, 2009k.  Response to DEQ Comments, Revised JSCS SLV Screening Flow Chart, Final 
Source Control Evaluation Report, RP – Portland Site.  Prepared by AMEC Earth & Environmental, 
Inc., submitted to Oregon Department of Environmental Quality, March 20, 2009. 

AMEC, 2009l.  DEQ Review of Northwest Drainage Pond Sampling Data Submittal, RP – Portland 
Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of 
Environmental Quality, March 23, 2009. 

AMEC, 2009m.  Draft Outfall 22B Pre-Remedy Investigation Work Plan, RP – Portland Site.  Prepared 
by AMEC Earth & Environmental, Inc., submitted to Oregon Department of Environmental Quality, 
April 3, 2009. 

AMEC, 2009n.  Draft Outfall 22B Expanded Interim Remedial Action Measure Work Plan, RP – 
Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of 
Environmental Quality, April 6, 2009. 

AMEC, 2009o.  Response to DEQ Letter dated November 14, 2006, Proposed Approach for Revised 
Final Human Health Risk Assessment, RP – Portland Site.  Prepared by AMEC Earth & 
Environmental, Inc., submitted to Oregon Department of Environmental Quality, April 7, 2009. 

AMEC, 2009p.  Determination of Site-Specific Inorganic Background Concentrations in Groundwater, 
Final Source Control Evaluation Report, RP – Portland Site.  Prepared by AMEC Earth & 
Environmental, Inc., submitted to Oregon Department of Environmental Quality, April 8, 2009. 

AMEC, 2009q.  First Quarter 2009 Progress Report for Remedial Investigation/ Feasibility Study, RP 
– Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of 
Environmental Quality, April 9, 2009. 

AMEC, 2009r.  Remedial Investigation Report Scoping Document, RP – Portland Site.  Prepared by 
AMEC Earth & Environmental, Inc., submitted to Oregon Department of Environmental Quality, April 
30, 2009. 

AMEC, 2009s.  Response to DEQ March 11, 2009 Comments, Deep Gravel Hydrogeologic Zone 
Pumping Test Technical Memorandum and Extended Pumping Test Work Plan, RP – Portland Site.  
Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of Environmental 
Quality, April 30, 2009. 
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AMEC, 2009t.  Analytical Methods for PCDD/PCDFs and OCIs, RP – Portland Site.  Prepared by 
AMEC Earth & Environmental, Inc., submitted to Oregon Department of Environmental Quality, May 
1, 2009. 

AMEC, 2009u.  Draft 2009 Groundwater Monitoring Event Work Plan, RP – Portland Site.  Prepared 
by AMEC Earth & Environmental, Inc., submitted to Oregon Department of Environmental Quality, 
May 1, 2009. 

AMEC, 2009v.  Response to LSS Memorandum Dated July 18, 2008, Draft Source Control Evaluation 
Report, RP – Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon 
Department of Environmental Quality, May 4, 2009. 

AMEC, 2009w.  Addendum to the Final West Doane Lake Engineering Evaluation/Cost Analysis, RP 
– Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of 
Environmental Quality, May 11, 2009. 

AMEC, 2009x.  Response to Re: West Doane Lake Interim Remedial Action, RP – Portland Site.  
Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of Environmental 
Quality, May 11, 2009. 

AMEC, 2009y.  Draft North Doane Lake Toxicity Reference Values, RP Site, Portland, Oregon.  
Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of Environmental 
Quality, May 29, 2009. 

AMEC, 2009z.  Second Addendum to the Final West Doane Lake Engineering Evaluation/Cost 
Analysis, RP – Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon 
Department of Environmental Quality, June 5, 2009. 

AMEC, 2009aa.  Draft West Doane Lake Interim Remedial Action Measure Work Plan, RP – Portland 
Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of 
Environmental Quality, June 19, 2009. 

AMEC, 2009bb.  Stage 1 Source Control Evaluation Beach Area Technical Memorandum, RP – 
Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of 
Environmental Quality, July 8, 2009. 
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AMEC, 2009cc.  Second Quarter 2009 Progress Report for Remedial Investigation/ Feasibility Study, 
RP – Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon 
Department of Environmental Quality, July 14, 2009. 

AMEC, 2009dd.  Mixing Methodology Comparison, West Doane Lake IRAM, RP - Portland Site.  
Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of Environmental 
Quality, July 15, 2009. 

AMEC, 2009ee.  Transducer Study and Slug Tests Technical Memorandum, North Front Avenue 
Interim Source Control Measure, RP - Portland Site.  Prepared by AMEC Earth & Environmental, Inc., 
submitted to Oregon Department of Environmental Quality, August 4, 2009. 

AMEC, 2009ff.  Second Quarter 2009 EPT Progress Report, North Front Avenue Interim Source 
Control Measure Extended Pumping Test, RP – Portland Site.  Prepared by AMEC Earth & 
Environmental, Inc., submitted to Oregon Department of Environmental Quality, August 12, 2009. 

AMEC, 2009gg.  Gould Site Storm Sewer Third Phase Repair Notification, RP - Portland Site.  
Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of Environmental 
Quality, August 26, 2009. 

AMEC, 2009hh.  Quality Assurance Project Plan 2009 Update, Remedial Investigation Activities, RP - 
Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of 
Environmental Quality, September 16, 2009. 

AMEC, 2009ii.  Third Quarter 2009 Progress Report for Remedial Investigation/ Feasibility Study, RP 
– Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of 
Environmental Quality, October 9, 2009. 

AMEC, 2009jj.  Groundwater Flow Model Technical Memorandum, North Front Avenue Interim 
Source Control Measure, RP – Portland Site.  Prepared by AMEC Earth & Environmental, Inc., 
submitted to Oregon Department of Environmental Quality, October 15, 2009. 

AMEC, 2009kk.  Capture Zone Analysis Letter, Initial Deep Gravel Hydrogeologic Zone Pumping 
Tests, North Front Avenue Interim Source Control Measure, RP – Portland Site.  Prepared by AMEC 
Earth & Environmental, Inc., submitted to Oregon Department of Environmental Quality, October 16, 
2009. 
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AMEC, 2009ll.  Outfall 22B Storm Sewer Pre-remedy Investigation Technical Memorandum, RP – 
Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon Department of 
Environmental Quality, October 21, 2009. 

AMEC, 2009mm.  Response to DEQ Comments, Revised JSCS SLV Screening Flowchart and 
Tracking Table, Final Source Control Evaluation Report, RP – Portland Site.  Prepared by AMEC 
Earth & Environmental, Inc., submitted to Oregon Department of Environmental Quality, October 21, 
2009. 

AMEC, 2009nn.  Response to DEQ Comments, Re: DEQ Review of “Lake Area Persulfate Pilot Study 
Technical Memorandum,” RP – Portland Site.  Prepared by AMEC Earth & Environmental, Inc., 
submitted to Oregon Department of Environmental Quality, October 22, 2009. 

AMEC, 2009oo.  Revised Final Historical Drainage Ditch and Lake Area Drainage Ditch Evaluation 
Report, RP – Portland Site.  Prepared by AMEC Earth & Environmental, Inc., submitted to Oregon 
Department of Environmental Quality, October 30, 2009. 

AMEC, 2009pp.  Third Quarter 2009 EPT Progress Report, North Front Avenue Interim Source 
Control Measure Extended Pumping Test, RP – Portland Site.  Prepared by AMEC Earth & 
Environmental, Inc., submitted to Oregon Department of Environmental Quality, October 30, 2009. 

AMEC, 2009qq.  Response to DEQ’s September 21, 2009 Letter re: “Final Deterministic Baseline 
Human Health Risk Assessment,” RP – Portland Site.  Prepared by AMEC Earth & Environmental, 
Inc., submitted to Oregon Department of Environmental Quality, November 9, 2009. 

AMEC, 2009rr.  Addendum to the 2009 Groundwater Monitoring Event Work Plan, Proposed 
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20.0 LIMITATIONS 

This report was prepared exclusively for StarLink Logistics, Inc. (StarLink) by 
AMEC Earth & Environmental, Inc.  The quality of information, conclusions, and estimates contained 
herein is consistent with the level of effort involved in AMEC services and based on:  i) information 
available at the time of preparation, ii) data supplied by outside sources, and iii) the assumptions, 
conditions, and qualifications set forth in this report.  This RI/SCE Report is intended to be used by 
StarLink for the RP - Portland Site, 6200 N.W. St. Helens Road, Portland, Oregon only, subject to the 
terms and conditions of its contract with AMEC.  Any other use of, or reliance on, this report by any 
third party is at that party’s sole risk. 
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Stratigraphy between depicted borings is interpreted from additional borings not shown on this cross section.
Stratigraphy at borings shown on cross section may incorporate observations from multiple borings at a single well cluster.
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Stratigraphy between depicted borings is interpreted from additional borings not shown on this cross section.
Stratigraphy at borings shown on cross section may incorporate observations from multiple borings at a single well cluster.
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Stratigraphy between depicted borings is interpreted from additional borings not shown on this cross section.
Stratigraphy at borings shown on cross section may incorporate observations from multiple borings at a single well cluster.
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Stratigraphy at borings shown on cross section may incorporate observations from multiple borings at a single well cluster.
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Stratigraphy between depicted borings is interpreted from additional borings not shown on this cross section.
Stratigraphy at borings shown on cross section may incorporate observations from multiple borings at a single well cluster.
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Stratigraphy between depicted borings is interpreted from additional borings not shown on this cross section.
Stratigraphy at borings shown on cross section may incorporate observations from multiple borings at a single well cluster.
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Artificial Fill Monitoring Well Location
   Water Level Elevation (Feet, COPD**)
   Hydraulic Conductivity (feet / day)

Artificial Fill Monitoring Well Location Installed After May 2007

Artificial Fill Monitoring Well Replaced in 2009
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Notes:
 **  City of Portland Datum
Water levels were collected May 7-8, 2007 during a DEQ-coordinated cooperative water level
event by representatives of StarLink, Siltronic, Arkema, Gasco, Kinder-Morgan, and GS-Roofing.
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Water levels were collected May 7-8, 2007 during a DEQ-coordinated cooperative water
level event by representatives of StarLink, Siltronic, Arkema, Gasco, Kinder-Morgan,
and GS-Roofing.
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Notes:
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CRBG INTERPRETIVE MAP

NAD83 / OR SP N Int Ft
DATUM / PROJECTION:

OCTOBER 2010
DATE DRAWN:

REPORT:

TITLE:

Earth & Environmental
7376 S.W. Durham Road

Portland, OR. U.S.A. 97224

DRAWN BY:

QC BY:

PROJECT NO:

CJ / DMF

061M107030.0202.001

BRJ/PM

400' 600'200'0' RI / SCE REPORT
RP - PORTLAND SITE

RP-17-145

LEGEND

Tax Lot Boundary & Existing Features

Surface Water Features

Railroad Tracks

Piping features associated with City Outfall 22C

Potentiometric Surface (Feet, COPD**)

Notes:
 **  City of Portland Datum
Water levels were collected May 7-8, 2007 during a DEQ-coordinated cooperative water level event
by representatives of StarLink, Siltronic, Arkema, Gasco, Kinder-Morgan, and GS-Roofing.

24

RP-25-30

Columbia River Basalt Group (CRBG) Monitoring Well Location
   Water Level Elevation (Feet, COP**)
   Hydraulic Conductivity (feet / day)

CRBG Monitoring Well Location Installed After May 2007

Well Sreened in the Alluviual-Colluvial Gravel and CRBG*

Downward vertical gradient from CRBG to CRBG

Upward vertical gradient from CRBG to Fine-Grained Alluvium
or Alluviual-Colluvial Gravel

Approximate / Projected Fault Location at the CRBG Surface

(21.74)
20



BNSF
PROPERTY

SILTRONIC
PROPERTY

RP PROPERTY
(NPA)BNSF

HWY
30

WILLAMETTE    RIVER
(OHWL)

36

32

28

24

20

16

12

-90

-80

-70

E
LE

V
A

TI
O

N
 (F

ee
t)

-60

-50

-40

-30

-20

-10

0

10

20

30

40

50

(VIEW TO THE WEST)

-110

-100

E
LE

V
A

TI
O

N
 (F

ee
t)

-90

-80

-70

-60

-50

-40

-30

-20

-10

0

10

20

30

40

50

-110

-100

-120

-140

-130

-120

-140

-130

ESCO
PROPERTY J'J

NORTHSOUTH

Artificial Fill

Fine-Grained
Alluvium

Alluvial-Colluvial
Gravel

Undifferentiated
CRBG

Undifferentiated
CRBG

1418

22

26

34

38

30

30

Regional

Groundwater Flow

BNSF Property Boundaries (Approximate)

Ordinary High Water Line (16 feet, City of Portland Datum)

Inferred Lithologic Contact

Water Table

Generalized Groundwater Flow Path

Inferred Groundwater Contours in Feet

OHWL

LEGEND

CRBG = Columbia River Basalt Group

FIGURE 6-V
LOCAL GROUNDWATER FLOW

City of Portland
VERTICAL DATUM:

OCTOBER 2010
DATE DRAWN:

REPORT:

TITLE:

Earth & Environmental
7376 S.W. Durham Road

Portland, OR. U.S.A. 97224

DRAWN BY:

QC BY:

PROJECT NO:

PT / MP / CJ

061M107030.0202.001

LR / BRJ

300' 450'150'0' RI / SCE REPORT
RP - PORTLAND SITE

17



FIGURE 7-A
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FIGURE 10-A
ZONING AND OVERLAY ZONES
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Current zoning and overlay zones from the River Plan/North Reach Recommended Draft, Volume 1B, Map #1: Existing Overlay Zones, City
of Portland Bureau of Planning and Sustainability, November 2009.

Future zoning and overly zones from the River Plan/North Reach Recommended Draft, Volume 1B, Map #2: Proposed Overlay Zones, City of
Portland Bureau of Planning and Sustainability, November 2009, and from the Agreement for Development Between the City of Portland and
Siltronic Corporation (page 31, River Plan/North Reach Proposed Zoning, Map 1
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FIGURE 16-C
OUTFALL 22C SCE SCREENING
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FIGURE 16-D
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Project: RPAC 

Project Location: 
Project Number: 

Portland, Oregon 
92C0804A-20A 

Well Location 20 It N of BST2W-61.0 

Installed By Tacoma Pump & Drilling I Observed By 

MONITORING WELL 
CONSTRUCTION LOG 
FOR WELL AL2-17.0 

I Dete(s) Installed 3/9/95 

L. Gardiner [ Total Depth (ft bgs) 17.5 

Method of Installation Standard, using cable tool rig; backfill tremied to surface 

' Screened Interval 7.0 • 17.0 It bgo I Completion Zone Shallow alluvium 

Notes: Elevation& are reported in ft CPO, or feet above City of Portland Datum {ft CPO - 1.375 ft + ft MSL). Depths are given 
in 1, bge, or feet below ground surface. 

Boring D,ameter(sJ: 

6 in., 0-17 .5 ft bgs 

Strap-on Central1zer(sl at: 

7,17.5frbgs 

NOTE: DIAGRAM IS NOT TO SCALE 

~-----Elevation of Top of Riser Pipe: 41.77ftCPD 

Height of Riser Above Ground Surlece: 2.69 ,, 

~round Elevation: 39.08 tr CPD 

Type of Surface Casing: 
~: .. f------j 8-in.-dia. lockable steel surface monument 

ffi=B-4-__J Type of Surface Seal: 
I Concrete 

~0::=14----0epth of Surface Seal: ,vs 
i I« 
//,;," ID/Type of Riser Pipe: 
[io,.f,~~,----INominal 2-in. threaded Schedule 80 PVC '%{ ;I 
©%1'~f-------jType of Backfill: 

Not applicable 

+---,Depth of Seal: 

f------jType of Seal: 
3/4-in. bentonite chips 

'4-----IOepth of Top of Filter Pack: 

:;::J)\il'4-----10epth of Top of Screen: 

ID/Type of Screen: 

L>f:=i~+------JNominal 2-in. Schedule 80 PVC 
Screen Slot Size: 
0.010-in. 

>'~~fi•·~----D,epth of Bottom of Screen: 

epth of Bottom of Plugged Blank Casing: 

Type/Depth of Backfill/Seal Below Well: 
10-20 Colorado silica sand 

Total Depth of Baring: 

2.0 ft 

2.0 ft 

5.0 ft 

7.0 ft 

17 .0 ft 

17.4 ft 

17.5 ft 

P,m,od 5/29/96, P,,, RPACP, r.mplo lWELLA Woodward-Clyde Consultants Cl _____________ _, 



Project: RPAC 
Project Location: 
Project Number: 

Portland, Oregon 
92C0804A-20A 

Well location 10 ft S of BST2W-61.0 

Installed By Tacoma Pump & Drilling ! Obsarvad By 

I 

MONITORING WELL 
CONSTRUCTION LOG 
FOR WELL AL2-32.5 

I Date(s) Installed 3/6195 • 317 /95 

L Gardiner I Total Depth 1ft bgsl 33.0 

Method of !nstai!ation Standard. using ·e:ble tool rig; b•ckfill tremted to aurfaee 
·-

Screened Interval 27.5 • 32.5 ft bg• I Completion Zone intermediate alluvium 

Notes; Etevation.s are reported in ft CPO, or feet above City of Portland Datum ift CPD = 1.375 ft + f1 MSLI. Depths ate given 
in ft bgs, or feet below ground surface. 

~D,ameter{s): 

: 8 in., 0-33 ft bgs 

I 

I Strap·on Centralizerbl at: 

15, 27 .5, 32.5 ft bgs 

NOTE: DIAGRAM IS NOT TO SCALE 

~-----Elevation of Top of Riser Pipe: 41.41 It CPD 

--Haight of Riser Above Ground Surface: 2.32 ft 

39.09 ft CPD 

Type of Surface Casing: 
:M----l S~in.~dia. lockable steel 1turftto. monument 

!E/!----ilDlrype of Riser Pipe: 
Nominal 2~1n. threaded Sohedure 80 PVC 

10/Type of Screen: 

&---! 
Nominal 2·1n. Schedule SO PVC 

epth of Bottom ol Screen; 

•f,,l~--{;)epth of Bottom of Plugged Blank Casing: 

I i T ype/Oepth of Backfill/Seal Below We!I: 
I 10~20 Colorado a:i1ica sand 

C---T n,•nl Depth of Boring: 

2.0 ft 

22.5 ft 

25.5 ft 

27.5 ft 

32.5 ft 

32.9 ft 

33.0 ft 

~,,,,...,.-,.....,.-=51"°29"'19°"s-, -=.,-, "'RP"'A"'C?,-; -=r,-rn-pl-, ,~WE=ll~A -Woodward-Clyde Consultants fl -----------~ 



Project: RPAC 
Project Location: 
Project Number: 

Portland, Oregon 
92C0804A-20A 

Welt Location 10 ft N of B5T2W-61 .0 

Installed By Tacoma Pump & Drilling I Observed By 

MONITORING WELL 
CONSTRUCTION LOG 
FOR WELL AL2-46.0 

I Oate\s) Installed 3/8/95 · 3/9/95 

L. Gardiner I Total Depth !ft bgsl 46.5 

Method of Installation Standard, U9i1· !] c8ble tool rig; backfill tremied to surface 

Screened Interval 40.0 - 46.0 ft bga I Completion Zone Deep alluvium 

Notes: Elevations are reported in ft CPO. or feet above City of Portland Datum (ft CPO - 1 .375 ft + ft MSL). Depths are given 
in ft bgs, or feet below ground sudacl!!I. 

Boring Diameter(s): 

10 in., 0-31 ft bgs 

6 in .. 3146.5 ft bgs 

Strap-on Centralizer(s) at: 

None 

NOTE: DIAGRAM IS NOT TO SCALE 

~------!Elevation of Top of Riser Pipe: 41.77ftCPD 

Height of Riser Above Ground Surface: 2.63 ft 

~round Elevation: 39.14 ft CPD 

1 Type of Surface Casing: 
l:l:\:l<I~--, 8-in.-dia. lockeble steel 9urface monument 

Type of Surface Seal: 
l'::::'1-<I----, Concrete 0-4 ft. bent. chips 4-7 ft 

l;;,;#,1----Depth of Surface Seal: 

~ ID/Type of Riser Pipe: 
f?J.~lli'.£'1: ~-----,Nominal 2-in. thre8ded Schedule 80 PVC 

I Type of Backfill: 
High-solids bentonite grout 

4----IDepth of Seal: 

Type of Seal: 
f-----,3/4-in. bentonite chips 

4----IDepth of Top of Filter Pack: 

i...~---1Depth of Top of Screen: 

Type of Filter Pack: 
J-----1, 0-20 Colorado silica sand 

10/Typa of Screen: 
Nominal 2-in. Schedule 80 PVC 

I-----, 
Screen Slot Size: 
0.010-in. 

l=~Dl+--~IDepth of Bottom of Scraan: 

Depth of Bottom of Plugged Blank Casing: 

Type/Depth of Backfill/Seal Below Well: 
10-20 Colorado silica sand 

Total Depth of Boring: 

7.0 ft 

35.0 ft 

37.0 ft 

40.0 ft 

46.0 ft 

46.4 ft 

46.5 ft 

'"""' 6129195: ''" RPACP: TompF IWELLA Woodward-Clyde Consultants e '-----------------' 



Project: RPAC 
Project Location: 
Project Number: 

Portland, Oregon 

92C0804A-20A 

MONITORING WELL 
CONSTRUCTION LOG 
FOR WELL AL5-19.0 

Well Location 10 ft N of BSTSW-74.5. in RPAC Lake Area I Oate(s) Installed J/8/95 - J/9/95 

\nsralled By Tacoma Pump & Drilling I Observed By L. Gardiner I Total Depth (ft bgs) 19.5 

Method of Installation Standard, using cable tool rig; backfill tremied to surface 

Screened Interval 9.0 - 19.0 h bgo I Completion Zone Shallow alluvium 

Notes: Elevations are reported in ft CPO, or feet above City of Portland Datum {ft CPD - 1.375 ft + ft MSL). Depths are given 
in ft bgs, or feet below ground surface. 

Boring Diameter Isl: 

6 in., 0-19.5 ft bgs 

~--_J 

Strap-on Centralizer(s) at: 

9, 19.5 ft bgs 

NOTE: DIAGRAM IS NOT TO SCALE 

~-----Elevation of Top of Riser Pipe: 40.07 fl CPD 

~--Height of Riser Above Ground Surface: 2.10 ft 

~round Elevation: 37 .97 ft CPD 

lli:1'1f------1 Type of Surface Casing: 
8-in.-dia. lockable steel 9Urface monument 

ffi'f!,,,1------IType of Surface Seal: 
Concrete 

IO(fype of Riser Pipe: 
~!1--------.jNominal 2·in. threaded Schedule 80 PVC 

,)1-oof------Oepth of Seal: 

:iii-----jType of Sea[: 
3/4-in. bentanite chips 

:f'"oj<of------Oepth of Top of Filter Pack: 

t?i.----Oepth at Top of Screen: 

Typa of Filter Pack: 
10-20 Colorado silica sand 

IO(fype of Screen: 
+-------,Nominal 2-in. Schedule 80 PVC 

Screen Slot Size: 
0.010-in. 

'ij;::::yJ..,1-----IOepth of Bottom of Screen: 

J~=::;--IDepth of Bottom of Plugged Blank Casing: 

Type/Depth of Backfill/Seal Below Well: 
10-20 Colorado silica sand 

Lrotal Depth of Boring: 

2.0 ft 

4.0 ft 

7.0 ft 

9.0 fl 

19.0 fl 

19.4 ft 

19.5 ft 

P,mtod 6129195, "'' RPACP, Tompl, 1WEllA Woodward-Clyde Consultants e 

l 
I 



Project: RPAC 
Project Location: 
Project Number: 

Portland, Oregon 
92C0804A-20A 

MONITORING WELL 
CONSTRUCTION LOG 
FOR WELL AL5-35.0 

Well Location 20 ft N of BST5W-74.5, E of BS•-3, in RPAC Lake Area I Oate(sl Installed 3/10/95 

Installed By Tacoma Pump & Drilling I Observed By L. Gardiner I Total Depth (ft bgs) 35.8 

Method of Installation Standard, using cable tool rig; backfill tremied to surface 

Screened Interval 29.0 · 35.0 It bgs I Completion Zone Intermediate alluvium 

Notee: Elevations are reported in ft CPD. or feet above City of Portland Datum (ft CPD ~ 1.375 ft + ft MSU. Depths are given 
in ft bgs, or fear below ground surface. 

Boring Diameter(s): 

1 O in., 0-30.5 ft bgs 

6 in .. 30.5-35.8 ft bgs 

Strap-on Centralizeds) at: 

29, 35.5 ft bgs 

NOTE: DIAGRAM IS NOT TO SCALE 

-------Elevation of Top of Riser Pipe: 39.54 ft CPD 

---Height of Riser Above Ground Surface: 2.10 ft 

~round Elevation: 37.40 ft CPD 

t;ct;J.ii~-----j Type of Surface Casing: 
8-in.-dia. lockable steel surface monument 

r+i=i!-1----JType of Surface Seal: 
Concrete 

-4----Depth of Surface Seal: 

-----IIO{Type of Riser Pipe: 
Nominal 2-in. threaded Schedule 80 PVC 

.,_ ___ _,Type of Backfill: 
High-solids bentonite grout 

4-------IOepth of Seal: 

1--------,Type of Seal: 
3/4-in. bentonite chips 

4-------IDepth of Top of Filter Pack: 

Depth of Top of Screen: 

Type of Filter Pack: 
.,.._ ___ ....j 10-20 Colorado silica aand 

IO{Type of Screen: 
Nominal 2-in. Schedule 80 PVC 

Screen Slot Size: 
0.010-in. 

-¥\'\f,1------Depth of Bottom of Screen: 

~-:=:=:----ID,epth of Bottom of Plugged Blank Casing: 

Type/Depth of Backfill/Seal Below Well: 
10-20 Colorado silica sand 

L__ Total Depth of Boring: 

2.0 It 

25.0 ft 

27.0 ft 

29.0 ft 

35.0 ft 

35.4 ft 

35.8 ft 

'"""' 6,29/95, '"' APACPc Tompl, IWELLA Woodward-Clyde Consultants Ci,---------------' 



Project: RPAC 
Project location: 
Project Number: 

Portland, Oregon 
92C0804A-20A 

MONITORING WELL 
CONSTRUCTION LOG 
FOR WELL AL5-62.0 

Well Location 30 ft N of BSTSW~74.5, in RP.i\.C lake Area Date(sl Installed 3115195 • 3/16/95 

lnstallad By T fUX>ma Pump & Drilling j Observed 9y J. Well• ! Total Depth (ft bgs) 62.5 

'. Mathod of Installation Stimderd, u:sing cabte tool rig; backfill tremied to surface 

Screened Interval 52.0 · 62.0 ft bg• Completion Zane Deep alluvium 

Etevatians are reported in tt CPO. or feet above C.ity of Portland D..tum if1 CPO 1.375 ft + ft MSLI. OePths are given 
in ft bgs, or f&el below ground surface, 

Notes: 

Boring D,ameter(s): 

8 in., 0-30 It bgs 

6 in., 30-62.5 It bgs 

Strap-on Centralizerfs) at: 

30. 52, 62 ft bgs 

NOTE: OCAGRAM IS NOT TO SCALE 

,------Erevation of Top of Riser Pipe: 39.59 ft CPO 

-------Height of Riser Above Ground Surface: 2.33 f( 

• ·····-Ground Elevation: 37.26 ft CPD 

of Surface Casing: 
8~in.~dia. fockeble steel aurface monumenl 

i Type of Surface Seal: 
F&r,-.---iCnncrete 0·3 ft, 3/4-in. bent. chips 3-25 h i 

~!il-----li ID/Type of Riser Pipe: 
I Nominal 2·in. threaded Schedul~ 80 PVC 

.-----,i Type of Backfill: 
i High-solids bentonite grout 

~---iDepth of Top of Filter Pack: 

+---,Depth of Top of Screen: 

Tyr:ie of Fiher Pack: 
+----110~20 Colorado silica sand 

ID/Type of Screen: 
Nominal 2~in. Sehedul.e 80 PVC 

!-"~J-----4 
Screen Slot Size: 
0.010-in. 

;+----Depth of Bottom of Screen: 

!+---Depth ot Bottom of Plugged Blank c.,sil1g: 

ITvPetDep:th of BecJdilf/Seal Below Well; 
10~20 Colorado s.nica sand 

25.D h 

46.0 ft 

50.0 ft 

52.0 ft 

62.0 ft 

62.4 ft 

62.5 ft 

! 

L.,. .. -~ .. -.-.,..,2,.,9-,9"'"s,-,,,,.-, "'••'"'•"'"cP'"', ""'r,-.m-,.,..,,.,,,w.=c,'"'A-Woodward-Clyd e Consultants Cl -------------' 



Project: RPAC 
Project Location: 

Project Number: 

Portland, Oregon 

92C0804A-20A 

Log of Boring AL6-0 
Sheet 1 of 6 

~;:~::

1 

c
1 

a
1
b
12

1.
8
;0

5
01- l l/G/BS ·····-- i ~~:g:i: & /M' KehSSIH~b ~ I, I Jl--

1

1 !::~::" Sur~-N---~ 
Merr'.od _______ "'___ I S1te1Typa ot er u bard C -· s;, !Z!i •a Elevation (fr CPD! ~va1lable 

Drill Rig ~ 0flll!ng T Total Depth O 
Type Cable Tool Rig / Company acoma Pump & Dnlhng ____J?r.ilea lfi tigsJ 1 7 5 

Diam1.:,tet ol 10. 8 Diameter of 2 ..... h • ....iw.JtNumber Split-s:poon 53 Core barrel: 0 Sampler 3"1nch~OO split spoon I 
HOie i!OCl".ES) ' Well (inches) ~f Samples Type J..;nch-OD Mod Cal I 

Type~- 10 20 -~--.-r---- : Type of Threaded Schedule 80 PVC ( Sere·~·~···· 0,010>n•h 
, Sand Pack ' 0 a,a O SI ica We!I Casing Perforatmn ' ,,,. 

' 4 

8 

I •.·.• 

-+---+-·--Ii ~H 

I i 
! 

I 

GP 

I 

~iJ,") lJ ~j 

Very dense. wet, reddis'l t:rown, poorly gradeo GRAVEL wirl"t SANO; 
detms !bncl<) \Fill]. 

Medium dense, moist, gray, SILTY SAND ta SANDY StL T. fine,grained 
sand; -10-20% fine, rounaed gravel [Fill]. 

1625 

OB45 
11 /29 2 r6 .. 13124 I·_· I ,1· SM/Ml 

J I. 
3116/M,~,l,;l ',i,

1 

I Ml f.-::-----:·~-g-rn-v-,·::G:::Rc:Ac-V:::EC"LLc:Y~S"A"CN:::D:cY:cS:clc-L:::T-, :::."C1:::5:::,2:::5,c%:-cl,cn·e···.···,-0----+.c11sc1"7"8"'•'1'3"10"osoo 
.,. coarse-grained sand. roundea gravel [Fil!J, 

1 
J reen fsta1r:ea?l, ~cod deor,,. 4l,l20115 t ·~·: SM Dense, wet, gray, Sll TY SANO with GAAV!;:t,; ~ 10~30% detiris lbrick., 

19 
O 

! u-r ~ wood, foundry sand) \Fillj, 

J 

l 0---t;~t' / O ~"-~~~~ ---0~=::>-=-·--- Moist •. ohve gray 10 gray. GRAVELLY SANDY SILT; wood and bnck. 

!Nii... • 130/9"

1

8/15 ~ ~. , : 
1 

,.
00 
... __ ,,,, .. , •• ,, ... , ·-...... ,., .. , :·"i-.. 

1 

. .,. 

""'I ---,---i,,
1

---,

1
: .• ~.--• .. '.J GW Wet. welHJ<ndea GRAVEL wittl SAND, line to coarse, roundea clasts; 
~ ~! ~ · 10-20% concrete and asphalr {Rill. 

• !'('., 2 F INOTE, Ve,y ha,d drilling, Due to nardne'5 ol deo«s, 5-,nples nor 1 E,< 

410 

1

1100 

~h~~ L t3tcen; l"ie3[1space readin~ from dnll cuttings. J...o,;fto '7 teet basea on r:.~tl cuttings only.I , L4f?-<J 

·t.. ··1 

r-·1 
1. '••:· • . i: • .• 

t•\Wt:1 ' 
---'----'----''"""'-' .. __L 

11 l 5 

--,,,..m-."",.-,.-,.,,,"'w""L ,"'D,--,;>,""o-, "',o-, R"'P"'A"c."'• ----wood ward. Clyde Cons ult ants Ci -------,p"",,.-,-,a-, '"o.-c-,,-,b-,-, , ... ,-,-,,-,-' 



Project: RPAC 
Project Location: 

Proiect Number: 

Portland, Oregon 
92C0804A-20A 

Log of Boring AL6-D 
Sheer 2 of 6 

SAMPLES 
"' "' ;; -- 0 

• 01 ~ §' 
_., 

J;;; .JO I .; .E u 
~ .. -~- 2 a.~ .c ~_., m 

'" "' i"' E 5 > • Cl. C ~ .c o-2:: i~ ? C iiii ~ { 
m 

;- z ii, :a:: 0-= " GW 

16 

5 7519' 

18 

26 

28-· 

30- To 

MATERIAL DESCRIPTION 

: ;---eecomes loose, dark gray ta ;,ray .:rnd rnult.coh;;re'CI: ~ 15-25% 
" concrere and asphalr. 

Loose, we!, dark gray to gray and mt.Jlticoiared, weli,graded GRAVEL with 

r ?__AN.D, /in~ re coarse, rounded clasts: ~ 15-2S%, concrete and aspna:t [Fill! 
·,,..on,1nuea1. 

r-W-th < 5% mull\colored battery c<!s1ng caps, metal, ana wire. 

~ .------1nc1eas1ng fo1e- to coarse-grained sand (-.25~35~'itJ. •• 

i 
r 

f 

Debris: B~ttery cas11"'9 up 10 2.5 ,m:hes m;pc dirnension: '10-20% brick, 
stone. and cobbles: some wet. datk way, line· to coarse-grained sand; 
abundant sheen spo~s (< 0.5 inch) [F'111\ 

I 1-We!, dark gray, fine, :o ooa,se-gra,nod sand w,th -z0-30% grav,, 

~ - '"' '"" '"' """"" '"'"'"'' "'""" ' ..... '""' 

}'---------········································---"----
' Wet. gray to dark gray. CLAYEY SILT, nonplastic to low p1ast1c1ty. 

~,--w:th few sheen spots. 
! T..--0.S·inch wood stick. 
~------········---·--··· 

Loose, wet, dark gray, Sil TY SANO. f1<',c•grainea; ~ 20<30% sllc: 
decreas,ng ,alt with depth. 

(NOTE: No dnven S3mple due ro ovem1ght chip plug removal and 
nverdri!ling,J 

PIOIFID 

I 513 
410 

l 
r SiS 4H ll40 

111 
Ll1"" 
. }1870 2 511455 

I . 
3/1309 

6156 J I . 
i 

3/36 310 ! 1530 

3/7 310 

19/18 ! 16-,:j-- 0840 
11/30 

:191101 161-3 

19i5 161-l 1400 

19i7 17 1,1 

17tS ~ 430 

'-r-.m-~-,-.. -,-,-w-,-,o-... -,-, -,c-, -RP-.-c-,---- w oodw ard-Clyde Consultants C, -------P-,n-,oo-. -0,-0-,,-nb-,-, ,-.-,-99"5-' 



Project: RPAC 
Project Location: 

?reject Number: 

Portland, Oregon 

92C0804A-20A 

SAMPLES "'-0 

"' • - -£ 0 ...J " 0 0 

,g " "' ...J ·5)u 
~ 

ru C u ,._ 
.c ~ . ..., ' E 0 Ul 

Log of Boring AL6-D 

Sheet 3 of 6 

PIDIFID 

" a C 
~ a 
a. 2 

MATERIAL DESCRIPTION 

E ~ ~co~ a. aU ' a, . " ~ a. ~ u 
0 0 ~ • .::: (..1 ~ .c Ul 

z iii ru,c t'.l :52 > • ~ 
--,~ I m a:::o.~ 

1--+-----F'-="i'-!-,1_".-. ·.r-_·.c""'·_.-1··.j+. -M-L-10-L""~-s-,-,,-,-. -m. -o-,,-,-.. -O-!iv-,-,-,,-y-, _C_L_A_Y __ E_Y __ -s-,L-T-.-,o-w_\_o_m-,d-i_u_m_p_la_s_tt_ct_ly-,-. 2_0 ___ 3_0_'l<_o_-+-,~7-11""'3"'1-,-5-I--'..LI-~ t 
1
. -"'I organic material (black wood chips, grass fibers} (continued). 

36 113 13 2212 I=~=tt-1 3 r-oemas,ng ocgan,c maw,,11·15-25%1. 1415 1211 1440 

M fffc_· r-w1th more brown colorat1on. 1616 141_1 

" I ICC 
38-I',;"~· ~-+--=--+.c~~-''rhti 

14 9 22/24 .;; CL/ML 
i ;,;, 

~;, ~.:: 
- ·\ / 

·-=', 51 ~ I 
'/' 
'/ 

40- ·:\if._ -c-1 s"'f--,-1 ,-1 -+"2"31"2"•*/'+'H ML 

I ' 

42 ffi 16 7 
·»~; 

23;'24 

::1<.-., 

" 
44 %. 

·,« 17 24 1't.\ 
Jt 
#: 

I 

23/24 

46 ··~c-t----;-;cc-t=-:c1 
'~ 18 1 0 23/24 

. 

' 
;.i, 

48-··· 
19 17 23/24 

' 

50 
,, 

20 31 

,7,;'?°;( 

~ Jf:i: #/ 
23124, 

r 

CUCH 

ML/CL 

24/24 

I 

Stiff, mo1sL olive gray, SILTY CLAY to CLAYEY SILT. low plasticity; 
greasy feel, organic. 

-------·--------------------------------- -----------· 
Sr1ff, moist, olive gray, CLAVEY SILT, nonplast1c to low plc1sr1ciw; mica, 
-10-25% very line roots. 

'-~Becomes medium stiff; decreasing clay, < 10% fine roots. 

.... -0.5-inch-diameter piece or decomposed wood. 

~~Becomes stiff, non-plastic. ¥fK-,..4J,,.r,'.J 
I'":* ;Ii 

r-1ncreasing orgamq 1-15-25% dark. gray roots and wood!. 

_,.,,. -4,e;,'.R_ 
,-Decreasing organicl ( < 10% black. roots and wood). 

1· -

+--0.25-inch-diameter root. 

Very still, moist. greenish gray, SILTY CLAY, medium to high plasnc:ty. 

r-Becomes brownish yeUow with greenish gray mottling. 

-r-secomes hard, medium plasticity. 

r-wirh 1ran oxide sraining. 

Hard, moist, yellowish brown, CLAYEY SILT, low plasticity. 

+Becomes stiff, with gray and yellowish red zones. 

r-secomes brown, medium plasticity, with iron oxide staining. 

f .--No iron oxide staining. 

f-

13/27 11/-2 1450 

14/26 111-2 

I 9/98

1

7/ 2 

110121: 9/-2 

17/415 6/-2 

7/594 61-2 

719401 5/-2 

7/130(
1 

71-2 

6/125! 5/-2 

71170( 5i-2 

71120 5/-2 

6/365 51-2 

1520 

1540 

1620 

I 

16J5 

1650 

912 

"~ "" 1 2/1 

10/0 91-1 I 

1012 7/-1 0907 

I 

11 /- 1 71-1 

I 

I I I 

I~ -;:T,-,m-,"',,-.,-."',"'w"",", o,-,,,-,,-, =,o-. R"'P"A""c"",---

1
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Project: RPAC Log of Boring AL6-D 
Project Location: Portland, Oregan 

92C0804A-20A Project Number: Sheet 4 of 6 

SAMPLES PIDIFID 
:..._.c ' "' c C 

0 ~Q I -' ,,-
,; ... m ~ .E "~ ~ ,; 6 ;u ,:!! C. 
0 u .;! i3 "' 
iii ~Q:§ 0 

MATERIAL DESCRIPTION 

I/ 1/Ml!Cl 
55-~ 22~-1-0---+.l-24_/_2_4~, 0-++; ML ,.. .......... - ................ -- -----------.. ------------i-=~f-c,~ 1·100 

• . S1H•, moist, b,own SILT. low ola,iicity; ·0.10% 'ine-gra.ned sand. 

, I r-Secomes wet. 

2315 ···· 124124 ! t ·f 
1 3 

-;- lnc<eas,ng f,ne-g,amed sane , - 1 0-20'/,, 

Wi SMIML I loose. wet. 01own, SANDY Sil T :o SILTY SAND. m,ca. ,: ' Oi-l 

122/2 ML ~oose, wer browt1. SANDY SILT. - 20-30% hne-gramed sand: dern:asin. g 1 f-1 0/-2 111 20 Land w,1h-Oep1h 1~ < 10% sand at 58.8 lee: .... ~ ! / f".l.hf Med1t.1m_dense wet,ohveg1av,SlLTYSAND hne•gramed; ~25·35%sut, , !J-1 Ot-2 i 

.::_·-. f some mica. I : ; 

B 2-~c;--+--=1 2,-,-i 2""2"'12cci• I '·. : ·. H0.5/· 2 i 1145 

i IH i / 1,-1 105/.lj 

21 19/2411 · r· -j· ii:i+oiiiJ' 1340 

i · I 
I J I i 115 : 01·2 r 

• '.) I';;' MLJCL L Very shrL wet,_brown, CLAYEY SILT :o SlLT.Y CLAY medium p1asricrcv:········~! J:J .1 
01

_
2 

, 1
355 27 20/24 ,,., : : < 10% hne~gratned sand. , 

~ i 1! l 
SJ 1I I I i ; SM-1M·l-+i _M __ e_d-,u-m-d,-n·s-,-. -w-e-,,-o--,-,,--.-g-,a_y ___ S_IL_T_Y-SA_N_D ·,~ .. SANDY SILT, fine·g<oined 

111 
Ol·

2
1 

281,- ,2 20/24il I i ~' sand m,ca. -- j 112101211415 

, 

1 

.·.' iCL' Moist, Drawn CLAYEY SILT !O SILTY CLAY, ronplasuc to low plasoc1ty •....... ~ 111 0,.2 I 

I 
SM/ML Loose. wet. ol11Je grnv SILTY SANO to SANDY SILT fme•gramed, mica i ~ I 

I I I 
~~ I <. ..l.__ ~ 

10-.m1-"'2'°9c-i----cac-t2.,.11°'2::--i•. ·. j 110 I 01-2 / ,.30 

It I 3 
I l/1 I 01 2 

: [::.f ' : 

72~AA-3cco;c-c-2c-9;c-+,-,-,a"'1cc2::--i4'f ( Lr-Becomes medium dense.. n·--10~---1 

7 l. s f++H __ -+-------
SM Medium dense, wet. Oli'Je grav. SILTY SANO, fine,grair.ed; "20-30% slit, 

~ some mica. --~1 

58 

64 

68 

66 

I I 
St1ff. moist. bro~n. CLAYEY SiLT. medium plastic1W {continued) 

111 D 

: 1/6 -----· -I 

0!·2 11450 

i 0!-2 ! 

O!·· i i100 
12/4 

10 16i.24: ·: 

ii I ! .-i-Decreaseu silt content 1~10·20%} . 

....,r,.,m-p>-,-.,-,"',"w'",'",o'""','",,-1-::,0-, "'ae'"•"'c"',----Wood ward-Clyde Consultants fl -------,-.,,-.,-0-, -0 ,-0-,m-,-.-, ,'".-,-,9- 5..J 
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MATERIAL DESCRIPTION 

PID/FID 

• u 
ro 
0. 

"' " ro 

" I 

-0 
C 
:, 
0 
:;, 
~ 
u 
ro 

CD 

,~i:c I 
1
1 

l 11 SM Medium dense, wer, olive ,Jray, SIL TY SANO, fine-grained: • 20-30% silt, I 

76 : 32 21~1191241_•1 ,II J - some m,ca lcont,nuedl_ r-9-/---+-,-;_-_---< 1125 

1"1 
1 

78 1t~:k+2;7~7'._J, \~7c::5Jlc~itsMIMl:t' :.;;,----------~--------1 --I JJ 34 
1

, S/1 S S~/ML r Medium dense. wet, olive brown, SIL TY SAND to SANDY SILT. -

1

c--c7~1_-_ --;

1

~
1
-
1

_-_ -1
11 

JS 

1 f i ML Dense. wet, brown, SILT with SAND, • 15-25% fine-grained sand. ~_r-~I S;ML r Medium dense, wet, olive gcay, SIL TY SAND to SANDY SILT. 
34 I 6/-- 1/-· 1145 

80- i/ -

-- 1 · _., ": i--1ncreasmg silt (-55-65%). t 
-~ 35 52 23/24 ML ~1d, moist. light olive g,ay SILT, low pla,r,clty: mica_ 3/0 oio 1400 

1' 

I 

82- :f 
!ii 
It «:% ,. _ I :: I " I '""' I I I ~ " :;;; ••• •~ ""' s,rn "'° ' " '" "' so ~• "' ,,.. Io ::: : , "" 

86 _--ffiJilf-c3ac7a+---.70--+1,=e, ~ I / I o.w o~o 1 soo 

I 1 .

1

1 f--r-secomes very dense, with abundant mica. 

K ~, ;;; 5" H--+--1--i---:.,,_-With stratified bands of light brown silt to 0.25 inch. 

-ffifr-=+-c;~+,=d Medium densa, wet. brown, SANDY SILT; -30-40% fine-grained sand. h'1;!..: 

" 36 

r f' L~ M?sM I Dense,~"- b,own, SANDY SILT to SIL TY SAND: m,ca, ~:o_,2.3,:7.1 00//00 1615 

65 14(24 I SM Very dense. wet, olive gray, SILTY SAND. fine-grained; -30-40% silt, 
·1:·_ ·_ abundant mica, 

j _-,,_---!---_----·-·-1 I - II Cj I/ ~Increasing silt (-35-45%!. decreasing mica. 

W4CT~.i-J+-•~f-~ I~ ~ 40 35 17124 ML Hard, moist.-b-,-ow_n __ -C-LA-YE_Y_S_IL_T ___ lo_w_p_l,-s-,1-c,-ty-.-------- 1139 O/O 1630 

92-? S6 I == s2L 1-~D_e_ns_e_._w_e_t_, _ot_lv_e_g_,_•v_._S_I_L T_Y_S_A_N_D_r_o_S_A_N~D~Y_S_IL_T_: __ m_,_,_•-_____ -/ 

--l
t;-?:'~il~---c~b=Cj'ccil>-fc;=crr+HI ---M:-,-,L-,----D __ e_n_s_e._w_ec, brown to olive gray, SANDY SILT, nonplastic. --'----+----,--+-~ J: 41 10/11 '113/17 ,_ \,-- ·./J_.•_:

1 
S/M ~~~~-dense, wet, brown, SIL TY SAND, fine-grai:ied; -30-40% silt, some 4/55 2/1 'I~~~~ 

r.iJ: 57 

941_,_-•• -.~_-,_-_'_- SB i 1--, f __ l I-,-' - I n r.r--1ncreas1ng silt (-40-50%). 

1

--,~'\ 4-,""4"'2~~0"'0"'0-,4-,,,+ ,--w-~l"lif_r-;-M-;;L-:.,_;t--vv~.,;;:,~d;;e:;;;nse, wet. brown, SANDY SILT; ·30-40% sand, - , 0-20% angular 2/7 I 1 /0 0900 
IA I r •· • ,.,,, to subanou/ar, dark arav basalt fraaments. 

~:::: 
88 ;.: S5 

39 

90 

-..,,=-,-m-,,~,.-,-_ ", w""u"o--=p~,,-. ",o'""e""PA"'c"P ____ wood Ward-Clyde Con 5 U It ant 5 e --------,,~,,-m-,,-."'o-ec-,-m-,-.,"',~-"'"19'"9"5..., 
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SAMPLES 

I 
0, -0 ~ 

"' o'"" -.£; g' -i-o 
.c, -oQ- ...J,UO 

,S.Q ij ~ 4>C u '&W 
Vl iii~vi :.C. 0 {I) g.m w ..o i: > 1.1 <,: °' o u 

o-2:: o.. E o : 8 > £ m .c. r.n ' 

MA TE RIAL DESCRIPTION 

,---;~ i ii5 I~ 8 _5· i3 :3 2 : 
l~H!3· '70t6"•1 316 :,r.•~:

1 

GM ' Very ::le:ise. wi::it. dad< gray, SILTY GRAVEL with SAND, fine w -:oarse 
,I• ~ •1•-.., I angular to rou;vjed riult•colored basait casts ro 2 inches, some nairhne 

44 )0013' , 2,3 ~~• ·1 .-, fractures, ~15,25% silt, -30.40% orowmsn oranga to yellowish red sand 
96 ' ~~~;;11i 9 J- J ,ran oxide sta1n1ng tAlluvu.1mj 

1 
I 45 !20~ 4/6 r•Jt'1 r- -Mamx oecomes brown, w1tn dark gray oasalt grave! and cobb,es 

l
~- ~1180/8" 14n4~, ~ GMJ Mo1sr.~ye!l~~sh (ed~GRA'IELLY SIL TY CLAY, ~W-30% grave!, -2o.JO% 

X 
~

O ___m~ sut. soma fine. to coarse,gn:.w,ed sand, gray lenses, hme yellow clay 
S11 • J., ,lenses; round. white agate clasrs :c 0.25 inch at 97 feet [Severely 

_ 1-- • • f , ,\Weat!!~red AlluvmmJ 
47 10011 "~/7 : '. ROCK r\Moist ye1low1sh red, SILTY GRAVEL w1t11 SAND, 1me green chlor,te and 

98- _ r~i 2 l _ i '~::: ,clay lenses, ves1cu1ar basalt fragments [Alh.;v1uml _ 
)I: f 48 rt 50 3" 3/3 L':': • BASALT, locally extremeiv weathe•ed to c!av mtensely fractvred. 
' h~~~; : · sampled material at 97 5 teer 1s moist. dark gray ard light yellowisn reo, 

~~_.:9 5011:c ~:;~;;, b.asalt gravel, ves1c,es 1nf1lled w1rn ch'orite and yellow1sn to lime green 
, , j , C ••. 1 clay. iron oxide stained at 98 0 !eet, wet, moderately ~o severeh: 

I • I !, j":.:· .. :..:I, weathered, dao; brown basalt grave11n matrix or clayey, silty, fire- to 
course-grained saf'ld. 

100 ; ' So ~ S0/3" ~: -21·3 • :: :: j Lr--e.asalt g1av.;I becomes brown w1tn dark gray surfaces on fresh 
, , i ..... 1 ... ',' breaks, angular to sunangu!at, m:m o,ude-s.:ained. 

~3~;)/) 
1021 I I -r-1:::(j 

I ' i i !ti 
L 

~····-tjoo15~···3151::: '. '. ;j ~ ,--w,tn cn\orite and i:;Jay lenses; harder d1il!ing. 

104~~1-t\(1 i· 
' 

! 53 ·ciotF.r. ··ml. ' ... ·: .. ::_·:1 i -, -e.ecomes very severely weathe(ed, h1gh!v fractured; ·30.40Q~ angular 
I " to subangular. vesicular bualt fragments, - 40-50% sand. ~ J0-40% 

-I 1 1 t·····' f brown, silt/day: some clay lenses. uon ox1de·stamed lenses: narder 
. [ • I {/j drilling 

106~tOQl:i'·', 012 ;)> ~,--aecomos moderately to severely weatnmd. 

~,il~/2 ./: l' 
r-300/Z" 0;1--;~\~'. ~~·~~ :_\ --..+~-lncreasin-g bro.'~~lav_b_a_u_s_lin_c_u.~.t_,nc:9:cs_L ____ _ 

I I i 
108 I , , 8ouom of boring at 107 .5 teet: bottom of casing at 98 5 teer_ 

I I • I I 
' ! 

110 

i 
'1 

11 2....: 

f 

PIDIFID 

' 216 1 1,0 '1 CS45 
1--·'"11 ; ZiS ( \;Q I 0950 

-+Ti11uo1 ,01s 
' - ••• ...J 

j Zi1S: •;o : 1045 

~12,aJ o ~ 1Jso 
I : I 

-' ,2i77(6~ 1410 

j )110: o.310 I, ,a.so 
'·····--y------~ 
I i · 
. I I 

I 1!14 Jo .. ,,~ ,a,s 
r __ '.'..J 12•6 
; i . ' 

: 1 /24 : 0/1 11400 
J I 
. , I 
ttJs7si o,,j , 500 

H 
--·····~···~ : 
~.~1600 
1 . 

~. 

'14~~---'-__:___:___:_f __________ --'----'-'---I 
'-:T,-.m-~.,.,-.. -,"","w"°L"',c,..,,'",0""1 "',o-•"•"•"'c,=----w oodw ard-Clyde Consultants Ci; -------,-,n-,-,,-, -o,-,-,m-.. -, a-.-,.-g-5-' 
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Project: RPAC 
Project Location: 

· Project Number: 
Portland, Oregon 
92C0804A-20A 

MONITORING WELL 
CONSTRUCTION LOG 

FOR WELL BST2W-61.0 

Well Location 5 h. S of concrete pad in RPAC Lake Area f Date(s) Installed 1/13/95, 1/19/95 

Installed By Tacoma Pump & Drilling I Observed By J. Kessi I Total Depth (ft bgs) 61 .5 

Method of Installation Standard, using cable tool rig; backfill tremied to surface 

Screened Interval 56.3 • 61.0 ft bgs ' I Completion Zone Basalt 

Notes: Elevation& are reported in ft CPO, or feet above City of Portland Datum !ft CPO 
in ft bgs, or feet below ground surface. - i .37S ft + ft MSL). Depths at(! given 

Boring Diameter(sl: 

10 in., 0-30 ft bgs 

8 in., 30-51 ft bgs 

6 in., 51-61 .5 ft bgs 

Strap·On Centrali2er(s) at: 

30, 56, 61.5 ft bgs 

NOTE: DIAGRAM IS NOT TO SCALE 

------Elevation of Top of Riser Pipe: 41.18 ft CPD 

~Height of Riser Above Ground Surface: 1 .96 ft 

+----Ground Elevation: 39.22 ft CPD 

lli:k----,1 
Type of Surface Casing: 
S·in.-dia. lockable steel surface monument 

m~f-------jType of Surface Seal: 
3/4-in. bentonite chips 

+---IOepth of Surface Seal: 

___ ___,ID(fype of Riser Pipe: 
Nominal 2-in. threaded Schedule 80 PVC 

4--·---~Type of Backfill: 
High-solids bentonite grout 

.__---Depth of Seal: 

_J Type of Seal: 
-- -1314-in. bentonite chips 

'<'+•----Depth of Top of Filter Pack: 

Depth of Top of Screen: 

.... 1-------IType of Filter Pack: 
10-20 Colorado silica sand 

lO(fype of Screen: 

F-"'1'~1------~Nominal 2-in. Schedule 80 PVC 
Screen Slot Size: 
0.010-in. 

,.__---Depth of Bottom of Screen: 

i, 

,,,,,,,,, .. ,..__----Depth of Bottom of Plugged Blank Casing: 

~ ~e/Oepth of Backfill/Seal Below Well: 
L=:::11 C)-20 Colorado silica sand 

Total Depth of Boring: 

8.0 ft 

50. 7 ft 

53.9 ft 

56.3 ft 

61 .0 ft 

61 .4 ft 

61.5 ft 

"'""' 5129195; ,,,,, RPACP; Tompl: 1WELLA Woodward-Clyde Consultants c;--------------' 



RPAC 

I 
Project: 
Project Location: 
Project Number: 

Portland, Oregon 
92C0804A-20A 

Log of Boring BST2W-61.0 
Sheet 1 of 4 

f Oate!s) 
Onlled 

Dru I ing 
Method 

11 /22/94 • 1 /9195 

Cable Tool I Coring 

Logged 
By 

Drilt art I Size/Type 

J, Kessi 

Mother Hubbard I NO core barrel 

Checked 
By 
S rfece u 

0. Meier 

39.22 
···------··· I Elevation m CPD) 

Drill Rig Cable Tool Rlg I Moblle B-61 DrJll1ng Tacoma Pump & Drilling 'Total Depth 61.5 
'Type \ Company : Drilled itt bgs) 

Diameter of 10;8;6 : Diameter of 2 Number ; Splil·spoon; 29 Core barrel; 3 I Samp\e,---:i'inch-OD split-spoon I 
Hole (inches) : Well !inehesl ! of Samples Type NO core barrel 

Type Of 10-20 Colorado silica Type of Threaded Schedule- 80 PVC / Screen 0.010-lnch 
Sand Pack i Well Casing Perforation 

WATER LEVEL READINGS Type{Thlckness Bentonite chips 63.9-50.1 ftk 8-0 ft; benlrmite 
Water Level Depth, ft 14.00 I .. 9.50 I 21.10 I 2~:.45 __ .. ~ of Sealls) grout 50.7-8 ft; refer to Well Construction Log, 
Time, 24-hr clock 1530 i 1030 OBOO I 122B 140B 

Dale 1112219411112a,9, n 1129/9411112919, 11/291~ Comments/ 5 ft $OUth of concrete pad. Deepest of 4-weN 

Auger/Hole Depth. ft 16.-0 I 1B.O 

4 

6 

8 

10 

12 

14 

SAMPLES 

2 

3 

4 

5 

6 

7 

36 

26 

/161241 

,. I""' 
10 I 711B Ii 

: ~~::-... ,. 
11 13124~'~ 

'::1, 
4 9/24 

I 
I I 

8 II !El 19118 >,,:.;. 
: .,,· 

GW 

SM 

ML 

SM 

GM 

ML 

GM 

3B.o I s1.o 51.0 Boring Location clu$ter. Composite log of all 4 holes. 

MATERIAL DESCRIPTION 

SURFACE CONDITIONS: Hard-packed fill 

Medium dense to dense, moist, aarx brown, well-graded GRAVEL with 
SAND: basalt fragments IFJIIJ. 

r ...-water seep. 

HEADSPAC 
READINGS 

E E 
C. Q. 

E:- E: 
C) 

a: 
0.3 

C) 

rr: 
1.0 0900 

h--aecomes wet. 
I 

-+---=-:----
! 0.3 0.5 09Hi 

' 

Medium denSe, w•t. ollve grav, SJLTY SAND; basalt fragrnents !Filll. 

::=:>- Dark gra,; to black, fine-grained SANO: mica; orange mottlin~. 
-5!..iff, moist, yellowish brown SILT; sli'iJht onm~e mottling (Fill!. 

0.3 f;i.0 

I 0.2 0.4 0945 __ J Wet, with -30-40% fine to coarse. basaltic gravel; minor roo~s. 

r-Becomes dark brown and yellowish red; little mice: some orange 
t mottling. 0.2 

03 

2.0 

2.6 

.~. -With lenses of fine- to c-oi,rse-grained sand, .,

1

1 / 

f.-'----------------·---------------i, 0.2 ! 41 

~ 
loose, moist, dark gray, S!LIY SAND; ·30~40% silt, mica fFi!.ll, : 

.,.__Lens of white, fibrous, non-organic material, minor grave\ '1 I 1 
1 03 I 95. I 

fine to coarse gravel, -20-30% silt, • 10·20% sand, m1c& !Fill), -~ 

1015 

f

~oose to medium dense, moist, dark gray, SILTY GRAVEL with SAND: .. 0 .. 3 I , 2.0 I 

,.--Becomes wet, with lenses of greenish 8fBY gravel and ~ 0.3 

1 

31 : 1045 
medi1,1m-9rained sand, 

1 

Solt, dark gray to black, GRAVELLY SILT with SANO; slag chunks, wood 
~unks, brick fragments [Fill!. 

- (' Olive gray Sil T; minor brick fragments. 

, ~ Becomes moist to wet. medium plasticity; -, 5-25% subarigu!ar to 
: ., rounded gravel: -s-15% wood, roots, and brick tragments; mica. 

o .• 

1 

104 

0,5 1, 74 I 1100 

- I 

t-+----i 
}-------------------------, 

I 03 
8.6 Madium dense, moist to wet, olive gray, SIL TY GRAVEL with SANO; fine 

to coarse, angular to subangular gravel, - 20-30% silt, ~ 10-20% sand; 
minor roots r~m. 

'--r,-m-~,-.. -, ,-w-u_O_Pro_j_ro-• .. -A-CP----Woodward-Clyde Consultants e Printed: Novernbe, 1, \995 
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Project: RPAC 
Project Location: Portland, Oregon 

Project Number: 92C0804A-20A 

Log of Boring BST2W-61.0 
Sheet 2 of 4 

.. 
• C) 

£.0 
o.-
" " ' <> o.! ' C. 

: ,. 
I-

16 

18 

20 

22 

24 

26 

28 

30 

32 

34 

SAMPLES 
"' 0 -£ 0 .,, "' ...J 

~ ~ " C 0 

" ~.,50: i' .0 ~ 

E ~ > c., a.;: C. 
0 ;;,,J::.: .. , 0 g,;:: g: 

~ 2 ffi a::o::.::: 
9 4-016" 4i12 

lO lO 

1l 20 
4121 

12 5 i B/18 

13 8 24/24 

i 
14 10 '20124 '~ 

"'-0 .. .., " 
0 " "O)U 
0(1) 

'EU 
.c "' :S 2 

SM 

ML 

ML 

MATERIAL DESCRIPTION 

Medium dense to dense, moist to wet, olive gtl!!ly, SIL TY GRAVEL with 
SANO fFllll \continued!. 

""-+-With string roots; 2.5-inch gravel piece in spoon. 

r 
Medium stiH to stiff, moist, dark brown SILT, dark. gray and black 
motthng {appears to be root sta1mn9l. roots. slight 1r1descent sheen . 

..,.__With ol1ve gray motthng; dark. brown IOOR bleb v1s1ble 

...-01,ve yelklw wrth black. organics and staining; roots. 
-+--arownish yellow and greernsh gray. medium plasticity; roots 

Loose to medium dense, moist, dark grav, SlL TV SAND; roots, tire valve 
cap fFi!IJ. 

HEADSPAC 
READINGS 

E E 
C. 0. 

E: .9-

2.1 27 11150 

2.0 145 ; 1200 

i 1.s ,08 I 

M 11300 

~ I I 1445 

l Hl 
, - 3 3 - 31 I 
I 

r-------Becomes saft, wet, SANDY SILT; ~25-35% dark gray, rine..grarned 
• ~and, mica; roots; minor sheen on soil. 

I- -+-J.\nch angular gravel and two sticks in nosepiece, 1 I 40 Ml 
: Medium !;lift, moist. greenish olive gray, CLAYEY SILT;. low to medium Ii 7,0 19.2 : 1630 

r 
plasticity, little mica, orange mottlfng/staimng; wood chunks; minor sheen I 
spot!;. 

so I 140 

:; SM/MLI 

I .--Becomes mo~t. w;th coarse, subangula, gravel. 1/ryO 230 1,, 05 

f--Lo_o_s_e_t_o_m_e_d_;u_m_d_e_n-se-.-w-et-,-d-a-,-,-g-ra_y_,_S_I_LT_Y_S_A_N_O_t_o_S_A_N_O_Y_S_I_L_T_; ---1 
fine-grained, -40-50% silt, mica; no sheen visible; at 26.5 1t, becomes 

3
_
0 320 

, 
olive gray. -

I 

15 11 --,1,,ei 

16 10 

12

0124 

;{ 

i .r 

6 24124 

l 

18 1B 17118 

' ,,,,-

19 20 :20124 /i 

ML 

SM 

SP-SM 

Stiff, wet, yellowish brown SILT; -5-15% fine-grained sand, low 

plasticitv; orang_•_m_o'_'_lin_g_;_m-;n_o_,_'_oo_•_•_,_•_•_2_7_.3_·_2_7_._7~11-._S_A_N_D_Y_S_l

0

L._T_. __ ....;l··3···•··5-~80 ,
1

-. -30-40% sand; at 27 .7 ft, becomes moist. :J · I .... "' 

Medium dense. wet, olive gray, SILTY SANO; -20-30% slit, mice; brown, 
tine-grained sand lenses; at 28.6 tt, becomes brown. 2.5 110 

Medium dense, wet, brown, poorly graded SAND with SlLT; -5-15% silt, 
mica. 

2.'1'6°11350 

, I 

3,5 210 

~Becomes loose, olive gray; thin roots. 4.0 519 1400 

:-, Loose, mou.t to wet, SILTY SANO to SANDY SILT; '45-55% s;lt, _J 

ML/CL htift to very stiff. moist to wet, dark brown, CLAYEY SILT to Sll TY --------11 

I CLAY; <10% sand, medium ro h<gh plasticity; mica. 
-+-slight sheen bubble on spoon. 

4.0 280 

--~··· 
/ 
i 

3.~ ! 220 

! r-Become.,, ollve gray, low to medium plasticity; increasing mica _! 
I'"'+' content. ' , · 
1 

~Becomes wet; very slight Iridescent sheen on water. ~I~ 
't ! 3,5 , 390 1435 

8.0 562 

.....,T,..,m-p""1,-.. -,"',"'w,..u"'D,...,Pm,-, 1""D-, .--P-A"'c•,----Woodward-Clyde Consultants C# -------,P"',,n-,-•• ,-,,.N-,,-,m-.. ,-,'",."","'••"'s,..., 



Project: RPAC Log of Boring BST2W-61.0 
Project Location: Portland, Oregon 

92C0804A·20A Project Number: Sheet 3 of 4 

38 

40 

42 

44 

46 

48 

50 

SAMPLES "'-
"' 

0 '" ~ -5 0 
_, 'C 

0 ,, "' _, 
" 0 

!; 
0 

'" " ·O)U 
SC -.,_ :2 0(1) ,, 0 "_, "' 

E ~ > " " 0. oU 
, B .::! 13 l:: ,:: (j) :, 0 :~:;;; z iii , O ,_ C C) iC:0; _, -

-1-, l"'"t 
ML 

SP 

i I 1' ;: 

i 
20 ;22/24;:. 

I ! 
SM 

22 46 

SP 

24 40 23/24 

25 7516" SM 
iSP·SM 

SP 

MATERIAL DESCRIPTION 

Stiff, wet, olive gray SILT; < 10% sand. low 10 medium plasticity: mica, 
lenses of fine~grained sand. 

,HEADSPAC 

r
READIN~S tR 

E E ;:: o 
Cl. 0. 0 
.& .e, g, .c 
0 Cl - §,.J. 
a: u:: i 0~ 

3.5 390 1500 

7.5 

3.0 

640 1530 

180 I
, Medium dense, wet, dark gray, poorly graded SAND; fine- to medium

grained, <S% silt, mica; sheen not visible. 

r ~Becomes darker gray, 

1 06 85 
---Becomes olive gray. 
• 

1.7 62 • 1600 

, Medium dense to dense, wet, olive gray SILTY SAND; fine· to ·II 'L1 . 62 ,· 
i medium-grained, -35.45% silt, mica. _ 
r-, -Decreasing silt content to ~20-30%; minor yellow staining. I j j 

ii------oecreasingsiltcontentto~10.20%. ~--------'.l,~I•. 42 :

1

1610 

,r--Becomes dark gray; little or no tines, RB : 144 

f
--oe;nsi:--mOist'io wet, dark brown, poorly graded sANfi.i; fine· to 

medium-grained, < 5% silt, mice. 

, _r-wet, greenish gray. SILT/CLAY; low to medium plasticity. 

r 
I 12.9 I £• • 1634 

·27,1121 

'--.~ j~ 3

2.5

2 

-06.1

7 

11

1 0900 ~ Layer of brown SILT, low plasticity. 
I 
( Fine-grained. 

· ~SILTY SAND; -10-20% silt, mica: iridescent sheen bubbles. i 0.6 -24.5 !
1

1000 
:=r Lenses of o\ive gray SILT, non-plastic. , 

1
___j 

Very dense, wet. black, poorly graded SANO with SILT and GRAVEL; ~ 
·s-15% silt. up to 30% fine to coarse, basattic gravel. ·1 

Very dense, wet. gray, poorly graded SAND; fine· to medium.grained, ! 5, 1 , ·20,5 
<.10% silt, mica; sheen bubbles. '"1 3.2 -22.7 

-· • Poorf'y graded SAND with GRAVEL; -30-40% fine to coarse, angular IL ____ _ 

"""z"7-+--,c9"'0-t.1~811 tf , to subrounded. black, yellow, and red gravel. r,2.c.0;.t-_.1,7-,.0e1 1138 

).}.~!:.·, ~f•_l ::::::.:l:v:.::·;~,k gray, poody ~<aded SAND with GRAV~L; 

1 

I 
,,, _J ~35-45% fine to coarse, subangular to subrounded gravel up to 5.0 -20 

,-•. 47,"'l"O;-j;.-;.a: ,,,. 3 im:;~~s consistmg of vesicular basalt; lenses of silt. ___________ 20 wG O : •,.-J G? Very dense, wet, dark gray, poorly graded GRAVEL with SAND; ~35-45% ~ j 
' ·e• I sand; iridescent sheen on sampf.e !very hard drlilingl _ I _ _ _ 
• ,, I 7:trt7le.nc 

~;:;:: {Rock! i BASALT, very h;Hd. Cuttings ·;nclude angular, fine to coarse, dark gray j 
~····· sand with flecks ol red, yellow, and green; abundant mica; trace tine 

1200 

,:.::.::., gravel; iridescent sheen bubbles. 
52,n;r,,;;:;-'j-;;R;;a:aoC"i---i Becomes dark gray, homogeneous, fresh \coring commences!. 

'14491 
44% •,•,• 

54 
--Becomes very slightly weathered to fresh; few vesicles; very narrow 

-.. fractures with ch1orite mfflling and iron oxide staining. 

~aecomes slightly to very slightly weathered; trace clay coating on 
• fracture at 54.5 1t. 

.._,T~em-p~,.-.. -, -,w-.,-,o-,,..-;-,o-, R-P-,CP-----Woodw ard-Clyde Consultants e ------?,i-'n_le_d_, N-o-,,-m-be-,-,-. ,-.-•• ---
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Project: RPAC I 

I 

Log of Boring BST2W-61.0 
Project Location: 

Project Number: 

SAMPLES 

58-

Porlland, Oregon 

92COB04A-20A 

MATERIAL 

Sheet 4 of 4 

DESCRIPTION 

_BASALT, black, s!i~h1!y 10 very slightly weathered; fractures with chlorite 
mfilling and iron CM.1dc St"O\ning (continvedL 

,~-Abundant rractures With iron oxide-stained clay infilling, some 

l
..,. chforite. 
-, --1ncrea'lied fracturing; frac1ures range from tight to > 1 /4 inch wide, 
• wi~h :some iron ox.id,M.:teined calcite infilling; widest aperture infilled 

with slickensided clay !gouge?]. 

HEADSPACI 
• READINGS 

E E 
Q_ 0. 
.$ .3-

'-~~--~~===""'~----------~--~------,Poorly graded GRAVEL, tine to coarse, angular to suban9ular, slightly to 
moderately weathere~d~,---------------------~-J 

I 
BASALT, yellowiS-h--l"ed, highly to extremely weathered (rock fabric 
,exhibits dt!COfllPOSition); indivic:lual core pieces > 4 inches present due to 

60-
•:-:, cohesivti (claY'!vl nature of the: weathered rock.; pock.e1:s of cemented .•.·. r sand within voids in rock.; 8t 59.5 ft, becomes yellowish red to reddish 
-:·:· brown, highly weathered, vesicular, with day infilling; at 60 ft, becomes 

! 
.. ·.• rnodtHately t'O highty weathered, with no clay infllt1ng; at 60.5 ft, fewer 

I 
:;:::~ vesicles, somt: with clay infilling, 
• •.·,-: , r-Secomes brown to dark brown, vesicular; -so% vesicles with clay 

-

, ~::::::' l • infilling; reddish brown staining on fresh 1rectutes • 
fLle-,-+ --+--+"'-"+-___, 

62-

64-

. 

66-

. 

68-

70-

,,J 
. 

74-

,_ 
Driven sampling terminated at -51 feet below ground surface, Coring 
t.erminau1d .it G 1.5 te-et below ground surface. 

N!;rt§: PIO bacKgmund measurements ranged from ~0.2 to l,O ppm and 
typically Wilfil about O pprn. f\D bi,ckground measurement:. canged 
ffom ~26 to 1.0 opm and tvPically were about ·5 ppm. Refer to 

- Field Screening Notes for additional information. -

-

--

--

--

--

1125 

1409 

'I /' ! I 
i / 

i__; _ _c_ _ _J__J___J___~-------------------~__J-,,,,~ 

.....,T,..em-.. -,.-,,...,,"'w'"', 1"'0 ""'P<"""o"', ,o"",-,r-A"'"CP----w ood Ward-Cly de Consultants " Printe:l: N[rvombet 1, 19B5 



Project: Rf'AL i-ZCO\c'o'-1 "I. 

Project Location: P.x--+la,v-))_ 
1
012. 

Well Location 2' ,1/ u~' f; G~l s/"'-(i 

-Installed By \ aLu,"'-
(,) t -~,() t Or,,/,,,., 

Method of Installation ') ,\,,.J.. ,-l fl~ 
' : 

Screened Interval &l- ',t, :; 

Remarks Li./ c. // l\(L. h,(_.z._ ,' /i,T -w -2 -<'.'.-1 

Generalized 
Stratigraphy 
(Indicate depth 
of major changes) 

MONITORING WELL 1 , 

CONSTRUCTION LOG ; .', '<:_ 
FOR BORING e~:;:,-i..,L?.\-f.1 

I Oate(sJ Installed l-13 I 1-1<1 ·'1 '> Time IOOc, 

I Observed Byj ,(t;Ul<,. I T ota1 Depth (ft) 
" l 

~~., 'j.. P11);{ "' \ ,,I'.: 
I 

('-Jl• ':,,..,:;,.c.A;,._ 

' 
1 1f""jl;A ... ~:( 

I Completion Zone - Aquifer G._,"tt 

~-------Elevation of Top of Riser Pipe: 

_r----Height of Riser Above Ground: 

h+,I-- ....:-------Ground Elevation: 

ta~---, ID/Type of Surface Casing: 

£·, b,..., ' 
<(----Depth oi Surface Seal: I 

___ _,ID/Type of Riser Pi~e: 
c,,_e 'i< •'th! I ':_ 

<(----Depth of Seal: 

1-r, )vy (:; f..l_..,:_.~ ·-/ 
l'"<""'v,,(_ r··, ...__ 

ft MSL 

3 ft 

ft MSL 

8 ft 

50, 7 ft 

I 

Type of Seal: 
l----1--,,H P;,,~1,,,,, "-~ Ch,,~ 

..,----Depth of Top of Filter Pack: 

l<f----Depth of Top of Screen: 

-----------

H-' ID/Type of Screen: -, II -I 
••• ,ci.J;.J..: S,.' /' / {_ ,,,,; 0, ,::, I w~ : ·. 

1 
Screen Slot Size: 

: I __ __c_. O~----- _________ j 
! 

---IDepth of Bottom of Screen: 

.,3 .-1 tt 

Sl.,5 ft 

S/ " 
'tlh"1",.i) 

GI ft 

l, I ft f-,c---Depth of Bottom of Plugged Blank Casing: 

'1 Type/01amelcr--1i'"Th~~--~- --1 Type/Depth of Backlill/Seal Below Well: I 
of Corchole 3:.1@:Bj · uV/1-"~ l'i'\. bJ..~l t I 

I_ 1/\/1,\.. / Jt_ inches -::1\d ' - - 1 

-- 1-'--' ,._--,'',_\.-,I Depth of Boring/Core Interface. 
,-' };-\_:J--c 

_,_, ___ ,_r_cJ I - - -~ -- -----

! Type ot Corehole Backfill/Grout 

i, ,~~---
NOTE: DIAGRAM IS NOT TO SCALE 

Figure 



LOG OF EXPLORATORY BORING 
PROJECT NAME Rhone-Poulenc Ag Company BORING NO. BTB- 4A 

PAGE 1.0F6 
REFERENCE ELEV. 39. 76' 
TOTAL DEPTH 84.00' 
DA TE COMPLETED 5/19/93 

LOCATION Portland, Oregon 
DRILLED BY GeoTech Explorations 
DRILL METHOD Hollow Stem Auger 
LOGGED BY Rick Fredricksen 

SAMPLE 

NUMBER 

SAMPLE 

TYPE 

CC-1 

CC-2 

CC-3 

RECOVERY 
0 UTHOLOGIC 

DESCRIPTION 
w z ~ ffi ~ " J;; o 2 ::i: PERCENT ~ 

~~w I;: w ~ "~ ~ 

30 

100 

52 

0 " ~ g ~ ...j 

w ~ 
0 ;; 

~ 

" 0 

- -

- --
r 

C 

- --
--

" 
r 

- --
- 5- -

--

-

r 

" 
~ 

- -

- -

-

10-1-

" -1-

- I-

15 
REMARKS 

~o~ 
:::i ... 0 

u 

0-22.0 feet: Siu Y SAND (SM), brown, fine to medium, 
some silt, non-plastic, loose to medium dense, damp, trace 
of rounded gravels to 1-inch, massive, some construction 
debris consisting of bricks, concrete debris, wood, glass, 
and metal. (FILL) 

1 )CC== Continuous core sampler. Soil samples obtained from 5-foot split barrel sampler. Recon water samples obtained at 

20 and 30 feet below ground surface. Water samples collected through a 2-foot stainless steel well point connected to 

black iron pipe. Approximately 50 gallons of potable water added to control heave @ 40 and 80 feet. 

Piezometer BTB-4-84,0 installed in boring BTB·4A, 

~E_M_C_O~N~N=o~rt~h~w~•~•~t-~l"n~c~. __________________________ 0_24_0-_00_5~.0~9~.2~4~0_00~·~•1m~l2~.6~12_9~19_J_._ .. S_E_E_Ls_._2~-~' 



I: LOG OF EXPLORATORY BORING 
PROJECT NAME Rhone-Poulenc Ag Company BORING NO. BTB- 4A 
LOCATION Portland. Oregon PAGE 2. OF 6 

COPY~ 

DRILLED BY GeoTech Explorations REFERENCE ELEV. 39.76' 
DRILL METHOD Hollow Stem Auger TOT AL DEPTH 84.00' 
LOGGED BY Rick Fredricksen DATE COMPLETED 5/19/93 

SAMPLE I RECOVERY 

HUMBER : PERCENT 
UlliOLOGIC 

oESCFt!PTION 

SAMPLE II 

TYPE 

CC-4 60 

CC-5 8 

CC-6 26 

REMARKS 

-- @ 16 feet: becomes wet. 

- --
- --

-
-

-
-
-

-
-

-

- -

-~ 

20--
- -

- -

'l 

- - . 
- ~ 
- - , , .. ' 

- - , . '. 

22.0-26.5 feet: SAND ISP), dark gray, medium, trace of silt, 
trace of rounded gravels to 1-inch1 non-plastic 1 loose, wetr 
massive. (FILL! 

25- - ... 

30 

- - : : : : : 

- ~ ·~ 26.5-27 .3 feet: CLAVEY SILT ICU, dark gray to black, 
- -~ medium plastic, soft to firm, wet, high organic debris 

-- ..... 

- - : : : : : 

\ (matted rootlets), odor, massive. (ALLUVIUM) / 

27.3-29.5 feet: SAND (SP). dark gray, medium, few silts and 
gravels to 1-inch, non~plastic, loose. wet, massive. 
(ALLUVIUM) 

--~~,,-,-+~~-~~--~~=-=~=-------------11 29.5-45.0 feet: SANDY SILT (MU, brown, very fine to fine, 

HCC=Continuous core sampler. Soil samples obtained from 5-foot split barrel sarnplBr. Recon water samples obtained at 

20 and 30 feet below ground surface. Water samples eollected through a 2-foot s:tainleu s.:teel well point connected to 

black iron pipe. Approximately 50 gallons of potable water added to control heave @ 40 and BO feet, 

Piezomet1H BT8·4·B4.0 installed in boring BTB-4A. 

0240·00S.:~~-:.!4000.1:lml2.6/29t9J,,,SEELS.2 



LOG OF EXPLORATORY BORING -
PROJECT NAME Rhone-Poulenc Ag Company 
LOCATION Portland, Oregon 
DRILLED BY GeoTech Explorations 
DRILL METHOD Hollow Stem Auger 
LOGGED BY Rick Fredricksen 

SAMPt..E RECOVERY • ~ ffi ~ z r ti w o 2 :i NUMBER PERCENT ~ 
~ f- w f- w ~ ro~ 

SAMPLE 0 " i:, ea ~ ~ ~ 0 ~ g ~ ..J 0 ~ " 
~~o 

• u 
TYPE 

CC-7 100 
- -

-1--

-
-
- --

--
-1--

-I-

--

CC-8 100 
- 35- -

--

- -

f-

- I-

BORING NO. BTB- 4A 
PAGE 3 OF 6 
REFERENCE ELEV. 39.76' 
TOTAL DEPTH B4.00' 
DA TE COMPLETED 5/19/93 

UTHOLOGIC 

DESCRIPTION 

some sift; lclWPlasticity, soft, wet, massive, mottled gray. 
(ALLUVIUM)· 

@ 37 .5 feet: becomes damp and firm. 

--
--

f- - -

- -

CC-9 40 f- 40-1-

- -
- -
-~ 

-

--

L 45-
REMARKS 

l@ 1)CC=Continuous core sarnpler. Soil samples obtained from 5-foot sp1it barrel sampler. Recon water samples obtained at 

20 and 30 feet below ground surface. Water samples collected through a 2 foot stainless steel well point connected to 

black: iron pipe. Approximately 50 gallons of potable water added to control heave @ 40 and 80 feet. 

P1ezometer BTB-4-84.0 installed i11 boring BTB-4A. 

EMCON Northwes1, Inc. 0240-00S.09.24DOO.slm/2.6!29193 ... SEELS.2 



r ... . ,;-''¥ " , . t:. Jj -,--· - . g ·~r 
LOG OF EXPLORATORY BORING 

PROJECT NAME Rhone-Poulenc Ag Company BORING NO. BTB-4A 
LOCATION Portland. Oregon PAGE 4 OF 6 

I 
DRILLED BY Geo Tech Explorations REFERENCE ELEV. 39.76' 
DRILL METHOD Hollow Stem Auger TOTAL DEPTH 84.00' 
LOGGED BY Rick Fredricksen DATE COMPLETED 5/19/93 

SAMPLE RECOVERY 
~ UTHOLOGIC C~0 "'~ z w 

0 !d ::E NUMBER PERC~NT Zw~ ~ 
:, I- w I- w ~ "' 0 :, DESCRIPTION 

SAMPLE 0 < i:; :a ~ ,. I- 0 ~ 
~~..I c~ :I ::::i ..I 0 

u 
TYPE 

CC-10 70 . . ... 45.0-46.6 feet:· "1L TY SANO (SP), brown, fine to medium, . . . . 

I- -f--
. . 

little silty fines, non-plastic, loose, wet, massive . 
.... 

(ALLUVIUM) 
r -f-- . . ... 

.... 

. . . . . 
46.6-47 .8 feet: SANDY SILT (ML}, brown, some fine sand, 

- - - low plasticity, soft, wet, massive. (ALLUVIUM) 
- - -
I- -f--

.... 
47 .8-49.0 feet: SIL TY SAND (SP), brown, fine to medium, . . ... . . . . . 

little silty fines, non-plastic, loose, wet, massive . 
r -- . . . . . .. . . . 

(ALLUVIUM) 
... -- 49.0-50.0 feet: SANDY SILT (ML), brown, little very fine 

- - sand, low plasticity, soft to firm, moist, massive. 

- 50 (ALLUVIUM) -CC-11 60 
... . . ... . . 50.0-54.0 feet: SIL TY SAND (SP), brown, fine to medium, 

I- --· . . ... . . few silty sands, non-plastic, loose, wet, thinly bedded . . . . . 
r - I- .. . . . 

with 0.1-inch laminae. (ALLUVIUM) . . . .. 
>- - I- •. . . .. . . . 
I- - f- ... .. . . . . . -... 
- - r- .. . . . 

. . . . . . . . - - . . . . 

- - ... . . 
. . . . . 
.. -

I 54.0-54.5 feet: SANDY SILT (ML), brown, some very fine 
>-

\ sand, low plasticity, firm, damp, massive. (ALLUVIUM) i .. 

CC-12 80 
1-- 55- I- : . 54.5-58.5 feet: SIL TY SAND (SP-SM), brown, very fine to 

>- - -· fine, few silty fines, non-plastic, slightly compact, damp, 
.. massive, abundant grains of mica. (ALLUVIUM) 

I- -f--

>- - f--· 
... 

I- - r- .. 

~ - -. 
.. 

I- -f-- .. 
. . . -- . . .. 58.5-65 .0 feet: SIL TY SAND (SP), dark brawn, very fine to 

I 
- -·. fine, little silty fines, non-plastic, loose, damp, thinly 

- r- .. bedded with 0.1-inch laminae, abundant grains of mica. 
(ALLUVIUM) 

60 
REMARKS 

~ 
l )CC= Continuous core sampler. Soil samples obtained from 5-foot split barrel sampler. Recon water samples: obtained at 

20 and 30 feet below ground surface. Water samples collected through a 2-foot stainless: steel well point connected to 

black: iron pipe. Approximately 50 gallons of potable water added to control heave @ 40 and 80 feet. 

Piezometer BTB-4-84.0 installed in bormg BTB-4A. 

EMCON Northwest. Inc. 0240-005.09 .2.i.000.slm/ 2.6/29/93 .. SEE LS. 2 



LOG OF EXPLORATORY BORING 

PROJECT NAME Rhone-Poulenc Ag Company BORING NO. BTB- 4A 
PAGE 5 OF 6 
REFERENCE ELEV. 39.76' 
TOTAL DEPTH 84.00' 
DATE COMPLETED 5/19/93 

LOCATION Portland, Oregon 
DRILLED BY GeoTech Explorations 
DRILL METHOD Hollow Stem Auger 
LOGGED BY Rick Fredricksen 

SAMPLE 

NUMBER 

SAMPLE 

TYPE 

CC-13 

CC-14 

CC-15 

RECOVERY I 
PERCE.~T I 

UTHOLOGIC 

DESCRIPTION 

70 

80 

80 

I 

REMARKS 

- t- : : : : : 

" 
-~ ..... 

- - .... 

- t- . ' ... 

. . . 

.,,, 58.5 feet:l:hhify bedded with 0.1-inch laminae, also 
increases in silt. 

@ 60.0 feet: becomes wet. 

1-- -t- ••••• 

-

e 

-

-
e 

" 

" 
r 

1--

r 

f-

-

- -

-

- t- ..•.. 

@ 64. 7 feet: becomes dry. 
65--.-ln.-mcrrl-~~~~~~~~~~~~~~~~~~~~~.-J 

65.0-69.0 feet: SANDY SILT (MLI, brown, some very fine 
--
- -
- -

-f-

- f-

-- : : : : 

sand, non-plastic, stiff, moist, massive. (ALLUVIUMI 

69.0-70.0 feet: SAND (SPI. brown, fine, trace of silt, 
non-plastic, loose, moist, massive. (ALLUVIUM) 

70--.-~·7·7·~::c+---~er.nn,<,,---c,--,..,.-"",,..-;.-..;,.-,;,cn,-.ccc--c-~~~~~~~-1 zo.0-80.0 feet: SIL TY SAND (SPJ, brown, very fine to fine, 
-- : .... few silty fines, non-plastic, loose, moist, faint thin 

-- bedding, abundant mica grains. (ALLUVIUM) 

- - .... 

- - ..... 

--. 

--
-- ..... 

- - . 

75 

1 )CC= Continuous core sampler. Soil samples obtained from 5-foot split barrel sampler. Re con water samples obtained at 

20 and 30 feet below ground surface. Water samples collected through a Z·foot stainless steel well point connected to 

black iron pipe. Approximately 50 gallons of potable water added to control heave @ 40 and 80 feet. 

Piezometer BTB-4-84.0 installed in boring BTB-4A, 

EMCON Northwest, Inc. 0240·005.09.24000.s:lm/2.6/29/93 ... SEELS.2 



LOG OF EXPLORATORY BORING 

PROJECT NAME Rhone-Poulenc Ag Company BORING NO. BTB- 4A 
PAGE 60F6 
REFERENCE ELEV. 39.76' 
TOTAL DEPTH 84.00' 
DA TE COMPLETED 5/19193 

LOCATION Portland, Oregon 
DRILLED BY GeoTech Explorations 
DRILL METHOD Hollow Stem Auger 
LOGGED BY Rick Fredricksen 

SAMPLE 

NUMBER 

SAMPLE 

TYPE 

CC-16 

CC-17 

RECOVERY 

PERCENT 
UTHOLOGIC 

DESCRIPTION 

80 

75 

REMARKS 

-

-
-

-

-........... 
-

- f-- •••• 

- - . 

-

- l-::::: 
- - ..... 

- - ..... 

80-<~r.-.-.-.-.+-~--~--~--~~-------------, 
80.0-83.0 feet: SAND {SP), dark gray, medium, trace of silt, 

- I- : : : : . 

- f-- - • 

- f-- • - . 

. . . -- ..... 

non-plastic, loose to medium dense, wet, massive. 
(ALLUVIUM) 

e- - - ..... 

-

-

. . . . 
-~rn~,"'J--c8~3~.~0-~8~4~.~0~f~e-et~:--;;-S.A~N~D~Y;-,;G~R~A'V"E~L'S"'{G~M=),-g-r-ay~i~s'h'b_ro_w_n-,--~ 

0 

85-

coarse, little silty fines as cement between gravels, some 
fine to medium sand, angular to sub-angular gravels to r 

\ 3-inch, very dense, wet, massive. (ALLUVIUM) 

Bottom of boring at 84.0 feet below ground surface. 
PIEZOMETER DETAILS: 
Installed a 2-inch diameter schedule 40 PVC screen with 

0.010-inch slots and 1-inch blank riser to approximately 
2-feet above ground surface. Total assembly 86.5 feet 
with a ten foot screen, 0.3-foot sump, 0.2 foot coupler, 
and 76-feet of riser pipe. Sand pack is composed of 
10-12 Colorado Silica sand. Seal composed of 3/4-inch 
bentonite chips to 69 feet, then bentonite grout to 3-feet 
below ground surface, locking steel monument installed 
over the top of the boring with concrete from 3-feet. 

1 )CC= Conlinuous core sampler. Soil samples obtained from 5-foot split barrel sampler. Re con water samples obtained at 

20 and 30 feet below ground surface. Water samples collected through a 2-foot &tainless steel well point connected to 

black iron pipe. Approximately 50 gallons of potable water added to control heave @ 40 and 80 feet. 

Piezometer BTB-4-84.0 installed in boring BT8-4A. 

EMCON Northwest. Inc. 0240-005.09.24000.slm/:2.6/29/93 ... SEELS.2 



LOG OF EXPLORATORY BORING 
. -~..:·· 

bfv- 4b-S5 
PROJECT NAME Rhone-Poulenc Ag Company BORING NO. BTB- 4B 
LOCATION Portland, Oregon 
DRILLED BY GeoTech Explorations 
DRILL METHOD Hollow Stem Auger 
LOGGED BY Rick Fredricksen 

SAMPLE RECOVERY • 0 "'. " ~ z w 02~ NUMBER PERCENT z w ~ ~::: ~ 
~~w 

~~ 
~ "0 ~ 

SAMPLE 

II 

0. ~ w ~ ~o~ 

g: ~ ...I 0 ,; • ::; ...J 0 

• u 
TYPE 

-

-

5-

-

f-

- 10-

-

-

-

REMARKS 

PAGE 1 OF 4 
REFERENCE ELEV. •• 
TOTAL DEPTH 55.00' 
DATE COMPLETED 5/25/93 

LJTHOLOGIC 

DESCRIPTION 

0-22.0 feet:· Sl~l'V SAND (SM), brown, fine to medium, 
some silt, non-plastic, loose to medium dense, damp, trace 
of rounded gravels to 1-inch, massive, some construction 
debris consisting of bricks, concrete debris, wood, glass, 
and metal. (FILLI 

1 )No soil or recon water samples obtained from boring. lithology descriptions based on samphng at boring BTB-4A and 

cuttings observation. Boring BTB-4B nested with boring BTB·4A. Piezometers BTB·4-25.0 and IJTB-4-55.0 installed in boring 

BTB-4B. "BTB-4-55.0 elevation is 39.81, BTB-4-25.0 elevation is: 39.54. 

EMCON Northwest. Inc. 0240-005.09 .24000 slm/2. 6129/93 ... SEELS.2 



LOG OF EXPLORATORY BORING 0\0~4-'t:~'s 
PROJECT NAME Rhone-Poulenc Ag Company BORING NO. BTB- 48 
LOCATION Portland, Oregon 
DRILLED BY GeoTech Explorations 
DRILL METHOD Hollow Stem Auger 
LOGGED BY Rick Fredricksen 

SAMPLE RECOVERY • z ~ ffi j " t; w 0 g ::i' NUMBER PERCENT ~ :,~w 1;:w ~ " 0 :, 
SAMPLE 0 <( .: w~ "' ~o~ 

g ::: _. 0 ~ <( ~~o 

• u 
TYPE 

I-

~ -

1- 20-

I-

-
- 25-: ... 

-

·-.... ..._ 

PAGE 2 OF 4 
REFERENCE ELEV. •• 
TOTAL DEPTH 55.00' 
DATE COMPLETED 5/25/93 

UTHOLOGIC 

DESCRIPTION 

22.0-26.5 feet: SAND (SP), dark gray, medium, trace of silt, 
'trace of rounded gravels to 1-inch, non-plastic, loose, wet, 
massive. (FILL) 

- • 26.5-27.3 feet: CLAYEY SILT (CL), dark gray to black, 
~ medium plastic, soft to firm, wet, high organic debris 

-

I-

30 
REMARKS 

· · · · I\ (matted rootlets), odor, massive. (ALLUVIUM) 

I 

27.3-29.5 feet: SAND (SP), dark gray, medium, few silts and 
gravels to 1-inch, non-plastic, loose, wet, massive. 
(ALLUVIUM) 

29.5-45.0 feet: SANDY SILT (ML), brown, very fine to fine, 

l@ 1 )No soil or re con water samples obtained from bonng Lithology descriptions based on sampling at boring BTB-4A and 

~ cuttings observatmn Boring BTB-4B nested with boring BTB-4A P1ezometers BTB-4-25 0 and BTB-4-55 0 installed in boring 

~ BTB-48 • BTB-4-55 0 elevation ts 39 81, BTB-4-25 0 elevation IS 39 54 

EMCON Northwest, Inc. 0240-005.09.24DOO.slrn/2.6/29/93 ... 5EELS.2 

r 



LOG OF EXPLORATORY BORING 'J 16 ~4/) ':-fJ 
PROJECT NAME Rhone-Poulenc Ag Company 
LOCATION Portland, Oregon 
DRILLED BY GeoTech Explorations 
DRILL METHOD Hollow Stem Auger 
LOGGED BY Rick Fredricksen 

SAMPLE I RECOVERY I I~~ a i!: !:i 
~ z w 

0 ~ " HUMBER PCRCCNT ~ 
~ "'0::, 

SAMPlE :oct~,fu11. ,. co~ 

• • 

;a:3: 'C~ " ~~o ' Cl : ~ " TYPE 
i 

~ -

- -
- -

-

- --

" -

- -
- -

i 
~ -

~ 35-

- -
- -
- -

-

- --
-·-

~ -
-

- -
- 40-

- -
-

- -
- -

- --
-

- -
-
-

I I •r 

REMARKS 

BORING NO. BTB- 4B 
PAGE 3 OF 4 
REFERENCE ELEV. +• 

TOT AL DEPTH 55.00' 
DA TE COMPLETED 5125193 

UTHOLOGIC 

DESCRIPTION 

som·e silt,·tow·y:,last1city, soft, wet, massive, mottled gray. 
(ALLUVIUM). 

1)No $Oil or reeon water samples obtained from boring, Lithology descriptions based on sampling at boring BTB-4A and 

cuttings observation. Bcrlng BTB-48 nested with boring BTB·4A. Piezometers BTB-4-25.0 and BTB-4,55.0 installed in boring 

BTB~4B. • BTB-4~55.0 elevation Ir> .19.81, BTB,4·25.0 elevation is 39.54. 

"' EMCON Northwest Inc. ______________________ 0_240-00$.09.:24000.sko/2.6/29/9:3 ... SEELS.2 ) 



····· '. fl- "~""' '".'lf' li"~-w. %f~~f17 :µ '"" 
LOG OF EXPLORATORY BORING n 11:2::i ~4 i,)7 • ~-;; 

PROJECT NAME Rhone-Poulenc Ag Company BORING NO. BTB-48 
LOCATION Portland, Oregon PAGE 4 OF 4 
DRILLED BY GeoT ech Explorations REFERENCE ELEV. *' 

DRILL METHOD Hollow Stem Auger TOTAL DEPTH 55.00' 
LOGGED BY Rick Fredricksen DATE COMPLETED 5125193 

SAMPL.f RECOVERY • LJTHOLOGIC c~• 
" f-

z w og~ NUMBER PERCENT Zw~ I;:::: ~ 
~f-W • " 0 ~ DESCRIPTION 

SAMPLE 0 " .; 
w ~ " t: 0 ~ 

g: ~ ..I C ~ ~ 
~ ~ 0 

0 
TYPE 

45.0-46.6 feet:·•SILTY SAND (SP), brown, fine to medium, 
- - little silty fin~s, non-plastic, loose, wet, massive. 

f- - (ALLUVIUM) .. . . . 
. . . . . 

-··· .. 
46.6-47.8 feet: SANDY SILT (ML), brown, some fine sand, 

-
low plasticity, soft, wet, massive. (ALLUVIUM) 

- --
.... 

47.8-49.0 feet: SIL TY SAND (SP), brown, fine to medium, f- - . . ... 
little silty fines, non-plastic, loose, wet, massive. 

f- - .... 
. . ... (ALLUVIUM) . . . . 

49.0-50.0 feet: SANDY SILT (ML), brown, little very fine 
- - sand, low plasticity, soft to firm, moist, massive. 

- 50 (ALLUVIUM) 
r ... 

.... 50.0-54.0 feet: SIL TY SAND (SP), brown, fine to medium, . . . . - .... few silty fines, non-plastic, loose, wet, thinly bedded with 
f- - .. 

0.1-inch laminae. (ALLUVIUM) 
.. 

f- -··· .... 
. . . 

- .. . . 
. . . . . 

-- -- ... 
. . . . 
. . . . - . . . .. 

. . . -
f- - .. . . 

I 54.0-54.5 feet: SANDY SILT (ML), brown, some very fine 
f- - ... 

\ sand, low plasticity, firm, damp, massive. (ALLUVIUM) r . . . 

I- 55 
... 

1 
54.5-55.0 feet: SIL TY SAND (SP-SM), brown, very fine to r 

f- - fine, few silty fines, non-plastic, slightly compact, damp, 
massive, abundant grains of mica. (ALLUVIUM) 

I 
f- - Bottom of boring at 55.0 feet below ground surface. 

- PIEZOMETER DETAILS: 

- Nested piezometer installed to 55 feet. Screened intervals 
are 45-55 feet and 15-25 feet. Screens consist of 2-inch 

- -- diameter schedule 40 PVC screen with 0.010-inch slots 

- and 1-inch blank riser to approximately 2-feet above 

- - ground surface. Total assembly are 57.2 and 27.4 with 
10-foot screens. Sand pack is composed of 10-12 

- Colorado Silica sand. Seal is composed of 314-inch 

- bentonite chips. A locking steel monument installed over 

60 
the top of the boring with concrete from 3-feet. 

REMARKS 

@ 
1 )No soil or rec:;on water samples; obtained from boring. Lithology desc:;riptions: based on sampling at boring BTB-4A and 

c:;uttings observation. Boring BTB-48 nei,;ted with boring BTB-4A. Pjezometers BTB-4-25.0 and BTB-4-55.0 installed in boring 

BTB-48. "BTB-4-55.0 ele\lation is 39.81, BTB-4-25.0 ele\lation is 39.54. 

EMCON Northwest, Inc. 0240-005.09.24000.slm/2.6/29/93 ... SEELS.2 , 



SOIL DESCRIPTION 

-
3

.. . ::·/<· SP 

-. ····.·•·•· 

s 

.· .. ·. 

-. ·./. 
·.·. 

-:· 
-: ·< 

>. ~3· ·. 
,a- ..... 

. . ·. 
- .· 

_<< 
-:<:::.-

.. 

-< < 
4~ ) .. 

......... 

->/ 
- . 
_.· •. i··.· 

-·····i> 
> .·· 

-45- ·•······ 
' .. 

l•· 

+:: 
: 
J 

'~ -55-
§ 
z 
~ -
~ -
~ 
Ir -
~ " -< 

Brown to gray, fimi SANO; saturated. 

--------------------------GW GRAVEL. Hard, slow drilling. 

Total depth= 50.0 feel below ground surface due to refusal in 
basalt. 

e >-w ~ Z:, ~ 
:, J wi, 

w o.: .., 0> :!z .. s: z §c 
"' ~, :Ii o:l 

>0: 

0.4 

0.0 

1.4 

0.2 

"' I!! ~ 
l cf1 

~~i z 
:, 9i~ 0 

"' ~'.II!! 0 

WELL SCHEMATIC 

20/40 Colorado Silica 
Sand (50 Bags} 

Wel!Screen 
(304 Stainless Slee\, 
6.0-inch 1.0. with 
0.010-inch slots) 

10/20 Colorado Silica 
Sand (1 Bag) 
Welded Plate End 
Cap 

~HID--'----J_ _ _J_ ______________________ _J_ __ _J__--J--_J __ L _____ L __ J_ _______ --j 

~ 
~ BORING METHOD: Hollow Siem Auger ELEVATION REFERENCE: 

~ BOREHOLE DIAMETER: 14.25 (in) GROUND SURFACI: ELEVATION: 

i ORILLRJG: CASING ELEVATION: 

;; 
o CONTRACTOR: Cascadli! Drilling/Darryl START CARDITAG ID: 1657921L6S1711 

~ 
~ LOGGED BY: L. Glonek DRILLING DA lES: 511312004 • 5113/2004 

g 
~ AMEC Earth & Environmental, Inc. 
g RP - Portland Site 7376 SW Durham Road 
::l Portland, Oregon 
~ USA 97224 
§; 0-61M-107030 TSO Tel +1 (503) 639...3400 
z Fax +1 (503) 620-7892 "''-------------------'----"-----------

REMARKS: 

ame& LOG OF BORING 
EW-1 
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" u >- SOIL DESCRIPTION 
:i: "' .. "' ~ u 

"' " => 

E >-w .. z,, .. "~ "'o w O<t 
~ 

U> ~~ .. ;tz :s" ,. 0 ,_ 
g~ ::l '"ii; 

0.0 

0.0 

~rt~--~--~------------------------ML Brown SANDY SILT; moi5t. 

-10-

-------------------------ML Brown to gray SILT with trace sand; wet. 0.0 
-
-

-1Sr-

-
-

0.0 
-
-

-20-

-
-

a: 
I!! ~ 
" 15 og 

~~i z 
=> 9~~ 0 
a: !l!:51!! " 

WELL SCHEMATIC 
Above.ground 

~Monumenl with 
Loc;king Cap 

r. 
·-.•:· ~~ i-Cement 

I. ~ 1: -casing 
~; (30~ Stainless Steel, 

~" ,.~ 6.0-mchl.D.) 
A- ~: 
~ :: 

ij :~ -Bentonite Chips 
1% '~ (Pure Gold, Medium) 

ij ,, 

l
;g, :: 
~ 

~ 't.',. 

,, ~ 
~ 
~ 
ti ,,. 
·Y2 
:~ 

I 
~ 
~-20/40 Colorado Silica 
:l'E~ Sand {30.5 Bag5) 

1i1 Well Screen 
(304 Stainless Steel, 
6.0-inch 1.0. with 
0.010-inch 5lot:s) 

02 -~-

1-,!5>--i-:H-H--.M~,- -a.:,•c sec~, a.r,,,,,,c - - - - - - - - - - Ill 
! ~ - ~I 
~ r-

30
J_U_U _ _J ______________________ _J'..__ _ _J __ l..__L _ _L _____ _j·,·~,!::ifi!jL _______ _J 

" g BORING METHOD: Hollow Stem Auger ,_ 
g BOREHOLE DIAMETER: 14.Z5 (in) 

~ 
~ DRILL RIG: 

0
1" 

CONTRACTOR: Cascade Drilling/Darryl 

W
~ 
D:". LOGGED BY: L. Gionet 

\1 
ea 
al RP - Portland Site 

ELEVATION REFERENCE: 

GROUND SURFACE ELEVATION: 

CASING ELEVATION: 

START CARDITAG ID: 16579411..69713 

DRIU..IHG CA TES: 5112/2004 - 5112/2004 

AMEC Earth & Environmental, tnc. 
7376 SW Durham Road 

::l Portiand, Oregon 
~ USA 97224 

REPM.RKS: 

ame& LOG OF BORING 
EW-2 

"' 0-61M-107030 TSO Tel +1 (503) 639-3400 
~-----------------L.F_a,_+1....:..(s_o...:3:...) 6...:2:...0_-7_:B_9_2 _______________ -'-___ P_A_G_E_1_o_F_2 __ _, 
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~ \1 SOIL DESCRIPTION 
:c " .. " :ii ~ 
0 " 

ML Soft, ;ray SILT; wet. ~, '. 

~ ~s-,~,----------------------------
11 Tota\ eiepth = 35 .0 feet below ground s.urface. 

] 
-

-

-

-
-

-

-

1 

J 
J 
-

w .., .. 
" "' .. 

e "' >-w I'! 
"" il: < ".., ~; ~ 0<( 
0:,, Fa" z 
;::z :l !1 :, 
01- &'! .., .. gl:! .... " o.u 

2.3 

?;: 
og 
~~i oo-uf ID t; 
ii: :l 1'! 

WELL SCHEMATIC 

20/40 Colorado Silica 
Sand (30.5 Bags) 

Well Screen 
(304 Stainless Steel, 
6.0-inch 1.0. with 
0.010-inch slots) 

Welded Plate End 
Cop 

§f-l;,1rL_L _ _L ______________________ _L __ _L_+ _ _1_ _ _c _____ _J ___ L_ _______ -j 

ELEVA TlON REFERENCE: ~ BORING METHOO: Hollow Stem Auger 

i BOREHOLE OIAMETER: 14.25 (In) 

DRILL RIG: 
~ 
m 
o CONTRACTOR: cascade Drilling/Darryl 
N 
> 
~ LOGGE:0 B'f: L. GIOnek 

" z 
ii: 
al. RP - Portland Site 

GROUNO SURFACE ELEVATION: 

CASING ELEVATION: 

START CARD/TAG ID: 1657941L65713 

DRILLING DATES: 5!12/2004 - 5112/2004 

AMEC Earth & Environmental, Inc. 
7376 SW Durham Road 

j Portland, Oregon 
~ USA 97224 

REMARKS: 

ame& LOG OF BORING 
EW-2 

oc 0~1M-107030 T60 Tel +1 (503) 639-3400 ffil.. ________________ .L..:.F.:•::•_:•_:1_:(.:50:3~):_:6:2:;:0:_:-7:_:8:9;2 ________________ ....J. __ ...;,P;...A...:G...:E:.....:2_0:...F_2 __ .J 
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SOIL DESCRIPTION w 
~ .. ,. 
" 

E o-w ~ Z:, ~ :,~ w;; a« 
"'" ~z 
s:z ;~ 00-
~ .. ow 

"' I" ?i 
i og 

~~~ WELL SCHEMATIC 
z 
:, ca,= Above·ground 
a ~m., ~Monument with 

"' :l! :l I" Locking Cap <> ~ i ~ 
O-t,crn,.l-,G~M,..,..-i--;c8~ro~w~n~S~l"LTY=-~s7AN'-"D~Y~G~RA'"""V~E"L~(~Fl"L~W~,~w~~~ro~u~nd~e~d~c~o~b~bl~e~s~-+-~~f-~_L_~f-~f-~~~~-j,:rl "' m,n '""' Cement 

(up lo 4.0 inches diameter); moist. 

I 

0 

-+------------------------ML Brown SANDY SILT; moist. 

5~ 
I 

ML Dark: gray SILT with trace sand: moist to wet. 

Color changes to gray. 

Gray SILT with trace sand; wet to saturated. 

0.0 ,, 
, 

,, 
,, 

,, 

0.0 

0.0 

0.1 

0.1 

0.1 

Casing 
(304 Stainless Steel, 
6.D-inch 1.0.) 

Bentonite Chips 
(Pure Go\d, Medium, 
15 Bags) 

20140 Colorado smca 
Sand (34.5 Bags) 

Well Screen 
(304 Stainless Steel, 
6.D-inch 1.0. with 
0.01 D-inch slots) 

~3µWL_L ________________ J __ L~-L~~---J~-L-----~ 
~ 
@ BORING METHOD: Hollow Stem Auger I BOREHOLE DIAMETER, 14.25 (;nJ 

~ DRILL RIG: 
;;; 
0 CONTRACTOR: Cascade Drllling/Oarryl 

<;: 
'& LOGGED BY: L. Glonek 

§1 

~ RP - Portland Site 
~ i 0-61 M-107030 TSO 

ELEVATION REFERENCE: 

GROUND SURFACE ELEVATION: 

CASIN<i ELEVATION: 

STARTCARDITAG ID: 1657S3fL69712 

DRILLING DATES: 5112/2004- 5112/2004 

AMEC Earth & Environmental, Inc. 
7376 SW Durham Road 
Portland, Oregon 
USA 97224 
Tel •1 (503) 639-3400 
Fax +1 (503) 620-7892 

REMARKS; 

ame& LOG OF BORING 
EW-3 
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'"'2., ~i \) -



" 0 -' 
"' 0 g 
~ -' 
!o "' 0 > 
% x .. ... .. .. .. : 0 w .. 
C " :, 

E "' <-w ~ ~ Ii z:, ~ 
:, -' w;; 3: cO 

SOIL DESCRIPTION w O.,: C Zit, WELL SCHEMATIC 
-' 0> -' z z "' z .. ;cz ;~ :, goi= 
~ 01- lil wm<O 

al:; ow u: :s~ "' >0: 0 
.-3: 

ML := ~~'--20140 Colorado Silica = Sand {34.5 Bags) 

= 3 .. -Well screen 

j 
..._3 _J I 11 I 

0.1 

J 
(304 Stainless Steel, 
6.0-inch I.D. with 
0.010.lnch slots) 

1--welded Plate End 
Cap Total depth= 35.0 feet below ground surface. 

~ 
l-4D-1 
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--45--

-
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-
~0-

-
-
-
-

b 
~ -55-
~ 

I ~I 
"Hm--'---'----'------------------------_1_ __ __1-_-+----'--'------.c...---J_--------l 
0 § BORING METHOD: Hollow Stem Auger ELEVATION REFERENCE: 

REMARKS: 

CASING ELEVATION: I 

i :::c::,R~. ::::::• D,HHngn>a,~I :::~L~N:::;:.~ l::::::~'~:·::04 
1 

g BOREHOLE DIAMETER: 14.25 (in) 

~ 
:!: DRlLL RIG: 
.; 

GROUND SURFACE ELEVATION: 

,1 
E ! AMEC Earth & Environmental, Inc. & I 
~ Portland, Oregon 

USA 97224 

LOG OF BORING 
EW-3 

~~ RP - Portland Site 17376 SW Dumam Road ame L: I 

"' 0~1M-107030 TSO I Tel +1 (503) 639-3400 ffi Fax +1 (503) 620-7892 '1 PAGE 2 OF 2 .__ ___________ J..._:___:__:_.:_ ____________ --l. ______ __,, 
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SUMMARY RE: 
WELL AND PIEZOMETER INSTALLATION 
REMEDIAL PLAN 
AGROCHEMICAL FACILITY 
PORTLAND, OREGON 

FEBRUARY •:29 ;'"-1984' 
1 ioaa:.:oci4-o4 · · · · · 

T' .•. 

Dames& Moore 

PORTLA~ID ~ OREGO~~ 
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Dames & Moore 

=~~ 

-

IZ:?.O S.W. Morrison Street 
rortland, Orei;?,;on 97205 
(503) 2!8-7688 

February 29, 1984 

Rhone-Poulenc, Inc. 
6200 N.W. St. Helens Road 
Portland., Oregon 97210 

Attention: Mr. R. L. Ferguson 

Gentlemen: 

Summary Re: 
Well and Piezometer Installation 
Remedial Plan 
Agrochemical Facility · 
Portland, Oregon 

This letter summarizes the installation of shallow grounawater 
withdrawal wells and groundwater monitoring piezometers recently installed~ 
the Portland facility. The wells and piezome ters were · ins'talled -in general 
accot:'dance with the remedial plan recom:mended in our report of October 3, 
1983. The remedial· plan was developed to withdraw and treat contaminated 
shallow groundwater within the northwe·sterly portion of the plant. .. The 
proposed remedial plan was reviewed by the eregon Department of Environmentai 
Quality (OEQ) staff, who suggested ·minor modification of the plan. The 
adopted plan included 8 shallow withdrawal wells· and 6 shallow piezometers 
which were installed at the locations shown on Attachment 1. 

The wells are intended to withdraw water from the predominantly 
silty soils that generally extend from the surface to depths of 25 ft or so. 
These silty soils are usually underlain by relatively clean gray fine sand. 
The wells and piezometers were installed so that they do not extend''into the 
lo\oler sand., and a minimum thickness of the silty soils is maintained between 
the well bottom and the sand. 

The wells and piezometers were installed by Pitner Drilling & Pump 
Co. of Vancouver, Washington, during December 1983 and January 1984. A 
truck-mounted cable tool drill rig was used to ins tall the wells and piezo
meters. All of the soils and cuttings removed from the borings were dir_ectly 
placed in metal drums for disposition by Rhone-Poulenc, Inc. The wells were 
installed in general accordance with the following procedure and as illus
trated by the sketch on page 3. 

1. Drill with 18 in. diameter churn drill bit to depth of 15 to 
20 ft. Advance 18 in. diameter steel casing as the ~boring 
progresses. 

.-
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R~one-Poulenc, Inc. 
February 29, 1984 
Page TWO 

Dames & Moore 
-~ 

2. -Place all soil a·nd cuttings in metal drums provided by Rhone
Poulenc. 

3. Probe with 6 in. diameter core barrel 
below bottom of 18 in. diameter boring. 
of well. 

to investigate soils 
Determine final depth 

4. Complete drilling and casing of 18 in. diameter boring to 
scheduled depth. 

5. Thoroughly bail boring to remove all soil cuttings. 

6. Install 12 in. diameter PVC casing to scheduled depth. 

7. Backfill annular space between PVC and steel casing with 
sand. Slowly pull steel casing as sand is placed. 

B. .Continue placing sand to a depth of about 5 ft below grou:Qd 
surface. Remove steel casing and install a minimum 3 ft thick 
bentoni te seal. Leave top ?f bentoni_te seal abou 1; ·1 1 /2 ft 
below ground surf ace to· permit installation of protect:ive 
casing and cement grout by Rhone-Pdulenc. 

9. Two of the wells were. constructed by deepening the existing 
Rhone-Poulenc standpipes SP-7 and SP-10. Following_ removal of 
the existing casimg, the wells were installed in accordance 
with the previously described procedure. 

The monitoring piezometers were in~talled in a similar manner 
in accorda:,ce with the following procedure and as shown by the sketch on 
page 4. 

1. Drill to scheduled depth using 6 in. diameter core barrel. 

2. Install 6 in. diameter steel casing and clean out boring. 

3. Install slotted 2 in. diameter PVC casing. 

4. Backfill annular space between PVC and steel casing with 
sand. Slowly pull steel casing as sand is placed. 

S. Place sand to about 3 ft below ground surface a~d remove steel 
casing. Install a minimum 3 ft thick bentonite seal6 



Rhone-Poulenc, Inc. 
February 29, 1984 
Page Five 

Dames & Moore 

Inst:nlation details for the wells and pie2ometers are tabulated on 
the attachments. Friction coupling were used to join sections of casings. 

The driller obtained representative samples of the soils en
countered in the borings, and the samples were examined in the field by an 
engineer from this office. The final exploratory drilling, utilizing the 
core barrel, for each well and pie:,;ometer was observed by our engineer in 
order -to deterllline the depth of the casing and the depth of screen, or slots. 
The general subsurface conditions encountered during the drilling are sum
marized on the attachments. 

Following installation, the groundwater levels were measured and 
the results are also shown on the attachments. During this operation, it was 
noted that fine silty sediments have accumulated in the bottom of some of the 
wells and piezometers. We anticipate that this material can be removed by 
pumping. 

Please contact us if you have any questions regarding the infer-· 
mation provided in·this report. 

DJH:ca 
12088-004 
Attachments 

Yours very truly, 

DAMES & MOORE 

i)~~ 
Dwight J. Hardin 

l 
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11ell or Surface Date Depth of slotted Depth of Stick up Groundwater Level 
Piezometer Elevation Completed Casing (Al{ ft) screen (Bl( ft l Seal (Cl( ft) (Dl( ft) Depth(ft) Date 

P-100 12-22-83 24.4 7.0 5,0 1,6 14.9 12-29-83 
15.0 01-23-64 

P-101 · 12-23-63 24.0 . 4.0 3.0 1.4 13.4 12-.29-83 
13.6 01-23-84 

l'-102 12-27-83 ::u.o. 4,0 3.0 1.6 4.7 12~9-83 
4.3 01 3-84 

P-103 12-27-83 29.0 3,0 2.0 1,6 13.4 12-29-83 
12,5 01-23-84 

P-104 12-28-83 2q_,4 s.o 4,0 1.7 4.1 12-29-83 
4,8 01-23-84 

P-105 12-29-83 24,0 4,0 3.0 1.7 5,3 12-;!9-83 
5,6 01-23-84 

G? w-100 01-09-84 26,5 16,5 5.0 1.9 12.5 01-23-84 

H w-200 01-10-84 25,5 15.5 s.o 1.4 12 ,9 01-23-84 

€ W-300 01-11-84 28,5 10.5 5,0 1 .o 12,8 01-23-84 

[) 1,-400 12-30-83 22.0 12,0 5,0 1. 7 7.3 01-23-84 

B " w-soo 01-05-84 22.5 12.5 s.o 3.0 7,5 01-23-84 

A w-600 01-03-84 26,5 16,5 s.o 1 • 1 12.3 01-23-84 

F SP-7 01-12-84 24,0 16,0 5,0 1,6 6.4 01-23-84 

C: SP-10 01-06-84 24,0 14,0 5,0 2.0 6,4 01-23-84 

~! 

NlYl'i::S: •l 

1 • Depths are referenced .to adjacent ground surface, . . 
2, see Pag~s 3 and 4 for details of construction. I 
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Depth 
Well or ( ft) 

Pie:z:o- -From - To 

P-100 10 to 15 

15 to 20 

20 to 24 

P-101 10 to 16 

16 to 22 1/2 

22 1/2 to 26 1/2 

·p-102 8 1 /2 to 9 1/2 

9 1/2 to 15 

15 to 20 

20 to 24 

P-103 o to 15 

15 to 25 

25 to 30 

P-10~ 

15 to 19 

LOG OF MATERIALS 

Description of Materials 

Grayish brown silt (very stong 
chemical odor l • 

Grayish brown sandy silt (very strong 
chemical odor) • 

Grayish brown to brownish gray silty 
fine sand (slight chemical odor). 

Brownish gray fine sandy silt (very 
strong chemical odor). 

Brownish gray silty fine sand and 
fine sandy silt (very strong chemical 
odor). 

Brownish gray fine sand with some 
silt (strong chemical odor). -: 

~ 

Grayish brown silt (strong chemical 
odor). 

Grayish brown to brownish gray fine 
sandy silt (slight chemical odor). 

Slightly clayey grayish brpwn silt 
(very strong chemical odor). 

Brownish gray silty fine sand (slight 
chemical odor). 

Brown and gray fine sandy si.,J.t. fill 
with occasional fine coarse gravel. 

Brown fine sandy silt (slight chemi
cal odor). 

Gray silty fine sand (slight chemical 
odor to 29 ft, no chemical odor at 30 
ft). 

Gray and brown slightly gravelly fill 
(no chemical odor). 

Gray and brown gravelly fine sandy 
silt (no chemical odor). 

i 

I 
I 

i 
I. 
! 
' 

I 
' I 
i 
• ! 

; 

l 

I 
I 
l 
I 
I 

I 
I 
' 



Well or 
Piezo 

P-105 

w-100 

W-200 

Depth 
(ft) 

IW<>m - To 

19 to "20 

0 to 2 

2 to 9 

9· to 11 

11 to 24 

20 to 25 

25 to 26 1/2 

26 1/2 to 29 

20 to 22 

22 to 24 

24 to 25 

25 to 26 1/2 

26 1/2 to 30 

30 to 34 

LOG Or MAT!':RII\LS (Cont'd) 

Oescriotion of Materials 

Gray fine sandy silt (no chemical 
odor). 

Brown -fine sandy silt fill 
gravel (no chemical odor). 

with 

Dark brown to black slightly silty 
fine sand fill (slight chemical 
odor"). 

Kixture of gray, brown and dark gray 
fine sandy silt (possible fill) 
(slight chemical odor). 

Brown fine sandy silt (slight chemi
cal odor). 

Gray fine sandy silt (fill) (sliqlit, 
chemical· odor J. 

Gray silty fine sand with pieces of 
wire (fill)· (slight 9hemical odor). 

Gray fine sandy silt (slight chemical 
odor). 

Gray fine sand (strong chemical 
odor). 

Dark brown silty fine sand (slight 
chemical odor). 

Brown fine sandy silt C slight ·chemi
cal odor). 

Gradational zone of fine sandy silt 
to silty fine s~nd (slight chemical 
odor). 

Brown silty fine sand with fine sandy 
silt lenses (slight chemical odor). 

Brown silty fine sand with increasing 
sand lenses (slight chemical odor). 

Brown silty fine sand (slight .chemi
cal odor). 

-

l 
I 
' 



Well or 
Piezo -

W-300 

W-400 

w-soo 

LOG OF t-11\TERII\LS (Cont'd) 

Depth 
(ft) 

-From - To 

34 to 36 

20 to 23 

23 to 24 1/2 

24 1/2 to 26 

26 to 29 

29 to 32 

32 to 36 

36 to 36 1/2 

36 1/2 to 38 1/2 

o to 12 

12 to 19 

19 to 22 

22 to 26 

26 to 27 

27 to 27 

16 1/2 to 16 1/2 

Description of Materials 

Gray fine sand (very strong chemical 
odor). 

Brown fine sandy silt (slight chemi
cal odor). 

Gray fine sandy silt (slight chemical 
odor). 

Gray silty fine sand (slight chemical 
odor). 

Material grades from a light brownish 
gray fine sandy silt to a silty fine 
sand (siight chemical odor). 

Gray silty fine sand (slight chemical 
.odor). "'! ._.-- ~ .. 
Brown silty fine sand (slight chemi-
cal odor). 

Brown fine sandy silt (slight chemi
cal odor). 

Gray fine sand (stropg chemical 
odor l •. 

Brown fine sandy silt fill with 
occasional gravel and debris. 

Brown silt. 

Gra_y fine sandy silt to silty fine 
sand. 

Gray silty fine sand to fine sandy 
silt (slight chemical odor). 

Brown silt (strong chemical odor). 

Gray fine sand (strong chemical 
odor). 

TWO inch lense of sand (strong 
chemical odor l. 

' l 

I 
I , 



Well or 
Piezo 

W-600 

SP-7 

SP-10 

LOG or MATERIALS (Cont'd) 

Depth 
(ft) 

F""'lll - To Descrip;ion of Materials 

Hi 1/2 UL2.0. 1 /2 Brown fine sandy silt to silty fine 
sand.,. 

20 1/2 to 22 

22 to 23 1/2 

23 1/2 to 26 

26 to 27 1/2 

27 1/2 to 27 

20 to 22 

22 to 25 1/2 

25 1/2 to i6 

26 to 31 1/2 

31 1/2 to 32 

19 1/2 to 25 

25 ·to 27 

27 to 29 

29 to 31 

31 to 32 

20 to 27 

1/2 

Gray silty fine sand. 

Brownish gray silt. 

Brownish gray silt with sand layers. 

Gray fine sandy silt. 

Gray fine sand. 

Gray and brown fine sandy silt. 

Brown fine sandy silt. 

Gray fine to medium sand with a trtce' 
of silt. • 

Brown fine sandy silt, 

Gray fine sand (slight chemical 
odor). ' 

Gray fine sandy silt (slight chemical 
odor). 

Gray silty fine sand (slight chemical 
odor). 

Gradational zone of brown fine sandy 
silt to silty fine sand (slight •· · · 
chemical odor). 

Brownish gray silty fine sand with 
fine sand lenses (slight chemical 
odor). 

Gray fine sand (strong chemical 
odor J. 

Srown fine sandy silt with lenses of 
gray fine sandy silt ~nd pieces of 
wire { fill l ( slight chemical odor). 

I 

I 



Well QJ'. 
Piezo -· 

Depth 
(ft) 

From - To 

27 to 29 

29 to 30 

LOG Of MATERIALS (Conell 

Description of Materials 

Gradational zone of·gray fine sandy 
silt to silty fine sand with pieces 
of wire (fill! (slight chemical 
odor). 

Gray fine sand (slight chemical 
odor), 

" 



Project: RPAC Mod. 10 NAPL Investigation 

Project Location: Portland, Oregon 

Project Number: 92C0804A / 33 

Log of Boring G-1 

Sheet 1 of 2 

Date(s) 
Drilled 

Drilling 
Method 

Drill Rig 
Type 

Sampler 
Type 

Borehole 
Completion 

., 
r:::J • • - . a"' ,Q~ . ., :a; 

c.c: • 

2/3/98. 214198 

Geoprobe / Direct Push 

Truck-mounted Geoprobe 

2-foot-long by 1-inch-dia. direct 
oust\ sediment core sampler 

Bentonite grout 

SAMPLES • a._ 
=c EE .c 

~ 
~"i;J-":" • a. 

"a._ C/J a. u 
ro ~ ••• ••c 
>. ~ a. 0. .co> >a.·- .~; i: 

8 E-: •• o • E E u al a. 
uJ ::-=. a.a ro o, 00 m CJ C ~ ll.l ro C - " "0 

C/J Z ro.E C: U):;:::: "- f-- "' __, 

-

f--3 5 

- ' ~=~1--c-cc=!-o,,c.c-!Y. l f"'.. 
3!6-81 18/24 958 

I 

Logged 
By 
Drill Bit 
Size/Type 

Drilling 
Contractor 

D. Weatherby 

1-inch-dia. steel probe 

Cascade Drilling, Inc. 

1 Chacked 
By 

Total Depth 
of Borehole 

Surface 
Elevation 

Groundwater Depth 
and Date Measured Soil becomes saturated at 24 feet 

I Comments See site pl~n for boring location. 

en_ I a• __, .,,, 
.S::c'.3 I 
0, 
OC/J au 
.c: "' ·'= =i __, -

MATERIAL DESCRIPTION 

,--Becomes medium gray with reddish brown mottles, 
- 5 % angular gravel and brick fragments, no wood. 

r .--with aceas ot dark gcay to black mottles/staining. 

-

----- --r-- --- --- -- -·-- --- --- ·- --- --- -- -- -- ----- ---- -- -- ---· ----- --
ML Moist, medium gray, c!ayey SILT, with decomposed 

roots and black {manganese?) concretions; no notie:eable 

~ 
phenolic odor; no sheen forms when water added to 
sample. 

-25 

10 -ff,• 1-;,~, ,-o"-1"2"1 +"""'"' .c-t::-> ,, o"o"'o~ Iv V 

V 
V 

6 (12-14) 20124 49 

7 114-16) 22/24 78 

15- ,' I 

., a (16-1a1 22124 1a 

' -

I/ 
V 

I/ 
I/ 

r--secomes medium brown with light gray and 
yellowish brown mottles, no roocs or black 
concretions; no visible sheen. 

ML Moist, medium brown, SILT witli fine sand and clay, 
_ light gray and yellowish brown mottles. 

-

-

··~-----+-c--+-~---, - - ·.-----1---------- --- ···--------·------------------------------· 
9 ( 18 201 22/24 1 l O ML Wet, medium brown, fine sandy SILT with clay, 

I 

micaceous; - 20 brown l'ljAPL b\ebs < 1 /1 6 inch, 
t continuous sheen i.i upper 3 inches_ of sample rube. 

10120-221 ~I- - ~-I 
''· I I f 'No sample cecovecy at 20-22 teer. 

~~· 16l r-1 : ML f wL to Sa!Ucated, medium brown, fine sandy SILT, 

-

20-

>--15 

-

D. Weatherby 

48.0 feet 

37.42 feet MSL 

REMARKS 

·~ 

, 1 _r _ ;,-L- -.f m1c-aceous; -n~ .V<si~l.e ~A~L- cont,nuou-s -she-en. 

·,· 1_2 !2<1--261 21/24 464 ; ,,,. Satu.rated, medium brown, clayey SILT with fine sand; 

ZS--''~t·c__ ___ ...L ___ J___---''l___L...t'----'-~n~o:....:v~,s~,b~l=e~N--"-'A~P~L~;~c~o~n~ti~n~u~o~u~s~s~h~e=e~n~.----~~~~~-'-~~~~~~---~ 

'ccm~,..,,,~, ~,w~,~av~,~,.~,~,------------Wood ward-Clyde 6;-----------------,G"· ,~ 

, - \ 



Project: RPAC Mod. 10 NAPL Investigation Log of Boring G-1 

Sheet 2 of 2 
Project Location: Portland, Oregon 

Project Number: 92C0804A / 33 

C ::J 
0'" 
·.:;~ 

rn ->. •• LU:=. 

L1Q 

LS 

-0 

'- -5 

L-_, 0 

L- -15 

SAMPLES • 
•• c._ -• .c :a EE o-.c- o._ ~-0--;- rn c. 

C u, C. c.<: • • • rn ••c 
~ C.1c "'°0> >o.·-

8 E--: ~. " .c 
C. 

MATERIAL DESCRIPTION REMARKS 
0. 
00 

25 

. 

30 

35-

. 

. 

. 

40-

E E -c ~ 
rn 0 c- ru rn C 

(/} Z ra.£ a:f.11·-

,·r 12 {24-26) 21124 

13 (26-281 16/24 

·> 
) 4 (26-301 20124 

0 "" - " u. >-
464 

110 

341 

rn c, 
~ 0 

('.J ..J 

I 
I __ ~. f.1- _ MM .. LL _____ ;;;!?~~~-~-~~;~~~ _ ~~~~~~ -~1-L-~ -~~~~ _c_l~~-~~-d-:i_n_~ _s_a~~~ _ ·j 

1

: Saturared, medium brown, sandy S!L T, micaceous . 

-~---~: 
,::· 15 1,30<32) 17124 >1000 

• •. J .• --s,,,- ... ~i~~~~!~d~~~f i~~~·j,;~;.;~: ·,;r,~ i;~·~ sANo; ·,;,,~;~~·~~;;-. ~1 
rt• 

ffi-==:-:::,,.-fcc=c+-:c=ci' i' i·.. f-r- No visible sheen. 

.... •-• 1·• •.• '"'" , ~iri::; :::f :f 'i '" o ,.,; ''" · c,c; ;;;c -- - _ j 

I 
I 

16 {32-34) 20/24 484 
<" 

., 17 {34-36) 20/24 118 ,· 

.·,: 

. ------r--2. ~ ?9 __ b!9.~!1-~~-L- ~l~~~ _ :S] f J _6_ !1]~~; _ _ _ _ _ _ _ ________ -

[ ••••• SM :.~~~[a~;~h~!:.gr.a.y,.~11:y.S~N~,-~i·c·a·ceous; no.vi.s~~le ___ ~g~tlling for 213198 at 

,. 
18 (36-38) 18/24 2'11 ··.· .. ::: SP-SM Saturated, dark gray, SAND with silt, micaceous. ~t~~~;.dri/ling on 2/4/98 

{ .... -- -- ---~ -- -- -- --- -- - -- ------ ----- - -- - - -- -- - -- - ---- - ---
19 (38-40) 18/24 7 SM Saturated, dark gray, silty SAND, micaceous. 

r: ... · 
-

20 140-42) 18/24 68 

~:-~I;: ~~~-~~~ ~~ ~ ~-~t::~~~~~ ~~~~~~~r~a:~·~ ~~~~:~: ~:i~~ -~i~~·: ~i~~~c:e:~~~ ~ ~-~ ~ ~ ~ ~ ~ ~ 
'-,-,-14~2--4-4-1+1~8~/2~4-lf-c,n · .;;·.. SM J Saturated, dark gray, silty SAND, micaceous. 

45 

_ ·· 22 14446) 118/24 21 ; · .••• ;,·,;.;,·M ~. s·;,~;;;~d:. d;;k·~;;;: sANo. ,;;;;h ·~;i;: ,:,,";~~·~~~~; :-- . -- -. ~ 

·" 23 J4B-4sJ 23124 ·- ::\ ~:- --/\,il--t-s·a-1Ul'ated:·rriedi·U-m-brO~ri~-s-a-ridY-Silf-niiCf!CeOUS; ___ ----

~ 
50-

. continuous sheen. 
- . -. ~,-c-- -saturated~ "fTie-d1l.ini" brown: ·s1i--(,;.,it"h ·ffne ·sanci" an Ci Ciay; .. End drilling at 091 0 on 

j continuous sheen. ________________ +2_1_4_i9_B_. _______ -I 

Boring terminated at 48.0 feet due to refusal; basalt 
fragments in nose of sampler, 

1 
I 

j i 
... l_"_"-,,-,-,:-~-,,--

1
,~··,~,c~,~~~~~~~~~~~~~~~~~~~~~~~-WLo_o_d_w_a_r_d ___ C_l_y_d_e __ e _____________________________________ -'_-_-_-_-_-_-_-_-_-_-_-_-_-_-.,,c-.-:-,-' 



Project: RPAC Mod. 10 NAPL Investigation 

Project Location: Portland, Oregon 

Project Number: 92C0804A / 33 

Log of Boring G-1 0 

Sheet 1 of 2 

Date(s) 
Drilled 

Drilling 
Method 

Drill Rig 
Type 

Sampler 
Type 

Borehole 
Completion 

1/20/98.1122/98 

Geoprobe I Direct Push 

Truck-mounted Geoprobe 

2-foot-long by 1-inch-dia. direct 
push sediment core sampler 

Bentonite grout 

Drill B1t 
Size/Type 

Drilling 
Contractor 

D. Weatherby 

l-inch-dia. steel probe 

Cascade Drilling, lnc. 

1 Checked 
By 

Total Depth 
of Borehole 

Surface 
Elevation 

Groundwater Depth 
and Date Measured Soil becomes saturated at 22·feet 

Comments See site plan for boring locatior .. 

MATERIAL DESCRIPTION 

D. Weatherby 

52.0 feet 

48.50 feet MSL 

REMARKS 

O --+--+----t-----t--~~::,t'=\"'~"il'd"_-_-=--=----,1---~~C"c--o" .. n~c\r::ejt'ce=-_-°"'6[fin~cJhJeJs;t~hJic~k;;.~~~~~~~~-~~~~~~~~~~~~~~~~~~~~08::,g:,i::n-:d;:;ia;ll;:in=g-:o::r-. 1"1"'2"0"1s"s,._--j 
-i-·:~ __ (jp _____ Angular basalt GRAVEL. _______ _ 

~45 

r40 

~35 

-30 

-25 

-

1 12-4) W/24 

-

2 14-6) 19/24 20 

5 --ii 
- . 

-~:.. 3 16-8) 1 5/24 79 

-
4- \8-10) 20/24 132 

10-
5 {10-121 1 7/2d. 400 

' 
6 (12-14) 22/24 -.. 

., 

7 (14-16) 22124 > 1000 

15-i ,-

ML 

,r--With gray and yellowish brown mottles, 
decomposed roots 

t-No monies. 

I • • decomposed roots. 
-ML--~ -M~1-s_t_ t~ ·,;.,·et~ -~-;d1~-~ -;;~;~~:-sa~d~ · sll T, ,;_,-1~h- --- -----· 1 

-

-
-

-

-- -'------------- ------ - ------------------·----
ML Moist, medium brown, SILT with sand, decomposed 

roots. 

. . -----·1- .. ·-·-- ·-- ·- ..... -- .... -----·- --·· .- ·-· .. ·- ·-· -.. ------·-. 
.: SM Wet, medium brown. silty SAND: dark brown NAPL 
· --~,-L- --,_~1~_b_s __ lJ.'.+_!9. l !1 ~-!~~~ _ ~t"!r_q_~9t'9_u_t! _ ~s>ci!Lf!.~9~~- §~~-en. ____ ,·· 

Wet, medium brown, SILT with fine sand; <10 brown 
- NAPL b!ebs 1 /8 to 1 /4 inch, continuous sheen. -

- - - - -- -~ -- -- -------- -- . - .. - - -- - -- . - - ---- -"-- -- - -- - -- - - - - - - . ----- -
8 (16-1 Sl 23/24 > 1000 1 

ML We1, medium brown, fine sandy SILT, rnicaceous; 

' 
I 

LNAPL floating on water at top of sample, - 50 brown 
: NAPL blebs 1 /1 6 to 1 /8 inch {mostly from 17 co 1 

1 B feet), spo"Cty sheen. 

.. 9 ( 18-201 14/24 > 1000 r--Becomes saturated; no visible NAPL; continuous 
"' sheen. 

20-
10 (20-221 19/24 175 -~-

t ~,,~,~,~2~-,~4~\ -t--c,~.~,,~.+-3"'5~1. 

. 

-..,,,,,,.,"'aa","w"°ca","a""es'°c~ .. -------------w 00 d Ward-Clyde e-----------------~,"-,~O..., 



Project: RPAC Mod. 10 NAPL Investigation Log of Boring G-10 

Sheet 2 of 2 
Project Location: Portland, Oregon 

92C0804A I 33 Project Number: 

~20 

~, s 

-5 

-0 

' .5 

_ SAMPLES ~ g'-;;; 
~ ~ h----~--, o._ ...J -a 

o..;!. -= :; EE uO 

-§; ~ ai fr~ ~-g~ ~ §: -~ ·gi~ 
~Cl.IC ..oa > >o:- E i:J ..c OU 
0 ~ E E-u ai 8E-: 0 ..o ia"c:n ..c(I) 
00 i;e ::Jr+-" QJ\t!C: _::J '-0 ...,-.. 

MATERIAL DESCRIPTION REMARKS 

r.n z m = cr::rn·- u..1- C!J....J :.::J"-' 
z5 --1'.~,L-1~2~12~,~.=,,~,.J:2~2~1:,,::1.

1

,..:::5~7--l.;:..,=:l·+-=M~L=-./.--~S~a~t-u-ra_t_e_d~.-m-e-d~i-u-m....,.b-ra-w-n-,~fi~n-e-,-a-n-d7y-;,S~IL'Tc,~m:7ic~a~c~e~o~u~s~;-+-----------I 
·~L no visible NAPL or sheen (continued). 

m 1312s-2a) 16124 15 1·.<.J1:=: s·P-Si;,-r-·s·a~~-r~~~d~-d;;k-;r·a·;.· s-AN-o·~-i~h-;ii[·,·,;,-ic~-c-e-~~;~-~~------
. 

,::.f :'.( visible NAPL or sheen . 

. 
-1-,-,,-,-.3-0-,-+-,-1-12-,--+--78~ ••·••• j i 

3 0--"" ·f,___--\----C--------,1[ t .• 
\ 15 (30-32) 21/24 75 

-

"' 16 (32-34) 20/24 

-

. :~· 1 7 (34-36) 0/2d 

35-

lfi;, 
18 {36-3!3) 18/24 

. 
I a 

-
19 (38-40) 19/24 

< 

40 ·" 
20 {40.42) 13/24 

' 
21 142-44) l B/24 

. 

13 

-

950 

21 

6 

Bl 

., .. 
V 

t·• • 
. , 

r J Na sample recovery at 34·36 feet . 

:!::~,·.·: SP-SM ~i!it~r:t~1·ptrt0~~r~~0Su~~~e~~t.h silt, micaceous; no 

r-- No visible NAPL or sheen. , 

-

. 

· End driliing /or 1 /20/98 at 
1430. 

· · · visible NAPL or sheen. 
-·sM ·r · s ~~~~~~;d~ -~-e-di~~- b~~~~~ ·s-iify" S-AN"O: -~1~;~~~-~;;· ~~- ·- -. :te~~{S.drilling on T /22/98 

.. ~~--·: l 
45-

50 

538 22 (d4-4SJ 22/24 

,,,,..,., ""' "000 l . "" '"~"""" 
2414850} 114/24 98 ' J 

; 25 150-521 20/24 ' 380 :i;1 · 

lit 

r---:No visible sheen. , 

r-r--Very sponv sheen. 

-

-

End drilling on 1122/98 at 
1035. 

I I """""-'°'"" " s' ' "" . 

55...Ll_~~J_~L___[~_!_~...L~~~~~~~~~~~~~~~~..l...~~~~~--1 

..,,..,-,.~,,-,-,w-L-,,-,-,-sc-,------------w ood ward-Clyde e----------------.,.,_.,,,a,-J 



Project: RPAC Mod. lO NAPL Investigation 

Project Location: 

Project Number: 

Portland, Oregon 

92COB04A I 33 

Log of Boring G-11 

Sheet 1 of 2 

D. Weatherby Date(s) Logged I Checked 
Drilled 2/18/98 By D. Weatherby By 
f-----------------------t-~-----------~--------+-~-------------~ 

Drilling G b 10. t p h Drm Bit l-t 12.·,nch-d",a. steel p,obe Total Depth 
Method eopro e ,rec us Size/Type of Borehole 

Drill Rig Drilling Surface 
Type Truck-mounted Geoprobe Contracrnr Cascade Drilling, Inc. Elevation 

Sampler 2-foot-long by 1-inch-dia. direct 
Type oush sediment core sampler 
Borehole 
Completion Bentonite grout 

a,_ 
0 W 

_.J "C 
u 0 

·ciU 
0(/J 

oU 
JC (/J 
:t: => _, _ 

Groundwater Depth 
and Dai:e Measured Soil becomes saturated at 13 feet 

Comments See site plan for boring location. 

MATERIAL DESCRIPTION 

49 .0 feet 

37.12 feet MSL 

REMARKS 

'1 

o-++----+--f--+..-=f---+---------------------+c,~~~-~~--1 
•
=._--.-.••, GP Angular basalt GRAVEL to 2 inches. I Begin drilling at 0806 on 

-35 

-30 

-25 

-20 

~15 

~---··· ..-~-·~ 
~-~~+,-,c-c,,~ .• ~,-t--;,~,,~.:--t--,cc--1.""...··: :•· 

2 14-6) 22/24 2 

5-

3 16-8) 23/24 3 

-i 4(8101 

1 0 :· 0,~1~, ~0-~,~,-, -+,~,~12~,c-t-,-,~o~occ10 

19/24 

6(12-14) 18/241 584 

-. 

-
7 (14-16} 22/24 384 

15-

' ' - 8 (16-18) 

-

- ~~-
9 (18-20) 

-

"· ~~ --~,,,i·- -r -MOi-s-,~ -ITle"diU-m· brown: S1rf-~iih ·s-ana-and-CiclY.- ii9h_t_ ----
gray mottles. 

v 
V 

V 
V 

v 
I/ 

ML 

Moist, medium gray, clayey SILT, with \igh-c and dark 
gray mottles. 

'-- Wet, dark gray, sandy SILT, micaceous; sheen. 
r-Becomes satura,ed, medium brown; -50 brown 
,.. NAPL bfebs < 1 /16 inch, continuous sheen. 

-

- -- ·-- -- - ---- -- - . -- -- ------ ·--- - - -· ----. ---- .. - . ·- -- - - - --- -- --- . ·-
ML Wet, medium brown, SILT with sand; no visible NAPL or 

sheen. 

-_ M_L _ ·- -saru-rated~ ·m-ediu-m-tirown:-sanay ·s1c t~ -micace-o-us;- · -- ---· 
-15 NAPL bleDs <1/8 inch, continuous sheen. 

-+ No ,,isible NAPL or sheen. 

- -

2/18/98. 

--,.,,,,.,,..,,,,,.,.,,,w"',""""'~"~,~N------------Woodward-Clyde e----------------.,.G_.,,,,,-, 

I' • \ \ 



Project: RPAC Mod. 10 NAPL Investigation Log of Boring G-11 

Sheet 2 of 2 
Project Location: Portland, Oregon 

92C0804A / 33 Project Number: 

-5 

-0 

'- -5 

'- -10 

MATERIAL DESCRIPTION 

-

-

30 

,, 

--
18 \36-38) 

-

-
19 (38-40) 

--
-

40- 20 (40-42] 

17124 " : f se-sM· -s~;~;~;~d: ,;;;k·9;;;:sA1-io-,.:;;;h ;;i;,-,;,;;~-;eous ---j 

"'" ,, 1n! J = aec, mo ",,, "' '"" ""- . . . . . ..... . 

18/24 14 ,. SP Saturated, dark gray, fine SAND, m1caceous, no v1s1ble 

1, ,, 

45: ; 22 (44-461 19/241 13 : :' ' 

· ·"" ,,.,,, I · ,. I,, "'i 

NAPL or sheen. 

r-Sand grades medium to coarse. 
' 

REMARKS 

l-· ;:,1L no v1S1ble NAPL; continuous sheen . - - -

16 ... -Tj -f----------- -----------------------------.-·-------· --- End drilling on 2/18/98 at 

1
:;. '. • .. SP-SM S_a~urated, dark gray, SAND wtth siit, rn1caceous; no 

1204
. 

... :: : : v1s1b\e NAPL or sheen. 
~ 2.4 {48-29) 12/'12 

so-

1-- -15 

~ 
I 55 1 

I 

' 
I 

Boring terminated at 49.0 feet due to refusal; basalt 
fragments in bottom at sample rube. -

-----------Woodward-Clyde ~ ------------.,,.,_,.,,,----' fi/24198 1 WL3Y RPACN 



Project: RPAC Mod. 10 NAPL Investigation 

Project Location: Portland, Oregon 

Project Number: 92C0804A / 33 

Log of Boring G-12 

Sheet 1 of 2 

r Date(s) 2/4/98 l,~gged D. Weatherby I Checked 
Drilled By By D. Weatherby 

46.0 feet Drilling Drill Bit 1

·1 Total Depth 
Method Geoprobe / Direct Push Size/Type 1-1 /2-inch-dia. steel probe of Borehole 

1--"'==-------------------+.-C=~=----------------+-1 "---===-----------
Drill Rig Truck-mounted Geoprobe Drilling Cascade Drilling, Inc. Sur1ace 35.92 feet MSL 
Type Comractor Elevation 

Sampler 2-foot-long by 1-inch-dia. direct Groundwater Depth 
and Date Measured Soil becomes saturated at 18 feet 

Type oush sediment core samoler 
Borehole 
Completion Bentonite grout 

f-30 

f-25 

~ ~ I o.c-
C .c: •I 
~ b. C 
o • E 
00 rn 

U1 

. ' 

. 

SAMPLES 

3 (6-8) 

4 (8-10) 18124 

" "ii_ 
EE 
rn o. 

U1 0. 

Sa.i 
o-':; 
LL t='. 

0 

:i: 
0. 
rn "' ~ 0 

CJ ..J 

::>1000t\.;
:; 
n: :: 

10- ~,~1~,a~.-,~,,-tc,~,~1,~,-+--~,-
. 

,-~22/24 

,~ I 
17 

·~~ 
-~-· 7 tl4-16) 119/24 

15-, I 

382 

,. 6 (16-18] 22/24 19 

. ,. 

9 116-201 20/24 95 

/ 
/ 

' 

/ 
/ 

SP 

Comments See site plan for boring location. 

-

MATERIAL DESCRIPTION 

Wet, dark gray SAND; continuous sheen, diesel-like 
odor. 

r-oiscontinuous sheen, persistent diesel-like odor. 

-

. - - - ---· - ·- - -- -- -- . - - --- -- . -- - ----- .. --- . - --- . -· - . -- - . --- -- - - . - --
ML Wet, medium gray, clayey SILT, with decomposed 

organic matter; no visible sheen; weak diesel-like odor. 

. 

r--W1th dark gray staining, persistent weak diesel-like 

....... ~' ... :d.or: .... ············ ········· ............ l 
ML Wet to saturated, medium gray, SILT with clay and fine ~ 

20~~~.~o=,,~~:u~,~I,,~ 

. -M.L .. f .. :~~~:~~~;~~~:~t~a~;: ~~'.:;~~s.:·::~: :s ;:T:l:~bl:,:::~·.~ .0' .. ~·1 
. . ~ staining or sheen. 

I r 

I I 

! l 
-15 

I :( 

W. ---·--+---~f---, t 11 1..22-24) 

. l" . 
. . 

. 22/24 2 

- ., .. 

REMARKS 

: l 
f zs~;=·-'_'_"_4_·'_'_'~'-'_"_4~-'~~:~·l~:~-~~--------------------~1--------~ 
~=,,~"~.,=,~,w~,-,,-,-,-,,-.,------------Woodw ard-CI yde e----------------,eG.~,,,...., 



Project: RPAC Mod. 10 NAPL Investigation 

Project Location: 

Project Number: 

Portland, Oregon 

92COB04A / 33 

Log of Boring G-12 

Sheet 2 of 2 

~,a 

~5 

~o 

~-5 

L.1Q 

" "-EE 
" a. (fJ a. 

.£ IJJ 

Q3 
LI..>--

MATERIAL DESCRIPTION 

25 '\:~ 12 124-26) 21124 ML Saturated, medium gray, fine sandy SILT; no visible 
staining or sheen (continued). 

.... __ j 
·, 
. ·' 13 126-28) 22/241 

. 

14 (28-30) 23124 

. 

30 . 
~{ 15 130·32\ I 16124 

.'f-
I 

16 (32-34) 20/24 , 

3 

4 

600 

520 

- -- - ---r- --- ---- -- -- -- - -- - - - -- - ---- -- -- - -- - - - -- - - --- - --- --
ML Saturated, medium brown, SILT with fine sand. 

r-With clay, no sand. 

1 

.. /::-··· ·r -"SM --r s;~~~~ted:-~-e-d1~-~- g~~v: ·silt_y_ S"ANo: ·~~;;;~~-~S, -
: ::, • 10 brown NAPL blebs < 1 /32 rnch throughoU1, 
, :-, contrnuous sheen 

-fiill-c·~==+,=.t~c;;s-11 : . f .----,, ,,.,. '~""""" . 

-fufl-c, "CC7 713ac,.-.,"s"1 +a2c-, 1"'2",-t-sc, ,oa,;-11 { ,~ ·.: ·: ~ i 
35-- 1: . 

I ·' I 

+J' ·+· ""1 '°s 71,",cc. ,",c-1 +,cc,cc, z-;4-/1 ::-,7, "oo""'o 1 
· ]9 {38-401 1 5124 ;, 1 ODO ·y 

i] 
f-r-Becomes medium brown. 
' 

40~~-W-14_0_4_2_1~17-1-244 -,-,~,~ -1 
<;~ 21 (42•44) 1 7/24 182 ~WEl ,ie-,iM -~. s~,~~;;;d:. ,;.;,d,~-,;,. ;;,:;,:·s.c,iio" :,;,,;; ;;!;,· ;,,;~,c~;~·; ..... . 
%: 
t' 

..f!:'ii-c' ~~~~-h:t 

45-

1 
\ 

I 
~ 

50...; 

·i 

22 (44-45) ??/24 SB ,.~,. :~M:~:: :j~}~f~t~9!:~~e~~1~~~-~~?~~~~~1t(,;.,~{~:~1~y-~~~~~-----------
SM _ Saturated, medium brown, silty SAND, micaceous. _ 

Boring terminated at 46.0 feet due to refusal; basalt 
fragments in nose of sampler. 

-

'--15 a 

REMARKS 

End drilling on 2/4/98 at 
1420. 

"--.,-,.-,,-,-,w-,-,,-,-,-,c-,------------Woodward-Clyd e ~ -----------------,,G-;-'2,-' 



Project: RPAC Mod. 10 NAPL Investigation 

Project Location: 

Project Number: 

Portland, Oregon 

92C0804A I 33 

Log of Boring G-13 

Sheet 1 of 2 

Date(:;) 
Drilled 

Drilling 
Method 

Drill Rig 
Type 

Sampler 
Type 

Borehole 
Completion 

-35 

- .. 

~30 

-

2/18198 

Geoprobe / Direct Push 

Truck-mounted Geoprobe 

2-foot-long by 1 -inch-dia. direct 
~ush sediment core samoler 

Bentonlte grout 

4 18-10) 17/24 258 

/ 
/ 

/ 

/ 

/ 

/ 

10 -11:.,i:l---,-11-0·-1-21-+---11---1 / 

: ~6~,=, =2-7174~1 -j 612 237- : ~ 
{-' ~2s 
' - ,. 

' -·. ~,-,=, =4-7176~1 +2~,-,,0.+~,,....., 
15--. ., 

1. Logged D. Weatherby Checked 
1 By By 

Drii\ Bit 1--1/2-inch-dia. steel probe Ta.al Depth 
Size{Type of Borehole 

Drilling Cascade Drilling, Inc. Surface 
Contractor Elevation 

Groundwater Depth Soil becomes saturated at 25 feet .!nd Date Measured 

I Comments See site plan for boring location. 

"'-0 © 
..J "C 
u 0 

·5iU 
0(/J 

oU 
.c (/J 
.t::: :J 
..J-

MATERIAL DESCRIPTION 

+ Becomes medium gray, with black decomposed 
organic fragments to 1 /8 inch, no monies. 

+ Becomes medium brown, with no organic 
fragments. 

__ ,...._. - ---- - - . - - -- -· - - - - --- - -- -- - --------- -- --
ML Moist, medium brown, SILT with clay. 

r-With light gray and yellowish brown mottles. 

. 

. 

-

. 

-

- -- ----1---------------- ------------------------ -------- ---·----
a 11s-1a) 2.2124 10 ML Saturated, medium brown, sandy SILT. 

-
~20 

9 118-20) 112/24 >1000 

20-..'~'·l----~-+---+-~c---, t ,a 120-221 22124 ,,3 

;1 

-

~-
~1 s 

D. Weatherby 

47.5 feet 

37 .63 feet MSL 

REMARKS 

:· ,2 {24-26) 16/24 >1000
1 

I 
25 -'·=·•-__ __L_L.___u~~~---------------------~----j 

'-c-,,,~,~,,~,~,w~,-,-,a~,-"-N------------Woodward-Clyde e-----------------G-,,-' 



Project: RPAC Mod. 10 NAPL Investigation Log of Boring G-13 

Sheet 2 of 2 
Project Location: 

Project Number: 

Portland, Oregon 

92C0804A / 33 

SAMPLES ru °'-ru;;; 

- I ~E 
o ru 

C:::; -' "O - ru 
-5 u 0 0 UJ o-

~-o- ~ a. . ., :; -=- ·O'JU 
C .C ru ~ 0. ala:ic:::U'.la. u ·- ilJ (!J "75 0 V) 

> " ~ 0.10 .OQ > >"a.·-' C - E oU O - - ID 0. ~ ru o ru E E -o OJ u E . 0 ..c m CJ> .c Vl UJ~ 00 m >c- a:i ro C _ :i ::::: ::i 

MATERIAL DESCRIPTION REMARKS 

~~ UJ Z ltl C a:V'J·- u. f- -'-

25 -{~t;;_~;l-,-1 2;:;,1,;;._.:;,;,,I -F,;16-i;,sc24.::+I >~1"0"'0"'01'111· 1-=-::it'r~F+1-__ =::~:-~;--_-_t_-_,i-;;-~;;i~;;~-;;?;;~;;~,!a-;;fu;;:;;q;;;1s;;,m;;ow'b;;~;;~yv:s;;1,t't-r-;,_;;1;;h:cis"-:A:1N~Jyic_~.--,-__ -_-_-:-: ~-:-:-: ~-:-~ ~-:-:-: _-_ :,--------, 
:ji 13 125-281 21124 61 . :11I s·e-ii,Xf-- -;;·;t~;;;;d: ci;;k ·~;;;;~-h- b;~::.;~:-SAND ,;;t;; silt, 

~ 14 l2B-30I 19/24 ·,g ';1f mrcaceous. -10 

30 -i 15130.321 22124 2 
1 

lr ··;;c·-~-;,,-~;-,,·;~·,;,;t:·,;,,d;~-~--b;;::.;~;-s1ci',;,1;h·;;~;;-;~ct-~i;;_---

~:. I 1- Jsaturated, sandy. 

r( 16132-341 19/24 22 -i1L SP-SM- ·-s~-t~-rated~-d;rk-~r-;;1~h b~~~~~-SANo- w~th ~;It,--------
m1caceous 

-

" i " """ ""' 1 L! '" : °'""'. "." . " ,;,., s '" """ .;,,o.;"' j 
· '·'- 1a 136-38) 19/24 5 SP Sa1urated, dark gray, medium to coarse SAND, ;-: ::-:/>-· micaceous. 
- ·-. 

~o 
-

19 !38-40) l 9/24 28 

-

40-
20 (40-42) 19124 g 

~-s 
: ' 21 142-44) 1,12• 38 -· '! f- · s;,,- + -s~~~;;;;d: ,;,·e-ci,~-~-b;~::.;~: ·;,it~-s-A,,o: ·,;,;~~;;~-~;.- --· -· · 

- .:' 22 144-461 17124 2 •• li sie-,iM- ·· ;;;·,~~;t~d: ·d;,, gra;,~;;b;~:,;~:-SAND ::.;;;h~;I;;···· · ·----
j(f . r-. micaceous. _ •.;: 

45-

f --t=-.n~tilling on 2/18/98 ~t 

r Boriog termioated at 47 .5 feet due 10 refusal. i --10 

j 2"3 (46-47.5) 18/18 38 ;;.; .. J · 

- . .. 

··! 
-

50- ' ! 
J 
' 
' 

~-15 - r 

I 
55 __]_[_~ ____J_I ____[_____JI---"!:-----'--~ --------~-~ 

L. =~==~--------Woodward-Clyde ~ ------------c,...,_,--,-,, 6124196 1WL.3Y RPACN ..._.,.. 



Project: RPAC Mod. 10 NAPL Investigation 

Project location: 

Project Number: 

Portland, Oregon 

92C0804A / 33 

Log of Boring G-14 

Sheet 1 of 2 

Oate(s) 3/12/98 I Logged 0. Weatherby 
Drilled By 

f-o-,-il-lin_g ____ G_e_o_p_rn_b_e_l __ D_i_re-. c_t_P_u_s_h _____ __,1-o-,-il-l -B-it- 2-inch-dla. s tee! pro be 
Method Siz:efType 

Drill R'1g b Drilling C D 'II' I Type Truck-mounted Geopro e Cantract(ir ascade n 1ng, nc. 

I 

Checked 
Sy 

,.

1 

Total Depth 
of Borehole 

I 
Surface 
Elevation 

Sampler 2-foot-!ong by l-inch-dia. direct Groundwater Oepth 
Type oush sediment core sampler and Date MeasJred 

Soi! becomes saturated at 20 feet 
1-cB~o~,e-;-h-o-,-le--~=~==~c~=~==~---r,--- , 

Benton'.te g•out Comments See site plan for boring location. 
Compietion ' 

SAMPLES V 
~ ~ f----1~---~--, o__ 
a- £ :a =E 
-§~ ~ V ~r5 ~al~ ~ §: SQ. -::; ...o O > > c.:- .'.=; 
g~ ~ =-v V ~~--c· oS 

(f) i~E a:cn:.::u::1-

"'- , 0 V 
__, " 
C 0 

]'~ 1· OU 
_c (/) 
.~::J __, -

MATERIAL DESCRIPTION 

D. Weatherby 

50.0 feet 

37.23 feet MSL 

REMARKS 

o -++-----+,--f--+.,•.· __ t~--•_.~--f----t---------------------+.,B~--d=·1 ·~-==__, ,-, GP Angular basalt GRAVEL and cobbles to 6 inches. e.gin riling on 3/1 2/98. .. -.. -.-~ 
-35 

f--30 

f--20 

I - • ••• 

J. 
5-~_: 

-

t 

. . " .. f ~.is:, i:!!:i· ,,Ci i:aot;~' ,; ,c;;. ;;; ;,;, .. ;;;;,; .. J 
51 

B .-, -With !ight gray and yellowish brown mollies. 

1 O _:-l,1"l--4~

3

-cl :,-:,-_,,~o:~I +
1 

,~

1 

:~:"':-~+-,~~~~c--,
1 

; ' • 'i f: O::: ~;;;,;:~,~ S ,C • . --- - - -- -- - -- -- - -- -- - . - - - -

-
5 112-141 19/24 832 

-
6 114·161 21/24 77 

15--

-
7 116-181 20/24 198 

V 
v 

ML Wet, r,,edium brown, S!LT with clay and sand, light grey 
and reddish brown monies. 

r---No mottlE!S. 
T 

- -

: _._ -e-;-;-;;-c;,,,--j!==ct:=w0 - --M-c-- --·w~t; d-a-rk- gray~ -firie-sandy-s-1L-T;-CCJnt1nUO~s-Sh_e_en:- ------
~, a 118_

201 
, 

20124 
;:, 

1000 
diesel-like odor (stronger with depth). 

! l~-20 brown NAPL blebs <l/l6 inch. 

~-==~:-c-c=+~c=,. ·-~-- -. -- --- ---··- --- -- ------ ----- --- -------------- --- .... -- ------
9 (20-22) I 20124 ;:, 1000 : __ .[_:_.~.--· · ··._---._: SM I Satura1ed, dark gray, silty SAND, micacecvs; 5 brown 

~ NAPL blebs < 1 /8 inch throughout, cominuous sheen, 

1 

: ·.. :: j diesel-!ike oder. 

--c,o,cc12cc2-c-2"471~·-,,2=2"'12"4+-,,,cc,-:-4--,ll_•_i_i __ 
1
·'.·_·_, [ ,r-No visib!e NAPL or sheen; weak diesel-like odor. J 

IF 1 I I 

-lli·'.-c1:-:1--c1=2-:-4--c2=,c-1 ---=2c11cc2-c4+=7=64c-!

1

f :J: i r-continuous sheen, diesel-like odor 1 
25-",_ __ _:_ _ __J_ _ __JJ_;cLti__ _ _L _________________ =-'-~~~===--< 

20-

-

---

~ 

-

.....,,""",•"'""' ", N"''"'""'""'"~,~N------------Woodw ard-Clyde {#----------------,,,_.,.,.~ 

1""'-\LI 



Project: RPAC Mod. 10 NAPL Investigation Log of Boring G-14 

Sheet 2 of 2 
Project Location: 

Project Number'. 

Portland, Oregon 

92C0804A I 33 

.,... SAMPLES g,W 
~~r~---=-~ -'u " o._ 
o- ..c ~ Llo 
.cc-_,.. ~, ~1:-c· ·rnU ""' ~ g-"'iii ""' "" ~a.i-c ..oo> >a.·- -@cj 

EE 
m "-
"' 0. 

u 

.s~ i' 
0. o.o • a, 

- a " 0 

MATERIAL DESCRIPTION REMARKS 

8 ~ .~ § i ~ ~ ~; ~ :J_"' 
cu Z m - a:Cf.1·- --' 

5 ~;·:+,-,~1:1;,~:.::,~61,..j"l2;1~1;2:4+1-=~+.=-,::;+--=M-L-+--W-e_t ___ m_e_d_iu-m--b,-o-w_n ___ S_IL~T:-w-i-,h-cl~a-y_;_n_o_v~i-s~ib~le--:N~A~P~L:-o-,-t--------------j 
sheen, no noticeable odor. 

u. >- CJ-' 

764 I 
I 

+ -10 

f---5 

-0 

--10 

1- -15 

J 12 126-281 23/24 

' 
-

13 !28-30) 1 5/24 

-

433 

829 

ML Saturated, medium grny, fine sandy S',LT; no visible 
NAPL or sheen. 

306 -30-1~;J-c,-.-1,-o---,,-,-r,-1-12-4,--+--cc--i - - - -------- - - -- ---- - -- -- -- -- -------- - ---- --- -- - - - - --- - - -- - --- -- - -

SM Saturated, dark gray, silty SAND, micaceous; no visible 
t'-JAPL or sheen. 

-__ -___ ._:_-_I_c;-, ,3,.3., I_ 21/24 />1000
1

, -- t~-- ::r:~t:~:~f~if:::~;::?;:trt:t;~jt~c~~~~::~~:~,:,ible :: 
- NAPL or sheen; weak diesel-like odor. 

,, J• ,.,+,, >'000 : . f 
-

:. , 1 (36-38) 2012.4 > 1 aoo ·_fl. SP--S-M-r- s;·t~~~~~d~ -d;;k-;r·a-y,· s-At-i;-~-!~h-~ii~-. -~-i~~-c-;~~;~ -~~ - ----
r:: visible NAPL or sheen; weak d1esel-l1ke odor. 

• " '""' ''" " ,; '" j oi:iri':f;f i; i~'i',~~i.i:f.'.iii'"" '' 
·i. 

40 : ,;,, 19 140-421 15/24 64 JF i --S~::~:~;'~[,~~~~~N~it:;aih~~~:~~~~;/~~ai~~~~~~i~~c~o:u;;:::~ 

20 (42-44) 12124 > 1000 ML Saturated, medium brown, gravelly SILT with sand; 
I• • 25 % rounded, moderacely weathered basalt gravel; no 

visible NAPL or sheen, no noticeable odor. -
' 

{, 
-!!filc--,,.-,-,-,,-+,,=+=,,I•,~ ----- _,.... ____________________ - ------ - ---------------- ---------

21 144-461 17/24 510 I SM Seturated, dark 9ray, silty SAND with -1D"(c rounded, · J moderarnli weathered basalt grave! to 1 /2 _inch; _no 

45 ~ : __ =~=+,=,,..+-,:-"""1r,!t} -.... --~. ~~-~t _N~. L; .d'.sco.ntinu_o_u_s sheen: _w•_•_~ _d,esel-l1ke. _ _ _ -
22 146-48) 20/24 5 .. .. SP Saturated, dark brown SAND, m1caceous; no visible 

-

« 23 (49-50) 7?/24 s 

NAPL or sheen, no noticeable odor. 

lft ::ML:: ::~~:,~;~;;d::ci~;k:bi~~:~,_;iav;~:stLT::::::: :::: _::::::::: 
······· SP Saturarnd, dark brown SAND, m1caceous. 

Boring terminated at 50.0 feet due TO refusal; basalt 
fragmems in nose of s;:impler. 

End drilling on 3112)98. 

I 

I

I I I I 
55...L.L._~~.L.__J~_j_~_J_~_J___~~~~~~~~~--~~~~~~~-~~~~.-----, 

'--"-,,-,,-,-,w-,-,,-,-,,-,-,------------Woodw ard-Clyde Ci#----------------.,.,_.,.,.,-, 



Project: RPAC Mod. lO NAPL Investigation 
Project Location: Portland, Oregon 

Project Number: 92C0B04A / 33 

Log of Boring G-15 

Sheet 1 of 2 

iJate(s) 3112198 Logged D W h b Checked D. Weatherby Drilled By · eat er Y Bv 
l-c-cc--------------------j-1 ~::c-:c-------------------+----------------

Drilling Drill Bit Total Depth 
Method Geoprobe / Direct Push Size/Type 2-inch-dia. steel probe of Borehole 48.0 feet 

1-:::~=--------------------t---=--c:-~-----------------+----------------
Drill Rig Truck-mounted Geoprobe Drilling Cascade Drilling, \nc. Surface 
Type Contractor Elevarion 

Sampler 2-foot-long by 1-inch-dia. direct Groundwater Depth 
and Dare Measured Soil becomes saturated at 1 B feet 

Type push sediment core samoler 
Borehole 
Completion Bentonite grout 

SAMPLES 
C ::r • w 

- w :;, a Ul a- E ·;: 2 .c - ~ i::l-:' c.c C Q._ 
ro ~ • ••• ••c 
>. ~ C. 0 .aa, >o.·-• • a" E E -a :U 8 E-: w=. 0 0 ro Oc~ w ro C 

(fl z ctl .E a:UJ:.::. 
0 

I 

. 

. 

~35 
. 

5-1 

1 !4-6) 22/24 

" .• 
2 16-8\ 22/24 

-. -

I r30 
-

3 (8-1 OI 20/24 

-·., 

10 :-. . 4 (10·12) 23/24 

-

~25 ' 5 112-14) 23/24 
.J 

. 

' 6 ( 14-\61 122124 
15-

7 116-181 0/24 

-20 . 
·.~ 8 118-20) 20/24 

. 

20- • 
9 (20-221 20/24 

~~ 
·x .,: 

-15 I 
10 (22-24) 18/24 

• c._ 
EE 
ro a. 

(/) a. 
.~ CD 

o.a 
- 0 
lL l-

178 

> 1000 

58 

98 

295 

195 

-· 

121 

48 

362 

u 
j: 
a. 
ro m 
C Q 

<.'.) _J -..... ·~-~ ~----•-' ;~_-.• ......... 

···-~ ·~··· V 
V 

V 
I/ 

V 
V 

/ 
/ 

/ 
/ 

V 
V 

/ 
I/ 

I/ 
V 

I/ 
I/ 

V 
I/ 

I/ 
V 

I/ 
' 

. 

T 

"'-0 w 
_J 'O 
u 0 

·GJU 
a Ul au 
.c (/) 
::::'. ::, 
_J_ 

GP 

Comments See site plan for boring location. 

MATERIAL DESCRIPTION 

Angular basa\t GRAVEL with brick fragments. 

- - --- - -1---- .• -· •.••• - ·- -- --- --- ----·· -· •. -· - - -- - -- - - . --- --- •• -- - -
ML Slightly moist, dark gray, clayey SILT, with black j 

decomposed roots, yellowish brown mottles. 

!--Becomes moist, with sand and brick fragments. 

.r--Becomes medium gray, with no roots, brick 
fragments, or mottles. 

f-r-With light gray and yellowish brown mottles. 

,--Becomes medium brown, with fine sand, no 
T mottles. 

-

-

. -- - -- +- - . ----· -· ... -- -·. - - ·-. --- - . -· --·- - - - -- -- ---- --- -- -- . -- --
ML Moist, medium brawn, SILT with clay and fine sand. 

-

·-,\ 
J.No sample recovery at 16-18 fee,;:. 

ML Saturated, medium gray, fine sandy SILT . 

-

ML Wet, medium gray, SILT with fine sand and clay. 

J -- __ J ·-- -·· --··· ·-····· .................. . 

37.45 feet MSL 

REMARKS 

Begin drilling ac 0800 on 
3/12/98 . 

~f 11 {2'+-261 1 rs12 4 50 '. J·) SM I Saturated, dark grayish brown, silty SAND, micaceous. 

25-"''--~~-'-~.L_~.tLWCL~~L-~~~~~~~~~~~~~~~~-1.~~~~~~--i 

--,,.,~,.~,,~,-,-,,-,-. ~,.-"~N------------Woodw a rd-Clyde ~ ----------------~G--,,~ 



Project: RPAC Mod. 10 NAPL Investigation 

Project Location: Portland, Oregon 

Project Number: 92C0804A / 33 

Log of Boring G-15 
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MATERIAL DESCRIPTION 

Saturated, dark grayish brown, silty SAND, micaceous 
(continued). 

- :;, ------- -----·-----------------
13128-30) 20/24 108 k·:, .·: SP-SM Saturated, dark grayish brown, SAND with silt, 

3 o .• i 14130-321 '19/241::>10001c·· • e.:,::,::"'""' oc '""' 00 '"'""" ~"' _ar I (despite high FID reading). 
-

-{:~4-;· -;c,.;,=f,~~··.-
i:" 1 5 (32-34) 19/24 139 

- - -- - --1--- --- -- - --- - - --- - --- - - -- - -- --- --- - -- -- --- ---- - - -- - --- - -- -
SM Saturated, dark grayish brown, silty SAND, micaceous; 

t· - . discontinuous sheen. 

--- -- -- -_l_ ~-1-~9-~~~~~ -~-~~~-~~~~~- ~~ ~~ ~- ~~~~~ ----- ---- ------ -
-

.. t1 :i{ 16 134-36) 20/24 

35--lf 
SP-SM Saturated, dark grayish brown, SAND with silt, 

micaceous; no visible NAPL or sheen. 
~ 

: '.' f-c-1 ~' ~' 3~·~·~38~)+1~5~/2~4,+~3~8-tl.c ; 1 ...... ·•· . . .. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . ... . 
5 I:::\: !:?P Saturated, dark grayish brown SAND, micaceous; no 

- ,,, 
18 (38-40) 1 B/24 

. I::-~.:.:.=: f- visible NAPL or sheen . 

40-
I.·:·. 

f-;-;;==+,=.t-,6c--f' ,; f------ - -- - --- -- - - - - --- -- -- -- ----- - -- -- - - -- - -- -- - -- - ---- - --

' 
- ·• .. 

-

-
~ 

-

45-

. 

50-

. 

19 140-42) 19124 

~=J--;;-;--jl : 
91 20 142-44) 1 B/24 

I'. 
>-=~~c+-=cc-1--a,c-21 144-46) 18/24 

1·. -.·: 

i: '· 

SP-SM Saturated, dark grayish brown, SAND with silt, 
micaceous; no visible NAPL or sheen. 

f----=>- Layer of silt with clay and fine sand. 

Saturated, dark gray SAND, rnicaceous; no visible NAPL 
or sheen. 

Boring terminated at 48.0 faet due to refusal. 

-

-

REMARKS 

End drilling on 3/1 2/98 a1 
1040, 

'=-~-----------Woodward-Clyde e-------------;;-,7a,,~ 6/24/98 1WLJY RPACN ~ 



Project: RPAC Mod. 1.0 NAPL Investigation Log of Boring G-16 

Sheet 1 of 2 
Project Location: Portland, Oregon 

92C0804A / 33 Project Number: 

I 8rii1:~1 3/11 /98 

f;!1t~3d Geoprobe I Direct Push 

Drill Rig Truck-mounted Geoprobe 
.Ty;;e ... 
Sampler .2-foot~long by 1-inch-dia. direct 
Type push sediment core sampler 
8otehole Bentonite grout Completion 

Logged D. We&tharby Ci,etked 0. Weatherby By By 

: Drill Hit I r~ra! De~Hh 
: Siz;;l,ype Z-inch-dia. steel probe . :Jf Borehole 

47.0 feet 

Ct;lling Cascade Drilling, lnc. : Sc:dace 36.35 feet MSL Contractor : Ele,iacion 

Groundwater Depth Soil becomes saturated at 18 -feet and Date Measured 

I Comments See site plan for boring lor::at!on. 

MATERIAL DESCRIPTION REMARKS 

·-

Angular basalt GRAVEL. 

35 j
:Begir driflirg at 1315 on 
3i11/98. 

30 

. : . 3 \8-101 19/241 

10 - 4 no-121 22f24 

. 
Z5 

. 
5 !12-14) 

l 
2~i24: 

I 
.. 

s n4-1 s1 : 22124 . 
15 . 

20 7 1;··s., ai 16/24 

. 
8('':HO) 19/24 

' . 

2.0 - 9 \20·22) 22/24 

. 
15 

. 
iO t22·24J 19/24 

. 
;,: 11 124-261 ,uw, .. 

2.5 -

527 

j 

55 

I 
,a 

108 

618 

-

:;, 1000 

716 

OHS 

,~-With :1ght gray and yellowish brown mottles, no I r sand or organic matter. -

r :::} "·" "",. ·"" .... -. ,,, " ·-· 1 
. . 

, . t. =:::,- Wet, dack gray, sandy »It 'aye, w>to sheen. j 
.. f ML L ~:~

0
dark graytsh b,own, f,ne sandy SILT; cootmuous 

11 

. .. ;,,,c· ·r· ·-d,/::~::\~;;~;~~~;~ :.~~1-1.?~~ la;;;isn ·i;,;;;;,;.' j1 

I I M-L- r ~;~t1{l~~J~~-~n-~~~l~r~. :~~:e~~~~ -~~~~ .~~~~~-~---- --- . ~ 
! Wet, dark gray, fir.e sandy Stl T; no visible NAPL; 

I 

L continuous sheen. ~ 
·1 ,r---Becon,es sat . .:ratec; -30 brnvvn NAPL blebs < 1/16 

tc:1 1/8 inch, contin...:ous sheen. 

r i .==: .... 4 brc:1wn NA?L biebs < ~ /16 inch. 

~ ,--Be::omes med'.um brown; no visible NAPL or sheen . 
• 

Satur,;n:ed, medium brown, sHty tine SF.ND: no v!s::::i:e 
NAPL or sr,eer. • 

J 

------------Woodward-Clyde e------------,~_,.,..,, $11.4/~8 1\l<LJY RPACN 



Project: RPAC Mod. 10 NAPL Investigation Log of Boring G-16 

Sheet 2 of 2 
Project Location: Portland, Oregon 

92C0804A / 33 Project Number: 

'-10 

,_ 5 

-0 

--5 

'--10 

L- -15 

SAMPLES ~ giw 
0 " '--------~ a._ _J "O 

o~ -:5 =ti" EE uO 
-§; v a3 ~ro ~~~ ~ \s: o ·rnu 
?: CIC ..oo > >a.·- -~ w :I: "5j 
04.1 E E--a~ 8E"-: .n g-oi ..c(!) 

MATERIAL DESCRIPTION REMARKS 

00 rci :::J,-+-' il:lt1:lC 9_:::i '- O +-'-, 
~ Z :i:i::: o:cn·- u..1- O_i ::i::::::'.. 

25-.C:J__:~-=--1=.::.:...:::i...::::.:.,_-h'-,:::,+--a------------------'--I-------__J, 
"··1'{·'!1-

1
_'_"_4-_2_'_'.j__

2
_
0

'_
2
_
4

.j__
4
_'_

2
_

1
,J.

1
·· .... J '·.·.· SM S:nurarnd, medium brown, silty fine SAND; no visible 

__,. NAPL or sheen (continued). 

366 l+ r 
12 125-28) 20/24 

- ,, I + 
1 3 (28-30) 20/24 395 .. 

. 

- .1,1;4· ----1-----1--'.' .1, 30 -~; [:· 
7, 14 !30-32) 20/24 B10 

_.,: 
~--· 

t 
\ l5 (32-34) 20/24 > 1000 :1: 

- r ~- t·, .f':. 
:{-: 1 6 (34-361 16/24 508 

i l_t 
35-,; 

I .::. -. 17 \36-38) 

I 

0/24 .. 
:;;: 

-

,- 1 8 (3B-401 13124 400 '"'"f 
- . / l ,: 

40-:;.::; 
19 (40-421 17/24 73 ' 

r 
,_, 

.:· 
1, 

20 (42-44) 18/24 114 ,., 

r ' 
45 

_ ~ 21 (4446) 16124 _ I; , 

.Jl,;.·ii--c,~,~,4~,~.4~1~,+1~,~11~2--1--~1~,-r 

so-

SP-SM 

.-----Becomes micaceous. 

J No sample recovery at 36-3B feet. 

Saturated, medium brown, SAND with silt, mic<Jceous; 
no visible NAPL or sheen. 

f-,r--Becomes dark grayish brown, with no mica. 

~ Saturated with brown NAPL. 
.----No visible NAPL or sheen. 

Boring terminated at 47.0 feet due to refusal; basalt 
fragments 1n nose of sampler. 

-

-

-

-

End drilling on 3/11 /98 at 
1550. 

L..,,-"-,,-,-,w-l_"_"_"_C_N ____________ Woodward-Clyde e-----------------,-16--' 



Project: RPAC Mod. 10 NAPL Investigation 
Project Location; 

Project Number: 

Portland. Oregon 

92C0804A I 33 

Log of Boring G-17 

S~eet 1 of 3 

: Da~etsi 3/11/98 I ~~ggeJ 0. Weatherby !, ~yhecked 0, Weatherby 
'. Dri!led --------------+· .,-,--:,,-------- -----------r~-c~-----------~ 
•. Cr!lllrv I Oflll Bit ,., . :, Total Oe.p,:h 

1:1 Geoprobe f Direct Push c rr ,"'mch-<lia. steel probe C'J h , 
: Meth_o_rl __________________ r: :c"'-:cza y:i_•_-----------------+!_of i;;iore uie 

57 .5 feet 
·---~ 

46.99 feet MSL io~-i!I Rig T " G b , Odi1l-1g C"'"'C3d"' ..... ,·,i1·,ng. Inc. I Surface : Type ruc"~mounted eopro e : Contracrar ..,.., "' u Elevation 
----~=="----------·---

Samcler 2~foot-long by 1 ~irch.dia. dire.ct 3ro~r:lwacer Oept'l 
ar,c Ca1e ~Jlsas1..,ted Soil becomes saturated at 24 feet ,11.!?.~. push sediment cure sampler 

Borehole 
! ---------------------------------; 

Complet,on Bentonite grout : Comrre.~ts See stte plan for bor1ng location. 

SA;1PLEI~ I ~~ I ~~ 
~ ""- ~.,,- " o. , ,°'u 
<l,l<l,lfO rull..;1(./)Q. u r' 
..PO > ;!: c.,,!::: ,_::::: ':..c O {/J 
f':. u ..... ... 'n. ' ou 
i;;:,:,it ::...iE .. 0 J:"J:OJDJ: .... tn 

REMARKS MATERIAL DESCRIPTION 

it~£ j£J2! u:t= i t5.3 I ~2 
O--r+----1---,-i----~----G-P-t-1-ca=c-A;-sp"'h:-a-cl:-t.-------------------1;,B;-:e:-g,-lr:-.d:;r:,:li"'1t0:-g-at:-:::08"'0"'0c-o-n--l 

_ I:';;( f,~ Angu!a• basalt GRAVEL ~o 1 inch, 1'3t1 1
i9S, 

~45 . 1~· 
i ... ~ •• • ,., ..• 

1 

I 
-mt-·,:ccl4c;·6'°1-r:0,::/2;-:4c-t-.-.-f:•~· .a-: 
\ ! 

5-
>'' 

-40 -

-

' 
10-

-

-35 -

, 

' 

15-: 

i 

~JO 
;, ~, 
t,, 

' ~ 
~ 

20 
!@ 

f~ 
11 
. )-

) 

t 
~' 

25 
J, 

2 \6·81 ,a,,.
1 

,,, I 

I 
s ,s-101 I cu,,. I su, ' 

''' 

4- PC-12) ,,v,.- >1000 

S ;12-14) 20/241> !UV\ 

6 !14--16) 16/24 ,,,uuc 
: 

7 06-18) : 22/24 -

i 
9 !'.3-20) ,"''"I --

i 
3 (20-22: 2a,z4 I 331 

I 
IO !22.:24J 20124 -

i 
I 

" 124-26) 20124 -
I 

-

I 
l 

. l· 

ML 

~1 . 

f 
( Ne sample recovery at 4-8 feet. 

_ _; 

Wet, medium brown, SILT with day, dark brown 
, decomposed organic matter; continuous sheen. 

l ~········Becomes moist, with light gray and yellowish brown 1·. 

motrles, no clay; continuous s:-ieen forms when 
water added to sample. r. -""' ""····· ,. .. , ·'"'"'·'· .. ,, . i 

..... .J ·-············· --····-----------···-----·------------1' ML r Wet, medium brown, sandy SILT, micaceous; 
I ccntir'iuous sheen. 

',l ~ 6 !inht brown NAPL blebs < 1/16 /nc,'1. 
~LNAPL t!oat:rg on water at top of sQmole. ~ 
.--Becomes sarnrated to tlt.Jk1; >200 NAF'L blebs , 

- "' < 1/16 irch t.hroug,'lout, cantirn,ious sheen. 

I 
lL\''s1APL floating on water at top of samp\e. 

C 

:,.. Large continuous areas of NAPL (estimated sample 
_j saturation > 50%), continuous sheen. l' 

+--LNAPL floating on water at ;op of sample , 
> 50 NAPL bleb.s < 1 /16 incn throvg,'1:mt, ~ 
cont1nuou.s sheen 

· ·M·L · --M~1st~ -~-e-d1~~ br~~~: $1L; wi:h t;~e sand~-~; -~1s be···· 



Project: RPAC Mod. 10 NAPL Investigation 

Project Location: 

Project Number: 

Portland, Oregon 

92C0804A / 33 

Log of Boring G-17 

Sheet 2 of 3 

-20 

~,s 

~10 

~s 

~o 

~-s 

SAMPLES -a_~ ~~ "6 ] e---~-£---=;,---, E E c., o 

li1f ]l] Eis~! ! f~ o~s Ei:;~ SE-: .c ,001 ..C(fl 

MATERIAL DESCRIPTION REMARKS 

tn ~ ~E ~~.:= if~ <'.53 ::i::) . 

25--~~;~·~:'~-:_:;~~'_:_'::.':":;,:':~:'t,_'>:,-~o~-~Q-O::;l:,l;;IIJ--__ ~s~s~---+~-.~,~,="~::J=:~k~!'c~-:=.:=,~w~~=~=,~;:~:t::~i~t~;~:=i~;cl~l~t~;''.1~M1~i'f"t-,~:'~';":,-_-_~_-_-__ -_t---------~ 

<· 13 !28-30) 18/24 >1000 SP-SM Saturated. medium brown. SAND with silt, m1caceous; 

40-

45-
.;,: 

20 142-44) 17/24 490 

21 144-46) 19124 >1000 

no visible NAPL; faint, very discontinuous or spony 
sheen. 

.------No visible NAPL, but continuous sheen. 

--i,',l-o-22"'!4c;c6-;-4c;7'1 -r,,22"'1"24.---t-;,c;,~a--i r .. ' 

I ;,: 

... ·· 
~~=+=+=c--f'-'l•ff· ------- ------------- ------ ---- -------------
23 (48-501 17/24 ae-2 ;: 5p:sM Satur·ated, medium brown, SAND with silr, micaceous; 

no visible NAPL; continuous sheen. 

I·' 50- ,-;,~,~1~,~o-~,~,~,+c,~11~2~,-+-~,~,~,~·:,:31 

"'" , "
00 Iii < 25 (52~54) ., 

' :::::· 
. ~ 

-

-

-

' 26 (54-56) 

55 w 
f-,-No visible NAPL or sheen. ~ 

l .... _______ '_'_'
24

-

1

-

4

-

4

-

5 

__ ·_r __ ~·oodward-Clyde e--------
1

-----~G-~,,,..., 
6/2.<11ga 1 WLJY RPACN .._,.. 



Project: RPAC Mod. 10 NAPL Investigation Log of Boring G-17 

Sheet 3 of 3 
Project Location: 

Project Number: 

Portland, Oregon 

92C0804A / 33 

MATERIAL DESCRIPTION 

5
5 ,'·'·.!' 26 154--561 119/241 445 1: •..•. -.:._ .• ' .. ·.·t!f•ll.•.1·.-: SP-SM Saturated, medium brown, SAND with silt, micaceous; 

no visible NAPL or sheen (continued) . 
• -1---- ------ - • ---- - - - -- --- --- -- --- - --- -- -- -- --------- ----- - - ---· 

~: 27 156-57.5) 17118 i 168 ; 

1 
ML ~;,,'~C'~;dsh~."~.ium brown, SILT with clay; no visible 

'--10 

60-

I- '""""'"'"'""'"' "' S'S ''""'"'" _,,, 

-

--15 

f 

65- -

'--20 

70-

. 

t 

75- r 
--30 . 

80- I 

j 
I 

'- -35 

REMARKS 

End drilling on 3/11198 at 
1200. 

85 _j__\__l _L__I L__I L-..'../ I____L_~~~~-'-j --1 
'-.,-"-,,-,-,w-,-"-,-,-,c-,------------Wood ward-Clyde ~ ---------------~.-._,,,,,~ 



Project: RPAC Mod. 10 NAPL Investigation 

Project Location: Portland, Oregon 

Project Number: 92C0804A / 33 

Log of Boring G-2 

Sheet 1 of 2 

D21te(s) 
Drilled 

Drilling 
Me~hod 

213198 

Geoprobe I Direct Push 

Truck-mounted Geoprobe 

I 
Logged 
By 

!I Drill Bit 
Size/Type 

D. Weatherby 

1-inch-dia. steel probe 

Checked 
By 

TatEII Oep,:h 
of Bor~hole 

D. Weatherby 

47.5 feet 

35.87 feer MSL Drill Rig 
Type 

Sampler 
Type 

2-fooHong by 1 ·inch-dia. direct 
DUSh sediment core sampler 

I 
Drilling Cascade Drilling, Inc. Surface 
Conuactor E'1evation ---------~----------~---! I Groundwat~r Depth 

·1 and Date Measured Soil becomes saturated at 14 feet 

Borehole 
Completion Bentonire grout I Cornmems See site plan for boring location. 

c::; 
0" :;::;2: 
rn ~ 
>. •• W:t:::. 

-35 

-30 

-25 

-20 

-15 

'°" SAMPLES 0 "'-c._ 0 O O 0 

=a- -'" -0 EE o- .c oO .c- ~ ~"'tl--: rn a. ·5U MATERIAL DESCRIPTION C .C ~ c._ 
" D. 

0 0 • o rn o•c 
0" :.c ;: a.10 -" 0 > > '6.:- .=::; oU o o E E -o :U 8 E--: g- cnl o.o .c CJ) 00 ro Oc~ W ro C _o 

VJ 2 ro E IXU1:.:: LU-
0 

i- 1 (2-41 ,0,24 I 3 

" . 
. ·, 
'::' 2 (4-6) ,- 14/24 1 

5-
.. 

.. , - , 3 (6-8) 19/24 18 

' 

•> 4 (8-10) 1,1 
-

"0 

"'-' 
1J"l 
' ,~ 
---

:=: :::J _,_ 
ML Medium brown, gravelly SILT; angul.i'lr basalt gravel. 

- - - - - - - --- - - - - --- - - - ---- --- - - -- -- -- - - -- - - - --- --- -- - - - --- -- -- ----
ML Moist, medium brown, SILT with sand, < 5 % weathered 

gravel, decomposed roots, light gray and yellowish 
rown mottles . 

,r--With reddish brown mottles. 

- -

r-secomes medium gray; no gravel, roots, or mottles . 

J Abunda_nt cark gray to black (manganese?) 
concrnt1ons. 

I. -- . - . -- - .... - - ... - .. - . • - - -- - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - . - . - - -- -

ML Moist, medium brown, clayey SILT, with light gray and 
yellowish brown- mottles. 

10-· 22t,-, ·- - ··-·-----·-----------·--·-··--------·--·-----------·-- -- --··----
5 (10-12) 

-

6 (12-14) 22/24 7 

7 (14-16) 3124 390 

15 _(, 

-
8!16-18) 122/24 4 1 5 

-

- . -s (18-20) 20/24 57 

-

20-
- ,. 10 120·221 

1

22/24 ! 63 I · 

- : . 1' 122·241 ' 21 /24 4~ ' . 

ML Moist, medium gray, SILT with fine sand and c!ay. 

r r-Becornes Wet'° satucated, 

l ~ Dark gray stain and continuous sheen. 

r--Becumes saturated, micaceous, with no clay; 
.,, continuous sheen. 

-

. 

-

- --- -- -- - -- . ------- - - - ---- - --- . --· ---- - ---- --- . -- -- . ·-. -- - - -- ·- -
ML Saturated, medium gray, fine sandy SILT, micaceous; 

-15 dark brown NAPL blebs < 1 /1 6 inch throughout 
sample, continuous sheen. 

r-No visible NAPL; very spotty, discontinuous sheen . 

-~Becomes medium brown; discontinuous sheen. 

I ~ -30 brnwn NAPL blebs < 1 /32 inch. 

.,, sheen. 

. 

. 

: ' ~~.,-+! ~----c-+-~ I J . 
12 (24-261 

1 

22124 42 I 

cf r--4 brown NAPL blebs < 1, /1 6 inch; discontinuous 

i 
M-L --~

1
-. W~t,- ~edl~~ -br~~.;~,- Si Lr" ~ith- f1~~- ~-a~d -~ith ·c·1~Y~ -. . -1 

2s '~ , , I rnicaceous; no visible NAPL or sheen. 

REMARKS 

Begin drilling at 1 045 on 
2/3/98. 

--------, 

....,,"~,.~,,~.~,w~L~3'~R~PA~c~,------------Wood ward-Clyde e----------------~,.~,,_., 



Project: RPAC Mod .. 10 NAPL Investigation Log of Boring G-2 

Sheet 2 of 2 
Project Location: Portland, Oregon 

9ZC0804A / 33 Project Number: 

~,o 

~s 

~-s 

MATERIAL DESCRIPTION I REMARKS 1 

SAMPLES " °'-
~ * 1-~---~-- a._ j ~ 
~~ £ i-o-:~[ .=:8 
C ..c (D ru :frra ID (D C [/) a. u rn 
~ 0..1c .cQ:.. >a:- .:= <1l "-& -SB 
6 0 ~ ~ ~ ~ § ~; o-§ e g ~ 2"' (I) z~c a:cn·- lL1- i:9-1 __._ 
25-b~~~:;.~,,:.+-~+rrs+-:-:-,-----+---ce:c:cc:=:;-=:::;cc=-c::::cc:.::=-:-:::::;:~"'r':::,::-:::;::::::::;:--t~~~--~-~ 

·-- i2124-261 22/24 42 ::.'I ML Saturated, medium brown, f!ne sandy SILT, micaceous; j 
-30 brown NAPL blebs < 1 /32 :nch, continuous sheen. 

~ 13 (26. 281 21124 311 I i-No visible NAPL or sheen. 
. . ' 

-. 1 
• _, 14129301 1•12• 338 f {f-·s;,;·- --~:~i~r:i{pr-iir~-i~~~~~~:-;ri~ sAN·o;~;~~~;~;;;, ~~-----J 

30 .-, : ::: ---+-Thin ( < 1116 inch) LNAPL layer floating on water at 
~~ 15130-32) 21/24 >1000: ·· top of sample tube. 

1· ::'r: r---- > 500 dark brown NAPL blebs < 1 /16 inch, largely 
- from 30.5-31.5 feet; co1111nuous sheen. 

:~'"''"I"" I ,,j I ·•••. r---No visible NAPL or sheen. 

C V ..... 
:rc,,~"124 ,, · ·· 

35-. 1 

~ '""' 381 i "'" I 634 : '. f s-e-s_M _ ~r:\~r:~{;i;i~:iiii~s,;iio-~rih-srit,-~i,~~;~~;:-~~ 

" "' " .,,,, I " \: 1/C '" t ~:'i't':;~;if i ;, ;; : ;,;, ""·· "' '""" ;; '·''"" 
'C------"1---t~>· ~r--LNAPL blebs floating on water at top of sample 

20 !40-42) l f/24 . :~: :":· " tube; continuous sheen; > 1 o_o dark brown NAPL 
· ·:· ,·- ·. blebs < 1 /16 inch in upper 6 inches or sample. 

I, . f , t 
21 (42-44) i 17124 w '1' 

'.•· 

- -

40- -

· ~----+--,-,-
11 
l f r--No v1s,ble NAPL or sheen. 

<S ; _'7'_'~'-""~·~'~I +I 7"~1~2--,+-~'~-t. 11 M't. !:"~·:;\,~i)•:m om.O ,,; ""°' socc."" ;; • i, .•. 

23 (46-4-7.5) 18/18 7 :;: SP-SM I Saturated, dark gray, SAND with silt; no visible NAPL or 

-

50-

1 
~ 
.i I I 

:\ ··. r sheen. 

~ Boring terminated at 4 7 .5 feet due to refusal; angular l basalt fragments In bonom of sample tube. 

1 
I 

End drilling at 1430 on 
213198. 

~ i I I I 55-L.L_ _ __J _ __J_ _ __L _ _L_~.,L_--------------~~~l....-~-----

...,,."~,.~,,~,~,w~,~,,~,~,-"~,------------Woodward-Clyde fi#-----------------,e--..,-' 



Project:· RPAC Mod. 10 NAPL Investigation 

Project Location: Portland, Oregon 

Project Number: 92C0804A I 33 

Log of Boring G-3 

Sheet 1 of 2 

Date(sJ 
Drilled 

Drilling 
Merhod 

Drill Rig 
Type 

1116/98. 1119198, 212198 

Geoprobe I Direct Push 

Truck-mounted Geoprobe 

I 

Logged 
By 

Drill Bit 
Size/Type 

Drilling 
Contractor 

D. Weatherby 

1-inch-dia. steel probe 

Cascade Drilling, Inc. 

Checked 
By 

Total Depth 
o-f Borahole 

Sc1rface 
Elevation 

Sampler 
Type 

2-foot-long by 1-inch-dia. direct 
oush sediment core samoler 

Groundwater Deprh 
and Da-i:e Measured Soil becomes saturated at 22 feet 

Borehole 
Completion Bentonite grout 

~ SAMPLES 
C :::i Vo 

- " 5 'ii OU) a-.,, :a: .c- ~ ,:,-:, 
ro~ C .C V a5 fr~ vvc 
> V ~ Q. C .0 0 > >Q:-
V C o" E E --o W 8E--: w~ DO ro ~c~ V ro C 

en Z cc.f 0: (I):.=. 

0 

I 

~ 1 (2-4) 13/24 

-

~40 ~- 2 14-6) 4/24 

' I 
5- ~-

- '·~ 
3 (6-81 2/24 

, 

". 418-10) 12124 

f-35 

10-
5 1"10-12) 119/24 >1000 

6 (12-14) 22/2~ 173 

-> 
-30 7 114-161 22/24 10 ,· 

15- ·. 
,;~ I 

8 116-18) 20/24 17 

9 118-20) 23/24 49 .·, 
-25 - ·;, 

20--l!l!l-~~-+~-+~--I 
~- 10 120-221 22124 a 

-20 

ii 11 122-241 21/24 
524 

-'~ 12 124-26) 16124 430 

... 

... 
" 

-

_[I 

I Com/""ients See site plan for boring location. 

"'-0 ~ _J.,, 
u 0 

·O)U 
ov, au 
.c"' .t= :::i _,_ 

MATERIAL DESCRIPTION 

Angular basalt GRAVEL to 1-1/2 inches diameter. 

-

-

SP - - "MOi"s"t~ "d~;k-9r"a"Y "SANb", -micac·eo~s; ·s }:jA"pl _b_1etJs"" - - - - -
- < l /16 inch, continuous sheen; sheen becomes -

------- - discontinuous below 10 feet. ~ 

ML '-MC)iSt: nlE!di~ni-br·o~·r{,·5·1l.t" With· SEl"ni-WOOltr·a·gme~tS,-

-

light gray and yellowish brown monies; no visible NAPL 
or sheen. 

J- 3 NAPL blebs < 1 /8 inch d1scont1nuous sheen 

-

- - -- - -- - -- -- -- -- - - - - - - - -- - -- --- ·---- - -- - - - -- - - - - - - ---- - -- - - - -- -- ---
ML Wet, medium gray, sandy SILT, micaceous; no visible 

NAPL or sheen. 

ML Moist, medium brown, SILT with sand, yellowish brown 
and light gray monies; no visible NAPL or sheen. 

---1 r 2 NAPL bfebs < 1 /1 6 inch. 

-

- - - - - - - - ~i·s·t; ·rr;e-diu·m· g~a,{~ -s·anay: Sil. T~ ·rr;;cac·e·o~s; n·; ·v-iSib1e - - -
NAPL or sheen. 

tBecomes saturated, medium brown; -30 faim NAPL 
blebs < 1 /32 inch, visible sheen. 

r- No visible NAPL or sheen. 

D. Weatherby 

55.0 feet 

44.07 feet MSL 

REMARKS 

Begin drilling at 1430 on 
1 /1 6198. 

Poor recovery ar 6-8 ft due 
to gravel plugging sa,rnp\e 
tube. 

·:· 
2s~~,,~---~--~-~~~~--~-----------------------~----------~ 

.....,.,,~"~,,~,~,w~,~,-,a=,-Ac~,------------Woodward-Clyde (#-----------------~,~. ,-' 



Project: RPAC Mod. 10 NAPL Investigation Log of Boring G-3 

Sheet 2 of 2 
Project Location: Portland, Oregon 

Project Number: 92C0804A / 33 

C::::; 
0 Ul 
":,: ·->. •• i:i:::i'.:::. 

-15 

-10 

t--5 

~o 

~-s 

t- _, 0 

- SAMPLES 
• u 

l=o - u -s o-.c- 'e -0-:-
C: .c • "a._ 

~ "5..£ :i: C..1C ••• .0 0 > 
o u E E -a al 8 E-: 00, 0 C: - • • C: 

U) 2 • C: a:w ·-
25 #" 12 124-25) 16/24 

' 
·' 13 (26-28\ 23/24 

14 128-30) 23/24 

. 

• c._ 
EE 
• a. 

Ul a. u 
.S: Ill C. 
0.0 . "' _o "0 
u.. f- CL.a 

430 

26 

153 

"'-0 u 
__, "" 
u 0 
·ciU 
0 Ul 
oU 
.cc Ul 
~=i 

MATERIAL DESCRIPTION 

I 

ML Saturated, medium brown, sandy SILT, micacecus; no 
visible NAPL or sheen (continued). 

- -- ----r -- ---- ------- --- --- -- ----- --- -- - - ----- -- -- - -- - ---- - ------
ML Moist, medium brown, SILT with fine sand, decomposed 

roots, yellowish brown and gray mottles; no visible 
NAPL or sheen. 

r- --- -- - --- ------- - -- - - ------ - - -- - - -- - ---- -- ------- -- - --
ML Saturated, medium brown, fine sandy Sil T, m1caceous. 

REMARKS 

End drilling for 1 /16/98 at 
1645. 

-· sM- -r- S~t~;~~~d~ -~-e-di~-~-ti;;~~:-siit~- ~iAN·o~ -~j~;~~;·u-;.- ---- --- :
1
e~~~~-dri11ing on , 11919a 

. 

:t 
-/ji;;Jr~~~~-1-c""_,-j--c,,--1,'0lcrc·· ------- ----------------------------------------------------

-? 16

1

32

·

34

1 ,o12

4 

" lri SP-SM r·S·a-turatad: me.diu·m-brown:.SA.ND-~i-th_'ot,_~icacaou·s·.···· 

SM Saturated, medium brown, silty SAND, micaceous. :t , 1 (34-36) 20,24 93 

35-- '. -
, . . 

18 (36-38) 16/24 640 I< .. 

< . 

. ., 
1 9 (38-401 18124 144 

. ': 
-1- ----- -- --- -- - - -- . - - -- -- - -- ------ ---- ------ -- - - --- - . ·-- - ---

:: SP-SM S~turated, medium brown, fine SAND with si\t, 
ni1caceous. 

40 ,, 20 \40-42) 21/24 34 ===-~1-,-,,"7"1-cc;--i•> . 

-

-
21 (42-44) 1 B/24 I 460 

-

-
22 (44-46) 20/24 B 

45-' 

[\ \ End drilling for 1/19/98 at If a9as. 
1: .· ; ··s;:,;·r·s,~~~;;;;i·,;,;ei,~,;, b;~;.;~:-,-,~v-iiAr-io:·,;,;~;~~~;;;:······· ~:tu,oi_a,iliino an 2121ss 

f : >t· 
. 

'- 23 (46-48) 1 8/24 71 _ .. 

. 

. :! .. 
f-2a-4;-c;l 4"ac;_,c;o;;-, ~~1°,'"12"4.t-,,,1··!.:: ~Decreasing silt . . 

-

50-
25 (50-52) 20/24 490 

-
' ., . 
' 26 (52-:;4) 14/24 44 

. 

~,n--,--,,--,-,,"" ,--,.--c--,,- ---------Woodward-CI yd e e-----------------,,,-,,...-



Project: RPAC Mod. 10 NAPL Investigation 

Project Location: Portland, Oregon 

Project Number: 92C0804A / 33 

Log of Boring G-4 

Sheet 1 of 2 

Date(sl 1/16/98 Logged D. Weatherby I Checked D. Weatherby 
rD_,_il~le~d'---------------------,~s,_v~--·-----------------f-B~v~---------------
Drilling I Drill Bit Total Deorh 
Method Geo probe/ Direct Push Size/Type i--inch-dia. steel probe of Borehole 

Drill Rig Drilling C d . . 1 Surface 
Type Truck-mounted Geaprobe Contractor asca e Drillrng, nc. Elevation 
!-'-'=---------------+=== 

Sampler 2-faar-\ong by 1-inch-dia. direct I Groundwater Depth Soil becomes saturated at 26" feet 
Type push sediment core sampler '1 and Date Measured 
Borehole 
Completion Bentanite grout 

SAMPLES o 
0 " 1--~---~--j c._ 
o2 -5 :a EE -§; Q.J '- a._ :::-o-: ~ Q_ (.J 

~ Q_ ~ Ql ID ro ~~ C _:; :C 

Oo 0ru E E~ ~ IS E~ ~i g-rn 

Ul Z roE CCUJ:.::. L.L.1- (!l_j 

Comments See site plan for boring location. 

MATERIAL DESCRIPTION 

54.0 feet 

43.92 feet MSL 

REMARKS 

ro :J c..... Im ro c - :J '- o 

O -+-+----lf---+I ---\:_=··· e•,r ,-G-P-t--M-o-is-,.-a_n_g_u_l_a_r -b-,-s-,1-t_G_R_A_V_E_L_t_o_1 _-1_/_2_i n_c_h_e_s_d_i_a_m_e-,e-,-.-1,j, B"°e-g"'in--,d"",1"11i-no-a'"t "o"s"s"o_o_n--l 

'-H :·~. 1116/98. - . ~ .. 
I ···~ ~ I 112-.l.) 10/N -0-.-14-l•.,_·,..·,,~ M-L-- --M~ls-t~-~-e-di~-~-b~~~~:-s1_L_T-~ith_s_~~d:-~·so/~-~~;~i~~1:~· 

r40 

-35 

-30 

-25 

-20 

5-

'f I 

2 (4-6) 1 0124 I 1 08 

subrounded grave! to 1 inch diameter, wood fragments, 
yellowish brawn and medium gray mottles. 

~~~/24

1

1 69 ~ · GP-G·M-~-M~is~: ~-;di~-,;,-b;~;,.;~;-GR-AVEL-_;,i;h~-ilt;-~~;~;;;1,-~;~lt ~ 
1 

~: gcavel to 1 inch diametec . 

4 (8-10) ... ,. p I 
1 Q ~·1,'l-ccccccc=+=cc-+---+• i ------ ~ Dack brnwn stain, no v1s,ble NAPL _____ _ 

-~ 5 (10-12) 21/24 ·- : SP 1-M0-1Si:,-C:fark·gray-sAiio,-m~caceoUS, NAPL biebs-
1 - ... --sM·· -, '5_i(l© 10q_~._s:Pn~1ci~9_'-!~ s~een ______________ -- -- . -~ 

~ _______ • Moist, dark gray, silty SAND, no v1s1ble NAPL; 

6 (12-14) 22/24 242 ML '-~A:~;r,-u~~1-,~~?b~~-~-n.-s-1L.T ~1th-san·d.-~OOCftr·agments: 
~y and yellowish brown mottles; d1scont1nuous sheen 

__)-
Wet; abunda;it ( > 30) NAPL blebs < 1 /B ,nch; fa1m 

l continuous sheen 

-

15 
_ i; , 114-161 21/24 I _ I 

-m,,,_rsr11r,~_r1 a~1-+~2-1,~24M I -
........ .[~ ~-o .v,s:~l~-~An_ .. ta,nt she~-n.:~:~~-g~~~:~ ...... --- ... ~ 

-

ML r Moist, medium brown, sandy SILT, with wood 
fragments, yellowish brown and gray mottles; no visible 
NAPL or sheen. 

9 118-20) 15/24 430 

20 - / 10120-221 19124 >1000• J ~:;:Ml:::,~\~:~~~a~:!~~e~d~::::;::~:s::::Sn:/;:,::hN~~~-L-::~ 
' <\ll> no visible NAPL; cominuous sheen thcoughout. 

- ·• -1~1-1~2~2~-,~•'"1 -t-c2"0,~2~ • .,,~,~,c-t1 :~~;: -·sM- -. -w;t: ~~;:ir~~ -br_o_w~." ;;1tY-SA.ND_;_ ~;- ~is.ib·1~ -NAPL-;; --- .. -

: """' '""H !: I '"'" 
25-lli'--~~_J__ __ J___JLjCJ'1_~~'-------~~~~~~~~~~~~~~--__j_------~----I 

....,,"~,.~,,~,~,w-,~,,~,=,~Ac~,~-----------w ood ward-Clyde ~ ----------------~G-.. -' 
f-, -L\ 



Project: RPAC Mod. 10 NAPL Investigation 
Project Location: 

Project Number: 

Portland, Oregon 

92C0804A / 33 

Log of Boring G-4 

Sheet 2 of 2 

L15 

L1Q 

-0 

--10 

. . 
,,,. 
,::, 

30 .·,· 
i 

t 
.. 

·• 

" 
35-

''(-

.) 

::. ,: 
. 

. 

. 

40-

. 

- ' 

45-· 
:';, 

. 

. 

14 {28-301 23124 66 

1 5 !JC-32) 23/24 >1000 

16 {32-34] 20/24 I:> 1 QQQ 

17 (34-361 18/24 :> 1000 

1 B (36-38) 21/24 32 

19 (36-40) 20/241 62 

20 (40-42) 

21 (42-44) 

22 144-46) 19124 98 

23 (46-48) 13/24 6.0 

' 

. . ·-cc-ccc-c::c-lc-:=+-.,.,~ 24 148-50) 1 4/24 36 

. 

50-
25 (50-52) 20/24 38 

- ~-.· 

'" . . Ii. 

lt!1if .. 
Ii/ 

.. 
fl 

MATERIAL DESCRIPTION 

l 

...... t= N.o.v,smle·N·A~·L· ~r-sh~e-n..... ... ...... . ... . .. . : 

SW Sa-i:urated, medium gray, well-graded SANO, micaceous: 
no visible NAPL or sheen . 

REMARKS 

'-.,-,.-,,-,-,w-,-,v-,-,-,,-,------------Wood ward-Clyde {#-----------------,-. ,c-' 



Project: RPAC Mod. 10 NAPL Investigation 

Project Location: Portland, Oregon 

Project Number: 92C0804A / 33 

Log of Boring G-5 

Sheet 1 of 2 

Date(s) 
Ori.lied 

Drilling 
Method 

Drill Rig 
Tyµe 

1 /19/98 

Geoprobe I Direct Push 

Truck-mounted Geoprobe 

I Logged 
Sy 

Drill Bit 
Size/Type 

, Drilling 
Conuac-ror 

D. Weatherby 

l-inch-dia. steel probe 

Cascade Drilling, Inc. 

Checked 
By 

Total Deprh 
of 8orehole 

Surface 
Elevai:ion 

Sampler 
iype 

2-faot-lang by 1-inch-dia. direct 
push sediment core sampler 

Groundwater Death 
and Data Measured Soil becomes saturated at 24 feet 

8orehole 
Completion Bentonite grout 

- SAMPLES 
C:} 

w .E! w ,3 0 U1 ~ ::=:. £ 
·.;::;~ ~""'CJ-:-c JC ru g-ro ~- ~ a.1-a w Ul c:• 
> w .co> >c.·-
w w ow E E -o CV 8 E-: w::::. 00 ro :, C - W ro C 

en z l'CIE CCU"l:.=:. 
0 

-45 - I 

' 
I 12-4) 16124 

if 

Wti 
2 (4-6) 10/24 

\:\,. 
5- -:~) 

< 
-40 ,. 

~; 
3 (6-8) 12/24 

-
418-10) I 21/24 

-
I 

10- , 5 110-121 17/24 

-;35 -

" 6 112-14) 21/24 

-.,:; 

~-~ 

, 7 (14-16) 14/24 

15- .' 

-30 " 8 {16-18) 20124 

-

~ -
9 (18-201 

- , 

20 
1 O ',20-221 

-25 - ·, 

0 c._ 
E E 
~ 0. 

U1 0. u 
.s; £ 

0. 
o-" ro "' - :, ~.s u. f-

~·· --~ ~ .. 
~ •.. 

144 ...... ••• •-1 
I• 

>1000 ' 
1~ 

' I• 
- , 

> 1000 

' ·, 
44 

630 

8 

> 1000 
-l 

. 

630 

. 

·' 1 T 122-241 2212d > 1000: :: )II: 

i 

j Comments See site plan far boring location. 

"'-0 w 
__, "O 

u 0 
·01U 
OCJ) MATERIAL DESCRIPTION 
au 
JC Ul 

:52 
Asphalt. 

GP Angular basalt GRAVEL. 

----- -r- --- ·- - -- - -- -- - ---- - ---- - - ---- ----- ·-. - - --- -- - -- --- -- - . - - ---
ML Moist, medium brown, gravelly SILT; angular basalt 

gravel, brick fragments. 
.-----with medium gray mottles; continuous sheen 

throughout. 

Wet, dark gray, sandy SILT with gravel, m1caceous, 

f 

brown NAPL blebs < 1 /1 6 inch 1:hrcughout, continuous 
sheen. 

------- - ------------------ ---------- --- ------------- --
ML Mo1s1 medium brown, SILT with sand, gray and r yellowish brown mottles; no v1s1ble NAPL or sheen. 

- -- - -
ML 

~,r--With organic maner, roots. 

l 
f-

Moist, medium brown, sandy SILT, micaceous. 

.--- No visible NAPL; continuous sheen. 

-

-

-

. ·sM·- -·wet: fnE!diUin-tir·o·w-n: Sf1t'{ ·sA·No-,- ~iC·a-~eou~; ·s ·dark- -- -- -
brown NAPL blebs 1/32 inch, sheen t~roughout. 
J 1 0 brown NAPL blebs l (32 inch. 

~,-Becomes wet to saturated; brown NAPL b/ebs 
~ .,. 1 /16 inch throughout, continuous sheen. 

t r--- -5 brnwn NAPL blabs 1132 inch, continuous sheen. 

D. Weatherby 

54.0 feet 

45 .98 feet MSL 

REMARKS 

Begin Drilling at 0930 on 
1/19/98. 

'""""-,.-,,-,-,w-,-av-,-,-"-,------------Wood ward-Clyde C#-----------------,,,.,,,...., 



Project: RPAC Mod. 10 NAPL Investigation 

Project location: 

Project Number: 

Portland, Oregon 

92C0804A / 33 

Log of Boring G-5 

Sheet 2 of 2 

c:J" 
0(/") 

·;:.2 -~ >" "© 
uj-=. 

~20 

~15 

'-10 

~s 

~o 

~-5 

-=c SAMPLES 
" ~. 

.c =a a--§; ~ o._ w"tl_ 
© :U ru C 

?; 0.. C 
© © m 
.DO::, >c..·-

a © E E -o ::U 8 E-: 00 ro :i ........ © ro C 
Ul z-c a: u:i :=. ·-25 
~ 12 12<1-26) 12212• 

•. I 
'J., 13 {26-281 21124 . 

-

, 
14 128-JO) 18124 

::::: •• 111 SPSM 

~~~720 :If 
J ... 

150 I I: 
-

:.:,-.. .,. 
30 :(.: 

' 
15130-32) 20/24 

"~•.'. I 
-ll':a" ____ _J__ __ c-----! Ir, t 

=:"..::' 17 (34-361 I 0/24 • I- -
35--~ --

i· 
--W!l-c-18~1~3

7
6-~38~1 +-18~/2~4+~78 f '.f;f 

' : f 
--iiir.1~9~1~3~8-~4~071 +=,~,1~,~.+>~1~0~00"' 

-

I 
~{ . 

16132·341 

' 
17124 

<· .. 

SM 

MATERIAL DESCRIPTION 

SAND w',th silt; > 1 00 dark. brown NAPL blebs tc 
1/2 inch throughout (24-26 feetl. continuous sheen. 

~LNAPL blebs floating on water at top of tube. 
.r--Dark brown NAPL blebs 1/8 inch throughout, 

continuous sheen. 

.---NAPL blebs 1 /32 inch throughout, continuous 
T sheen. 

~-
~ >20 NAPL blebs 1/32 inch, continuous sheen. 

r- > 50 NAPL blebs 1 /32 inch throughout, faint sheen. 

~ J No sample recovery at 34-36 leet. 

Saturated, medium brown, silty SAND, micaceous; no 
visible NAPL or sheen. 

~LNAPL blebs floating on water at top of sample. 
,r--Continuous sheen throughout. 

-

-

40- 20 140-42) 

,. 

-. 

16124 -- -~LNAPL blebs floating on water at top of sample. j 
.r-NAPL blebs to 1/4 inch rhroughout, continuoJs 

sheen 

21 (42-44) 1 B/24 

;::;: -
22 (-14-46) 15/24 

45-

23 {46-481 21/24 

I 

24 (48-50) 17/2~ 

• 

50- 25 !50-52) '1124 .. 

;-.... 
26 152-54) 17/24 

< 
-

~{ 
. . 

55 I i I 

--

B.5 

I 

174 

114 

13 

17 

I 

i f • : ~g~~~r~\;~P w°;:hs~7'cf'~eri NAPL; very dark brown NAPL 

·,: =· ··sM · --s~t~~~e1·:-t1:;1i~~!:~;~9
/·

0

;1~y-1·1~~-SAN·o,-~icaceaus, 
'.:;:::::: f----- no visible NAPL or sheen. 

'· . .-:·: ,. 
> 

.r--Brown NAPL blebs < 1/32 inch throughout, 
continuous sheen. 

.--No visible NAPL or sheen. 

Saturated, mediurn brown, SAND with silt, rnicaceous; 
no visible NAPL or sheen. 

Boring cerminated at 54.0 feet. 

-

REMARKS 

End drilling at 1430 on 
1/19/98 . 

------------Woodward-Clyde e------------~c~,..., 6124138 1WL3Y RPACN 



Project: RPAC Mod. 10 NAPL Investigation Log of Boring G-6 

Sheet 1 of 2 
Project Location: Portland, Oregon 

92C0804A / 33 Project Number: 

Dare(si 
Drilled 

Drilling 
Merhoci 

Drill Rig 
Type 

Samp1er 
lype 
Borehole 
Cnmpletion 

1 /1 5/98 

Geoprobe I Direct Push 

Truck·mounted Geoprobe 

2-foot-long by 1-inch-dia. direct 
oush sediment core sampler 

Bentonite grout 

SAMPLES 

-5 ;, 
" 0. 

~ "'O ~. 
(!) (l.l~ WWc 
.co> >a.·-
E -c ui 8E'": 
~c~ woe z coS oc (I):.::. 

Lagged 
By 
Drill Bit 
Size(Type 

D. Weatherby 

1-inch-dia. steel probe 

'1 Drilling Cascade Drilling, Inc. 
Con tractor 

Checked 
By 
Total Depth 
of Borehole 

I Surface 
I Elevation 

Groundwater Depth 
and Date Measured Soil becomes saturated at 17 feet 

Comments See site plan for boring location. 

MATERIAL DESCRIPTION 

D. Weatherby 

49.0 feet 

45.39 feet MSL 

REMARKS 

-45 I 
-+-~~~~f-~-+~~-h,:,ccd-~~--t~·C-o_n_c-,-,-t-,-,-2~in_c_h_e_s_t_h-ic-k-.~~~~~~~~~~~~~+.,B,~g"i~n~d~ci~Jli~n-g-,~,~0~9~4~5-o_n__, 

1/15/98. 

-40 

-35 

-30 

-2.5 

1 (1-3) 20/24 ~i.,.:~.\~',,:1. -~~-h=71-",-FP'Pi"f---Mcc-L--f--M-o-i-st-,-rn--e-d-iu_rn_g-,-,y-.-S-IL_T_w_it_h_s_,n_d_, ___ 5_%_a_n_g_u_la-,-t-o---, 
c~;:i subrounded grave\, wood fragments, medium brown and 

yellowish brown mottles. 

w 
2 !3-51 114/24 3 

5 -,·'f·f-~3c;lc;c5~· 7;,J-fc2"1c;l2"4;-f~,,-I 

4 \7-9) 21/24 11 

5 !9-11) 1 B/24 22 

10-

6 (11-131 ??/24 153 

.. ,. 
7 I \3-15) 3/24 -

15-·"-
8 (15-17) 10/24 > 1000 

., 

20-' 

-
11 (21·23) 122/24 

12 !23-25) 24/24 220 

. . i: 
SP-SM 

+-Layered with lenses of dark gray sand 2 inches 
thick. 

f--,r--No mottles. 

Moist, dark gray, SAND with silt, rnicaceous. 

-

----- -~-------·---------------- ---------------------------- ----
ML ~ Moist, light brown, SILT with sand, wood fragments, 

1 

medium brown and dack gcay mottles. 

' 
-

Ir-Faint but continuous violet sheen on sail. 

· · .J w,::;,:";:::,.::"::::; ~:::",;;,a;; " ""' · j 
. • i 

·.··.'.·IIf.:( SP--SM- --~~~~~t~~~1~ihi~~~~i ·t~ff/~1~ii~i~t~-1i~~i~r~tiiii-~; .. ·-
, •... ff_ ML-+-:~:::nlrf ~b:h-:~~-:P;~:::-~1:;,i~~na~:~~~o~~h~:~c--·-I 

' 
•• 

_ blebs 114 inch, no v1s1ble sheen 

_ --··--~~-o-·~,s,bl.e.~APL-or_'heen --·· __ ·---l 
SM Saturated, medium brown, silty SAND, m1caceous, no 

visible NAPL or sheen. 

. , 
' - . 

-;, 

25-~l·fil.·L_~~~_J_~~'--~_LL.LL.L~':ill.;._·_--J_-~-w~-~·~t,~--~m~e~d~iu~-m~·~b~-,~Q~-w~~~-.~·~sa~n~d~·v,-~s~IL~T~··~---_·_-_-~·-·_·_··_-_·_·_-_·-_-_·_-_·-_·J_~~~~~~~~--I 

-"~,,-,,~,-,w-,-,,-,-,-,c-,------------Woodward-C\yde e----------------.,,G-,,,..., 

(' A I ..... 



Project: RPAC Mod. 10 NAPL Investigation Log of Boring G-6 

Sheet 2 of 2 
Project Location: Portland, Oregon 

Project Number: 92C0804A I 33 

-I SAMPLES . :;; lh----~--o 2 -:-: -c 
.£.- ~ Ol-c-
c ..c I <lJ ,._ o._ .._ · 
{Q. C ]~ ~ ~-5:E:: 
0 

(lJ E Eu ~ 8 c-: 
00 m :Jc,.. cu:uc 

MATERIAL DESCRIPTION REMARKS 

(/J z ~ O:(l)·-

25 4 @=·.-,1-, 3=--12=5=.,:..,-, .t:\ =, s=,:..,,::_i_:::..:_-h--~+----+..--W-e-,-, _m_e_d-iu_m_b-ro_w_n_, -,-an_d_y_S-IL_T_;_n_a_v_i-,i-b-le_N_A_P_L_o_r--. -ji----------.., 
,<i - sheen (cominued). :+ 

~20 

~15 

'-10 

~5 

'-0 

~-5 

a 

> ,_oco I:) -r ..•.• SP·-s·Mr-!~itP~i~i;~i~i~;~ ;a5in~~~ :iti~i~ii~ii:ii~~~i;i, ---
1 • r--Fewer NAPL blebs (only 4 observed); no visible 

: sheen. 

> r -

. 

~r. 14 (27-29) 22124 

15 (29-31) 24r'24 

-I'll., !l-c~c-c-c=+c=c-f-5cc2cc4:.• ·.·,.·. ,-- No visible NAPL or sheen. ?· 16 (31-33) 24/24 ., T 

$. 

35 --lf'g:~a·,~-,ca

7

~-

1

'"

3

~

3

.-~

3

:

5

,,

1

:~'-'~·

1

-,oe--

4

.+f--"·~,c,-.:: 'J·· f 
~; 18 (35-37) 24/24 354 .. 

•• 

19 \37-39) 22/24 I 

4

•

0

• 1! -

20139"411 19/24 1' 
40- I( 

-Wi<---,,-·1-,-,.-.,-, -1-c-2,-12-.-+--.~,--, 

22 {43-45) 21124 35 : :· 

·:~-

45 -M~~' L2_J_l~475-~4~7,-+,-,-,2-,-+-,~.c--1 

:f.' 

. 
24 147·491 14/24 ·-

50-

. 

. 

t· . 
t· 

SM 

' 

' 

.- • 1 5 dark brown NAPL blebs 1 /1 6 inch, continuous 
sheen. 

r-No visible NAPL or sheen. 
T 

Saturated, dark gray, silty S.A-.NO, micaceous; no visible 
NAPL or sheen. 

Boring terminated at 4"9.0 feet. 

-

-

-

End drilling a-r 1 545 on 
1/15/98. 

L-,,-,.-,,-,-,w-,-,-,,-,-"-,------------Wood ward-Clyde e-----------------,-,'""· .., 



Project: RPAC Mod. 10 NAPL Investigation 

Project Location: Portland, Oregon 

Project Number: 92C0804A I 33 

Log of Boring G-7 

Sheet 1 of 2 

Date(sl 
Drilled 

Drilling 
Method 

Orm Rig 
Type 

Sampler 
Type 

Borehole 
Camp!etion 

~ 

c::J • 0 - . 
0 ti) o-

·.;:::;~ .c-
C .C • ·~ >. ~ a.la ~- o • E w,:c 00 • 

ti) 

0 

' .,· 

1119198, 1120/98 

Geo probe/ Direct Push 

Truck-mounted Geoprobe 

2-foot-long by 1-inch-dla. direct 
push sediment core samoler 

Bentonite grout 

SAMPLES 
.c i3 .... a._ Et:u--:-

• • • ••c 
.co> >Q.·-
E "'C W SE-: 
:, C ~ ••c z (ti .E a:(/):.;::. 

l (2-4) 4124 

I 

• a._ 
EE 
• 0. 
ti) 0. 

.s-; 
o.c - :, 
U.1-

u 
.c 
0. 
•m 
" 0 l? __, 

r.J~ 
_J ' 

-45 " 
c--:-cc;--:c---t-=:-1----;;-, . 7 I• , 

• 
' 

I 
Logged 
By 

I 

Drill Bit 
Size/Type 

D. Weatherby 

17inch-dia. steel probe 

I 
Drilling Cascade Drilling. Inc. 
Cont~actor 

Checked 
By 
Total Depth 
of Borehole 

I 

Surface 
Elevation 

I 
Groundwater Depth 
and Dare Measured Soil becomes saturated at 24 .feet 

Comments See site plan for boring location. 
' 

°'-0 o 
__, "C 
u 0 

·o:iU 
a UJ I 
au 
.c ti) 
::J 2 

MATERIAL DESCRIPTION 

ML Medium brown, gravelly SlL T; angular basalt grave(, 
brick fragments. 

f+ .r--With wood fragments. 

-----+---f------tt· :II - - - - ---r----- - - -- - -- -- -- - -- - ----------- --- -- - ---- ---- -- - ---- ----
;: 2 (4-6) 16/24 3.7 ML Moist, medium brown, S!L T with sand, wood fragments, 

-40 

-35 

-30 

~25 

5- it i-- fine roots, gray and yellowish brown mottles. 

tt 
.t 3 (6-8) 
» 

22/24 0.48 

-

- ., 
4 (8-10) ??/24 

-
. 

10- .. 
5 110-12] 20124 

- . 
I 

' . 
~ 

6 (12-14) 21/24 > 10001 
- ,;;:;:< 

,., 

k 7 114-16) 22124 > 1000 

15-~%' 
~ 

- : . 
8 116-18) 22/24 :::, 1 ODO I 

- ·,,. 

- 9 118-20) 22/24 > 1000 

-

20-. 
10 (20-22) .-~ 22124 >1000 

--
11 (22-24) 23124 > 1000 

- .:. 

12 (24-26) 1 8124 > 1000 

+---- --- -- ---- --- --- -- -- - ----- --- . - ..• ------ -- -- - - --- ---- --
ML f Moist, medium bcawn, sandy SILT, micaceous, with 

1 
gray and yellowish brown mottles. 

..-- Faint discontinuous sheen. 

..--Faint continuous sheen. 

ML Moist, medium brown, SILT with sand, decomposed 
roots; faint sheen. 

I. -- --. +--- - -- -- - - -- - . -- - - - ·- .. - --- - - .. - . -- . -- -- ·-- -- - . -----

1 

ML Moist, medium brown, fine sandy SILT, micaceous; 
2 NAPL blebs 1 /8 inch, faint sheen throughout. 

,-r-No visible NAPL; faint sheen throughout. 

-

-

--1 

I 

D. Weatherby 

46.0 feet 

47 .71 feet MSL 

REMARKS 

Begin drilling at 151 5 on 
'1/19/98. 

.._,,"""""""'""'""''"'"~'=,~,c~,------------w oodward-Clyde e-----------------,G-· ,,.., 



Project: RPAC Mod. 10 NAPL Investigation 

Project Location: 

Project Number: 

Portland, Oregon 

92CD804A I 33 

Log of Boring G-7 

Sheet 2 of 2 

_::; 
0(/J 
·.;:::::~ 
rn -
~ " 
"" u]~ 

~20 

'-15 

~10 

" .2! " 0~ .=-
C .c " ~a.le 
o • C ao iti 

(/] 

25 
It J~ 
A· 

. 

. . -~ 

30 .! 

" .f 

-x 
it 
::::~ 
.. 

. . 
,. 

' 35- '• 

. 
, 

-

SAMPLES " c._ 
.c 

C o._ 
" " • .0 0 ~ 

E -o OJ 
o C -z a C 

12124-261 

13 (26-281 

14 '.28-30) 

15130-32) 

16 (32-34) 

17 (34-36) 

18 135-38) 

13 (38-40) 

=o E E 
~ "'O--: rn Q. 

(/J .s. u 
~~ .. ~ .S: Ql 

.c 
o-- Q. 
UC 0 .0 rn a, 

" rn c:: - 0 "a cc U) :.=: u. >-- ('.)~ 

MATERIAL DESCRIPTION 

18124 I> 1 ooo l; I 
l 8/24 390 1: ::: I ·: .. -

SM Saturated, medium brown, .silty SAND, micaceaus; faint 
sheen throughout (continued). 

',- ,------ Faint sheen occurs as 1 /8 inch spots on water. 
• 

20/24 >1000 

22/24 >1000 

19/24 '7 

0/24 .. 

17/24 40 

22/24 <60 

'.r.:: 
1,. 

11 
T, 

,. 
r- -r--- -1 0 NAPL blebs 1 /1 6 10 1 /8 inch, sheen 

throughout . 

: -~-~. -- -----1---- -- ---- ------ ·-------- --------- -------·· .. -------· -· ----
ML Saturated, medium brown, sandy SILT, micaceous; no 

visible NAPL; faint sheen throughout. 

--~·": :: --SM-. - --S~tU~ate~(-m-edilJ_rTI_ b~~~n~ -s-ifty-s·A~iD .- -~i~a~eO-l.JS;- ;~- --- -
" -------r~ visible NAPL· faint sheen. , 

I 
SP-SM 'satur-ated,-ni'ediUin ·bro~-~.-s-A~io -~-1th s1\t~ -m-1ca-ceOus:. ~ 

no v1s1ble NAPL or sheen . 

. ! . f l ~ ""'"""'"" """ '"""'· . 
. .l ..... ML . +·. ~il~isl~r~:N~it":~ s~~~n: SI.LT .wi~ ·s·a-od: .mrcaceo·u·s·;·· .. 

40 - ., 20 (40-42) 1 a,24 I 430 

· l · SM ~;~l~r:~iPr,•i~~~n~iit;hs~~A SAND, micaceous; no 

/ \./ """"r-No visible NAPL or sheen. -

21 (42"441 21/24 640 

.,: 

45-
·: 22 144-<61 22/241333 

. 

): . . 

Boring terminated at 46.0 feet . 

REMARKS 

End drilling for 1 /19/98 al 
1650. 

Resume drilling on 1/20/98 
at 0925. 

Sample slid out of tube: 

End drilling on 1 /20/98 at 
1100. 

.....,.,,~,.~,,~,-,w-,-,y=a,-,c-N------------Woodw ard-Clyde ~ ----------------~c-. ,...., 



Project: RPAC Mod. 1 0 NAPL Investigation 
Project Location: Portland, Oregon 

Project Number: 92C0804A / 33 

Log of Boring G-8 

Sheet 1 of 2 

Date(sl 1122/98 Logged D. Weatherby I Checked D. Weatherby Drilled By By 

Drilling Geoprobe / Direct Push Drill Bit 1--inch-dia. steel probe I T:ital Depth 54.0 feet Method Size/Type oi Borehole 

Drill Rig Truck-mounted Geoprobe Drilling 
Type Contractor Cascade Drilling, Inc. II S,Jrface 

Elevation 48.94 feet MSL 

Sampler 2-foot-long by 1-inch-dia. direct Groundwater Depth Soil becomes saturated at 20 feet 
Type push sediment core samnler and Date Measured 

Borehole Bentonite grout I Camr:1ems See site plan for boring location. Completion 

'° SAMPLES • "'- I 
C ::J • " a._ 0 " -• 'i, E E 

__, "'O 
0 U) o- .c: u 0 
·;::.2 -- o._ ::: "'D --: 

ro 0. ·5,U c .c ;;; (/) 5', .g MATERIAL DESCRIPTION REMARKS ro ~ " • ro W W C OU) 
> " ~ o'.. ~ .oo > >c.·-

-~ <D a. oU 
" " o " E E -a @ 8E--: -- o.o ro "' .c: U1 
W- O O ro oc- W ro C _a ~ a :!:: :) 

U) z {1J .5 CC::UJ:.=. u.. f- CJ __, __, _ 
a - Asphalt 6 inches thick. Begir. drilling at 11 00 on .... GP Angular basalt GRAVEL. 1 /22/98 . 

. 
Concrete 1 2 inches ,:hick. 

ML Moist, medium brown, SILT with sand, light gray and 
yellowish brown mottles. 

-45 ... l (4-6) 20/24 7 
.·,: 

5- .; - -
,, 
v,, 2 !6-8) 14124 109 

" 
. 

I - -- - . - - - - ----- -- - --- -- ---- - -- - -- - - -- -- --- -· -- -- ----. - - - - ---- -- - - ---
3 18-10) 16/2-l. 480 ML Moist, medium brown, fine sandy S!LT, micaceous. 

r4Q 
=:}- Light way stain. 

10- .. ,. -~Continuous sheen forms when water added to -
4 (10-12) 16/24 699 T sample. 

- ' : - - - - -- ---- --- - --- -· -- -- - - -- - - - -- - ---- - - --- --------- - -- - -- -- -- -- ---
5 !12-14] 7?/2.4 >1000 SM Moist, medium brown, silt~ fine SAND, micaceous; 

continuous sheen forms w en water added to sample . 
. 

C 

r35 e 
6 114-16) 18/24 > 1000 · 

15- .. . .:, --- ----f-- -- ----- - ---- - -- - - - -- - - - - ---- - -- --- -- - ---- -- -- - -- -- ---- ---
ML Moist, medium brown, SILT with s;:ind; continuous 

sheen forms when water added to sample. 
- -- - - - - - ·- --- - -- ·-· -- - -- -. - - - -- -- ---- --- -~- --- ------ -- - -- - - - - --- --

7 116-18) 19124 1 >1000 ML Moist, medium brown, fine s'andy SILT, micaceous; 
continuous sheen forms when water added to sample. 

I 1, 
Jwet; > 50 NAPL blebs < 1116 inch. 

- - - - - - - -I- - - - - -.- - -- -- - . - - - - - - - - - -- - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - -
8 {18-20] 22/24 >1000 '.. SM Wet, medium brown, silty fine SAND, micaceous; no 

r30 e visible NAPL; continuous sheen. 
' 

.20- :.:> ....... Becomes satura,:ed; no visible NAPL; discontinuous -
9 120-221 l 8/24 > \000; 

sheen. 

·$ 
} 

f i[ 1 

,., .. 
- . - -- - - - ---------- - . - .. - - - - - - - - - - -- - - - - - - - - -- - - . .. - - -- - -- - - - . -

' 10 (22-24) 21/24 789 SP-SM Saturated, medium brown, SAND wlth si!L m1caceous; 
< discontinuous, spotty sheen. 

a 

-25 I _ J_:_1_~ -~~?~. ~1_e.~~ _ S_t (~ _i~::~~-- _____ 
"1 

... ------- . - -- -- - - - - - - - - - -

" (24 26) 19/24 380 !J SM S.a~urated, medium brown, silty SAND, micaceous; nu ,.;1 
25 :., visible NAPL or sheen. 

Woo w r JJD,.. 
' 

,. ' -6/2 198 NL3 RPACN d a d Clyde .._,, G· 8 

(---,-Q' 



Project: RPAC Mod. 10 NAPL Investigation Log of Boring G-8 

Sheet 2 of 2 
Project Location: Portland, Oregon 
Project Number: 92C0804A I 33 

• 

20 

15 

-10 

5 

-0 

SAMPLES i~ h~---=--i c._ 
:: -o IEE 

,._ c:.._ ~'1?-i rn a. 
m 1l o v G.l Ci (/J o. .:.: 
.ao > >o..·-i :: s::. E ._ 0 E-..., ·- ,u · n.. · 

MATERIAL DESCRIPTION 

~ ..,-ow ,~ttc:!9-§;:<1:>o· 
,U) z~.S 10:0=.;u..r:25~ 

Saturated, medium brown, z.ilrv SA.'\E), micaceous; no 
visible NAPL or sheen !continued), z5.._fJ.;:;:~::~:~::;:~:f .. ;;:;:~:~•._:;:::~~:,i1:1":,'.j=.j1!ll-';:S~M;-j-

i I f: 1 

~ 13 ;zs...:.lOl 117/24 • 1' ;\ij SP·SM . S~·,~;;;;d:·d~i~ ·g;;y:S.At-io ~,;h·;,i,:·.;.;;~~~~~~;: no 
· ;:.:_:f(: vislbla NA?L or sheer. 

14 !30--32] 20{24 : 130 : <:. : :ii 
•• · •• •I 

15132-34) 22/24 185 j:1·•.·.:.· 11 · SM Sa1u,;t;d;·,;;~.;,~·,;;· bcown, siltv SAND. mlcacecus; no 
I' ·- ' visible NA?L or sheen . 

.. ,,, .. ,, .. , . ii J i J 
"13,.1,1 ; ,,,~·1· ;! 1 ·,:,c·t-S-a~~~;t;d:-~-e-di~-~-b;~~.~~-s-;~dV-S1L r~ -.~f~~~~-o-~~:·~-;--- 1 

I : vls:ble NAPL ocsheen. ...... .. ............... .J ~ 8 !38·4-0i : lB/241 48 · 1 .. ~~[l ;,;;;;r.;, I -s;-,~,;t~d;-d~;k :;;;;, SAND-,:,llh Sil,, rn,caceous, nu j 
I ,_:IL___ ~ v,sible NA.PL o:sneen ........... - - ... J 

'7.,gcc,,;4;;0,
7
4"'21-,

1 

:5124: S29 11,}.ff, SM r Satu•ated, med,c.-r brown. s,lcy SAND, m,caceous, no i 
: ·; :, I 

I 
visible NA?L; dlscont,ncous sheen. 1 

201•1<•1 2012<[,,ooojf: f ' j 
I' ' r 

,1 , ..... ) 23124 438 
1
J ., r 
i j I 

22 !4648! ! 22124 >1000 :1J1 ....................... J 
23 !48-50! !6!24 109 :.:r.·.•.rr::.t s·P-S"M"i Saturated, dark gray. SAND wrth silt. m1caceoJS, no I 

>: ::·! { . v1s1ble NAPL, very soarse sheen spo;s. i 

24 l50·S2I I , 112,'. 55' fr if :If . ML.. ~,:i~r:;~ipr'if ~i.i~~;,;.~: ;;~d~·S,LT: ·,;;i~~~;;;~~,-~~-- ... 
:l, 

30 

35 

40 

45 

50 

"' 25 (52-54) 21;24 I S62 

i 
v•s1b!e :\!APL, oscom1111..,ous sheen 

REMARKS 

.i,: ... · .. ··t: .. ·:~·.··f

1

: ••••. SM ""Sa~~~a~~d~ med1J·; ;;;~~:·;\tty~s·;,~·o~-~~~;~~~~-~;-~~--~ ... 
, -:'. End drt,1,ng o'l 1,2219B at , 

l
·--5 ·~fL'"'-·.,:4-~'------- 11530_· _==31 

8onrg termmated at 54.0 feet. 
55-'---'---~--'-~_!_~'---'-~-'-~~~~_;;_~~~~~~~~~--L~~ 

'","'"""'"'"""'"'w"·ca"',"'-'ae""•c"'.,,-----------Woodward-Clyde e G 8 



Project: RPAC Mod. 1.0 NAPL Investigation 

Project Location: 

Project Number: 

Portland, Oregon 

92C0804A I 33 

Log of Boring G-9 

Sheet 1 of 2 

Oa;:e(s) 1/20/98, 1/22/98 I Logged D. Weatherby Checked 
Drilled By By D. Weatherby 

Drilling Drill Bit Total Depth 
Methcd Geoprobe / Direct Push Size/Type l-inch-dia. steel probe of Barehole 52.0 feet 

Drill Rig Truck-mounted Geoprobe Drilli11.g Cascade Drilling, Inc. Sl!rface 51.27 feet MSL 
f--'-T'--Yc.P''------------------------+~C~o-'-n-'.tc~a-'.c.C.to_,_,..--------------~E_le_v_at_io_n ____________ ----' 

Samplsr 2-foot-long by 1-inch-dia. direct Groundwater Depth Soil becomes saturated at 24 feet 
2Y~P0•,~---o~uc.s~h~s~ed~i'--m'--e~n'--t~coc.,~e=sac.m.c.10=le~r---+-a_n_d_O_a_t_e_M_e_a,_u_,_e_d ____________________________ --l 
Borehole I Completion Bentonite grout Comment:. See site plan for boring location. 

-50 

-45 

-40 

-35 

~30 

SAMPLES 

u 
:c 
c._ 
~a, 
' 0 

l'.) _J 

MATERIAL DESCRIPTION REMARKS 

O -t-t---~:---t1--i:~'j,;J=_-:_~~-:_-:_i-:_~c~o';n~c';c"ej1c'e'=:°"6;:"i"n;c;;h;e;s,_"1{h,,i,-cJk;;.:::::::::::::::::::::::::::~Bs-,:cgccin:-:;dccril"'lin-g=-a,,..,.17
44

7
5,-0-,---I 

1: SP Moist, medium brown SAND, micaceous. 
1120198

· 

I 

1.. I 12·41 13/24 14 )) 

1 ':ti , 
5-~·il:,:if,-,c-c!4c--6;c;i--\-,-22c;-/c;2-;-4-t---;,c;3:--fl;:.'/c_; :.','_--.1 ----------- ------------------------------------------------------

~::-- 3 (6-8) 

~ 

418-10) 

20124 

18/24 59 

1 O- ··-r -,-1-, o---12~1-+~,-3,-,-.-+--,-,---1 
' 

6 (12-14) 23/24 I 6 

t ,-
; 
-· -

7 \14.-161 ??/24 59 

15-

ML Mo\st, gray, SILT with sand, decomposed roots, 

' 

f-

yellowish brown and reddish brown iron oxide mottles. 
r--Becomes medium brown. with no iron oxide 

mottles. 

-

-

-
8 116-181 

22/24 8 > ['. ~}'~-~~0~~~~~~~~~~J~~~~r~o~~~~.:~~~0~~~~~~~:s:i~~~~i~~~<~~~~:~~::::~:: 

~+-----c-c-111 -' 
ML Wet, medium brown, fine sandy SILT, micaceous. 

9 118-20) 22/24 1 7 

. '" ... '"'"~:,:: ~~::::'.''. '"' s '"'·. "''""""' ....... j 20- -,~a,..,~,~o-~,~,,.., -t-c, ~9,~,~.-+-~,~,c---1{ · 

-

ML Wet, m_edium brown, fine sandy SILT, micaceaus. j 

, : : ::::: I :::: _: _: _ 

1 

sc L ,c;,; ;ca: ''"'" , ;c, ; '''°" "'° cc;;~;.: I 
2s~~~~~~~~~~~~--~--------------------~-------------< 

----,,01"""'""'""1w",.,,,,,..,,,,.,,,c"',,------------w oodw a rd-Clyde e----------------~G~-,,...., 

(',_() 



Project: RPAC Mod. 10 NAPL Investigation 
Project Location: Portland, Oregon 

Project Number: 92C0804A / 33 

Log of Boring G-9 

Sheet 2 of 2 

SAMPLES ~ "'-
"5 2 1-~-E--~ti----, EE ~ ~ 
"§~ '1:l ._ a._ ~U--":" ~ §: Ll ·oiU 
3Q.1-::::- ~lllrn ~~c:,.. .c OUi 

1...; ..oo;::, 0 ~::: .=w c. Ou 
0

~ E Eu~ uc. 0 ..c caO'.l .=.Ui 

MATERIAL DESCRIPTION REMARKS 

0 ~ i ~c ~~.S: u:~ c'.5.3 :S2 
25 -J;;;).~1;2~12;~:.::2~51-+:;,2~;~2,=J.1-=1~6--jl:~r~

1
i ... ;t}_-_=~~M~_-__ +-__ ,r~:~;~1~~~~~~~~~-~~~~~e~:~.i~~=m~_"b~~~~w~_=n-:_~s"i~~Yc_"~i=n=e'S'_A' __ MNrD~:~_m~,=·c=a=c~e=o~u;s-_-_-_t-------------j 

,.,,,-,-3~,,-.--2~.~,+,-,7.12-,+-,~,-1 ~2s 

20 

-15 

'-10 

-5 

-0 

I:.·. f-----+---1--=-t., :~l'·: :· -------1----------------------------- ---- ---------------- --------· 
14 {28-30\ 21124 685 : :;:r. SM Saturated, medium brown, silty SAND, micaceous. 

ML Wet medium brown, fine sandy SILT, rnicaceous. 

' 
30 -IZ<''1----+---+----1 .. i,: 

}t 75(30-32) 21/24 43 
-

. 

40-

. 

45-

. 

. 

50 

. 

·' 
16 (32-34) I 22124 

-·~--=-+-----i--c=-1·· 19 !38-40) 18/24 972 

+ ·30 NAPL blebs < 1 /1 6 inch throughout 
continuous sheen . 

SP·SM Saturated, medium brown, SAND with silt, micaceous; 
i=: no visible NAPL; discontinuous sheen throughout. 

_2_0_,._o_-·_'_'---l-'-'_1,_,...j._-_JI,:.µ I ...... c=. "'1/ ,%~\~\\' "' '" "' •> ro•""""' ..... · 

i> SM Saturated, medium brown, silty SANO, micaceous; no 

• 

i: 

.. it. 
::;;~ 

' 
I 

I 

21 !42-44) 19/24 27 

I· , .. ·. 
visi:Jle NAPL or sheen . 

22 144-461 
·~----=+,=-,---,-----{.''c,ct:1-. ---- ---- -- --- --- -- -------- --- -- . ----- - -- --- --·- -- . --- ---· ----

19/24 24 : SP-SM Saturated, medium brown, SAND with silt, miceceous; 

23 (46-481 12/24 1.7 

24 148-50\ 16/24 0.66 

I 

25 (50-52) 22/24 0.28 

::.;:. .- no visible NAPL or sheen. 

SM 

. ::i. 

: /t- ,. 

Moist, medium brown, silty SANO, micaceous. 

r--Becomes saturated . 
T 

Boring terminated at 52.0 feeL 

-

1 

End drilling for 1 /20/98 a, 
1715 . 

Resume drilling on 1 /22/98 
at 0800 . 

End drilling on l 122/98 at 
0850. 

I I I l 55_.Li_i ___ L___J _ _J_ _ _J_ _ _L ____ ~--~~~~~~~~~~--'-~~~~~~--i 

~-"-,,-,,-,-,w-,-,,-,-,-AC-N------------Wood ward-Clyde e----------------~,-,,...., 



PROJECT: RPAC-PDX DUPL/C 
Elevation Reference: POX Datum Well Completed: NA 

Relative Ground Surface Elevation: 35.6 Feet Relative Casing Elevation: NA 

0 

5 

10 

15 

nl ,) SOIL DESCRIPTION 

Dense, damp, mixed silt, sand, and 
gravel FILL (3/4-inch minus to 3.0-inch). 
Dark black staining and NAPL odor 
noted at 2. 0 feet. 

Medium dense ta dense, damp ta 
slightly wet, black, clayey, sandy, silty 
gravel FILL. Very strong odor and 
staining. 
Concrete encountered at 8.0 feet. 
Sheen ta groundwater. 
Loose, very damp, black, caarse
grained, foundry sand and slag FILL at 

. Z .. Q,8.5_ feet_ _____ .. _. _________ ._. __________ _ 
Medium stiff, wet, alive-gray, slightly 
plastic, micaceaus, clayey SILT with 
fine-grained sand. 

• C. 
E 
•c "' -

BORING No.: HA-01 PAGE 1 OF 1 

• 
• C, 

- C 
.:: ~ 
~ . 
C 0 

>"' 
(ppm) 

22 

32 

Boring Method: Geoprobe 

Borehole Diameter (In.): 2.0 

AS-BUil T DESIGN 

Benlanite Chips 
Cap 

Hale was 
backfilled with 
bentanile grout. 

" \U 

" >-
-' « 
z 
« 

RPAC 
SUITE 

RPAC 
SUITE 

lnterbedded fine-grained, clayey, silty 
SANDS and clayey, sandy SILTS. 
Strang odor, sheen, and NAPL blebs 
noted.in sail and water at 12.0-16.0 
feet. +.-~;,i. 21 

20 

2S 

Visual evidence of NAPLs noted from 
9.0-19.0 feet. 

Medium stiff, damp la slightly wet, 
brawn with alive blebs, slightly plastic, 
micaceous, clayey SILT. Odor still 
noted but no visual evidence of 

APLs below clay (ie: 19.0 feet). 

Total depth= 20.0 feet. 

LEGEND 

T 2.0-inch O.D. Geoprobe 
~ soil core sample 
..l'L with% recovered 

.1._ Encountered groundwater level 
WO while drilling 

Soil Analysts 
(8041, 8081, 8141A, 
8151A, 8290, 82606, 
8270, 6010fl00Dl2DD.7, 
7470/7471, NWTPH-Dx, 
8082) 

Drilling Started: 12127/00 Drilling Completed: 12.127100 

31 

PROJECT NUMBER: 0-61M-10703-0 T52 

RPAC-PDX 
Portland, Oregon 

AMEC EARTH & ENVIRONMENT AL, INC. 

7 477 SW Tech Center Drive 
Portland. Oregon 97223-<!025 
Phone (503) 63!>-3400 FAX (503) 620-7892 

Logged By: S. Bourcy/L Janc:::z:ak/F. Kumano 11071J:J1r,A1.0RW 



PROJECT; RPAC - POX BORING No.: HA-02 PAGE 1 OF 1 

Elevation Reference: POX Datum Well Completed: NA 

Relative Ground Surface EIB'Yation: 46.6 Feet Relative Casing Elevation: NA 

0 

5 

10 

15 

25 

th 
<) SOIL DESCRJPTJON 

Gravel FI LL with wood debris. 

Green, clayey silt FILL. Slight odor. 

Damp, brown to grayish green, clayey 
SILT. 

Green to gray, clayey SILT. 

Damp, brown, micaceous, sandy SILT 
with some clay. 

Wet SILT with some clay. 

Total depth = 20.0 feet. 

• 0. 
E 
•c ., -

.!!! 
C. • 
E c. . ,, ., >-

~ . "' =-= -"' .!!! • 
Q • 
> a: 

(ppm) 

"' C ~ , . 
0 -~ . 
Cl ;:: 

Boring Method: Geoprobe 

Borehole Diameter (in.): 2.0 

AS-BUILT DESJGN 

Bentonite hips 
Cap 

Hole was 
backfilled with 
bentonite grout. 

"' w 

"' > 
-' < z 
< 

RPAC 
SUITE 

JO~.L..~~~~~~~~~~~~~~~__JL..~.L..~__j~~....L~__J~~..C...,c,c:::-,-:~~-::-::---,--:-c-:-,--:-::-::--:-,--:c::',::-:-~--, 
PROJECT NUMBER: 0-61 M-10703-0 T52 LEGEND 

2.0-inch 0.0. Geoprobe 
soil core sample 
'Mth % recovered 

_y Encountered groundwater lev~ 
WO while drilling 

Soil Analysis 
(8041, 8081, 8141A, 
8151A, 8290, 82608, 
8770, 6010/7000/200. 7, 
7470/7471, NWTPH-Dx, 
8082) 

Drilling Started: 12115100 Drilling Completed: 12/15100 

RPAC-PDX 
Portland, Oregon 

AMEC EARTH & ENVIRONMENTAL, INC. 

7477 SW Tech Center Drive 
Portland. Oregon 97223-<3025 
Phare (503) 639-3400 FAX (503) 620-7892 

Logged By: s. Bourcy/J. Fassio/L. Janczak 11010:i1HAi.0Rw 

\ \ {\ A-.... .t'""') 



PROJECT: RPAC - POX BORING No.: HA-03 PAGE 1 OF 2 

I Elevation Reference: POX Datum Well Completed: NA 

Relative Ground Surt'1ca Elevation: 45.3 Feet Relative Casing Elevation: NA 

0 

th 
.,) SOIL DESCRIPTION 

Base course gravel FILL to 0. 75 feet 
underlain by dark brown to black, silty 
sand FILL with occasional gravel, green 
slag fragments, and crushed fine brick. 

Red brick at 4.0-4.5 feet. 

Neg 

Neg 

• 0. 
E 
• o "' -

5 -+-------------------+ 

10 

15 

20 

25 

Medium stiff, damp to slightly wet, 
mottled dark gray-brown, slighUy 
plastic, clayey SILT. Mild organic-like 
odor. 

Wet and slightly sandy. Strong odor 
and relatively high VOC vapor reading. 

Free water inside liner at 11.5 feet. 
Medium stiff, wet, dark gray, fine
grained, poorly graded, micaceous, 
silty SANO to sandy SILT {50%/50%). 
Strong evidence of NAPL impact: 
odor, soil staining, high voe vapor 
reading from 6.0-24.0 feet. 

Some disseminated NAPL blebs in 
upper 2.0 feet. Strong evidence of 
NAPL {staining, sheen, and high voe 
vapor reading). 
Decrease in sand content; slightly 
plastic, clayey SILT at base. 

Wet, sandy SILT. NAPL observed 
visually at 20.0-22.0 feet. 

·p1iiist1,,ci..AY ·at tiase: · Stian9 · -- · · · · · · ·· · ·· 
.ev.idence.oJ. NAP.L, ......................... . 
No evidence of NAPL below 24.0 feet. 

Dense, wet, gray, fine-grained, poorly 
graded, slightly. silty, micaceous 
SANO. 

Neg H-03-6-a1 

Pas 

Pas 
,o.s-12· 

Neg 

Neg 

H-03-10 

w . "' 
- C 
.::. ~ 
.! • 
Q • 
> a: 

(ppmJ 

0.0 

1.0 

2.8 

480 

357 

582 

r 

"' C ' :, . 
0 --. "',:: 

~ 
WO 

Soring Method: Geoprobe 

Borehole Diameter (in.~: 2.0 

AS-BUILT DESIGN 

Bentonite Chips 
Cap 

Hole was 
backfilled with 
bentonite grout. 

"' w 
"' >_, 
<t 
z .. 

RPAC 
SUITE 

RPAC 
SUITE 

30-L_ ______________ _J. __ L_ _ __L__llc;:;!~__J~__J~...J 

PROJECT NUMBER: 0-61M-10703-0 T52 LEGEND 

2..0-lnch O.D. Geoprobe 
'.'llOil core sample 
with % recovered 

~ Encountered groundwater leval 
WO While drilling 

!RPACl. 
~ 

Soll Analysis 
(8041, 8081, 8141A, 
8151A,8290,8260B, 
8270, 6010170001200.7, 
747017471, NWTPH-Dx, 
8082) 

RPAC- POX 
Portland, Oregon 

AMEC EARTH & ENVlRONMENTAL, INC. 

7 4 77 SW Tech Center Drive 
Portland, 0-egon 97223-8025 
Phone (503) 639-3400 FAX (503) 62G·7892 

Drilling Started: 12/5100 Drilling Compieted: 12/5/00 Logged By: S. Bourcy/L Janczak/S. Kohrs/S. Kranl! 0 0 
IHA:l.OAw 



PROJECT: RPAC • POX 

Elevation Referenca: POX Datum 

Relative Ground Surface Elevation: 45.3 Feet 

35 

th 
t) 

~ 

SOIL DESCRIPTION 

Harder probing at 34.0 feet. 

Well Completed: NA 

Relative Casing Elevation: NA 

BORING No.: HA--03 PAGE2 OF 2 
Baring Method: Geoprabe 

Borehole Diameter {in.): 2.0 

AS-BUILT DESIGN 

Hole was 
backfilled with 
bentonite grout. 

"' w 
"' >-
..J 

"' z 
"' 

Chlorine-like odor noted at 36.0 feet. 

Total depth= 36.0 feet. 

40 

45 

50 

55 

60-L-______________ L__L_ _ _L_ _ _J_ _ _l_ _ _J_ __________ __J __ ---j 

LEGEND 

2.0~inch 0.D. Geoprabe 
soil core sample 
with ".4 recovered 

_y Encountered groundwater level 
WO while drilling 

RPAC I 

SUITE 

Soil Analysis 
(8041, 8081, 8141A, 
8151A, 8290, 82608, 
8270, 6010/70001200.7, 
7470n471, NWTPH..tlx, 
8082) 

PROJECT NUMBER: 0-61M-10703-0 T52 

RPAC· POX 
Portland, Oregon 

AMEC EARTH & ENVIRONMENTAL, INC. 

7 477 SW Tech Center Drive 
Portland, Oregon 97223-8025 
Phone (503) 63S.3400 FAX (503) 620-7892 

Drilling Started: 12/SJOO Orillfng Completed: 1215/00 Logged By: S. Bourcy/L Janczak/S. Kohr.;JS, Kranz 1
oic:i1H

113
P wr,w 



PROJECT: RPAC - POX BORING No.: HA-04 PAGE 1 OF 1 

Elevation Reference: POX Datum 

Relative Ground Surface Elevation: 45.2 Feet R~lative Casing Elevation: NA 

0 

th 
.t) SOIL DES CRIPT\ON 

Silty, sandy gravel FILL (3/4-inch 
minus) with rootlets. 

• a. 
E 
•a "' -

• a. • 
E a. . ,.. 
"' >-

(ppm) 

Loose, damp, gray, coarse- to medium- Neg 

5 

10 

grained, poorly graded, dredge sand 
FILL. 

Odor noted at 5. 5 feet. 

Medium stiff, slightly damp, gray-brown, 
micaceous, non-plastic, slightly clayey 
SILT. Thin perched water horizon at 
SAND/SILT contact. 

Grading into medium stiff, slightly 
damp, oxidized reddish brown with 
gray mottling, clayey SILT. Strong 
odor noted. 

15~+-c~~~~~~~~~~~~~~~~~ 
Damp grading to wet at 15.75 feet, 

20 

25 

gray mottled, clayey, sandy SILT. 
Strong odor and visual evidence of 
NAPLs (sheen and blebs). 

Medium dense, saturated, gray, 
medium-grained, micaceous SAND. 
Strong odor but no visual evidence of 
NAPL. 

Medium- to fine-grained, homogeneous 
SAND. No visible evidence of NAPL. 

Total depth = 24.0 feet due to heaving 
conditions encountered. 

LEGEND 

T 2.Q--inch O.D. Geoprobe 
] soil core sample 

_.!'L with % recovered 

~ Encountered groundwater level 
WO while drilling 

Neg 

Neg 

Soil Analysis 
(8041, 8081, 8141A, 
8151A, 8290, B2608, 
8271l, 6010/7000/200.7, 
747017471, NWTPH-Dx, 
8082) 

Boring Method: Geoprobe 

Borehole Diameter (in.): 2.0 

AS-8UIL T DESIGN 

Benton ite Chips 
Cap 
Hole was 
backfilled with 
bentonite grout. 

"' w 

"' ,.. 
..J 
< z 
< 

RPAC 
SUITE 

RPAC 
SUITE 

PROJECT NUMBER: 0-61M-10703-0 T52 

RPAC • POX 
Portland, Oregon 

AMEC EARTH & ENVIRONMENTAL, INC. 

7477 SW Tech Center Drive 
Portland, Oregon 97223-8025 
Phone (503) 63S-3400 FN< (503) 620-7892 

Drilling Started: 12/14/00 Drilling Completed: 12!15/00 Logged By: S. Bour'cy/L. Janczak/F. Kumano \10703\HM.DRW 



PROJECT: RPAC-PDX COPY' BORING No.: HA-05 PAGE 1 OF 1 ~-------------
Elevation Reference: ?OX Datum Weil Completed: NA : Boring Memod: Geoprobe 

Relative Ground Surlace Elevation: 45.9 Feet Relative Casing Elevation: NA : Borehofe Diameter (in.): 2.0 

th: .l! 
"' t) SOIi. OESCRIPTION ::i -,>: 

0 3.0-inch layer of asphalt, 1.0-inch layer 
:, ... 

of gravel FILL, 1.0-inch layer of asphalt. 
and gravel Fl LL to 1. 0 foot. 
Grab sample at 1.0 foot. (Cross wind of Neg 

ng exnaust; ppm = 6.0). 
Mixed FILL (gravel, brick, slag. 
organic soil, and foundry sands). 

5 

· sirghtiv sH«, ·brown: clayey ·silt······· -· · 
grading to moderately stiff, slightly Neg 
damp, mottled gray and brown, 
m1caceous, clayey SILT with trace Neg 
fine-grained sand. 

10 Total depth= 9.0 feet. 

"l 
! 

J 
20 

25 

' ' . • i a. ii. 
E E o. 
•o . ,. 
"' - "' ,.. 

h-O~.J-01 

H--05· 1.0~ 

H--05.J-0 

H--05-5-0 

rt-05--7-0, 

• 
11 at r 'tf = £ C "'-
- 'O. ::IQ 
!! • 0 -C -& , ,_ ti, 
:,,o;,c,;: 

(ppm) 

t 
f 

a.a 
0.0 
6.0 

0.0 

0.0 

0.0 

AS-BUILT DESIGN 

ap 

Hole was 
backfilled with 
bentonite grout 

,RPAC 
SUITE 

-

. 

-

30-L....----------------'--"----...J..--'---.L...-c-"---::::----::c:---:--:-,:-:--c-:c:=-::--::-::'::::-----i 
PROJECT NUMBER: 0-61M-10703-0 T52 LEGEND 

2.Q.4nch 0.0. Geoprct,e 
sod c::Clre pmple 
with% recovered 

RPAC 
SUITE 

Soil Anaty!'iiis. 
(8041, 8081, 11141A, 
8151A, 8290, 6260B, 
8270, 6010/7000/200.1, 
7470/7471, NWTPH-0><. 
S082) 

RPAC-PDX 
Portland, Oregon 

AMEC EARTH & ENV1RONMENT A!..., INC. 

I 1477 SW T e:h c.nter Dti,;e 

I 
Po<1iat1d, Oregoo 97223-6025 

'Ptione (503) 639-3400 FAX {503) 621).7892 

'°o~ri1=n-ng_s_ta_rt_e_d:-121=6/~oo--------~o-,=111=,n-g=c=o-m-p-,e-,-eo-,-1=21-6/_0_0 _____ ,:.L<>_g_g_ed_By~: s. KOil-rs \10iOJ,HA:S.ORW 

' \ f\ A C. 



PROJECT: RPAC - POX BORING No.: HA-06 PAGE 1 OF 1 

Elevation Reference: POX Datum _- NA 

Relative Ground Surface Elevation: 44.3 Feet Relative Casing Elevation: NA 

Boring Method: Geoprobe 

Borehole Diameter (in.): 2.0 "' w 

th 
t) 

0 

5 

10 

15 

20 

25 

SOIL DESCRIPTION 

Medium stiff, slightly damp, medium 
brown, silty Fill with gravel and 
rootlets:-··-·········-···· --········ · ··-···· 

Medium stiff, slightly damp, medium 
brown, slightly plastic, micaceous, 
clayey Sil T. 

Poor recovery. 

Groundwater encountered at 7.0 feet. 

Total depth = 9. O feet. 

LEGEND 

2.0-inch O.D. Geoprobo 
soil core sample 
with% recovered 

_y Encountered groundwater level 
WD while drilling 

j 

:E 
m 

• .!! . "' 
"' - C Q. 

:::; - a.. :;: ~ 
E E a. .!! m > : m CJ m ~ 0 • 

:, >- "' - "' >- > a: 
H-06-0-01 (ppm) 

H-0&-1-0 0.0 
0.0 

H-06-3-0 0.0 

H-06-5-0 0.0 

Soil Analysis 
(8041, 8081, 8141A, 
8151A, 8290, 82609, 
8270, 601017000/200.7, 
7470f7471, NWTPH-Dx, 
8082) 

-

" C ~ , . 
0 -~ m 
(!) 3: 

..Y. 
WD 

AS-BUILT DESIGN 

hips 

Hole was 
backfilled with 
bentonite grout. 

"' ~ .. 
z .. 

RPAc1· 
UITI~_ 

RPAC 
SUITE 

PAC 
SUITE 

PROJECT NUMBER: 0-61 M-10703-0 T52 

RPAC-PDX 
Portland, Oregon 

AMEC EARTH & ENVIRONMENTAL, INC. 

7477 SW Tech Center Drive 
Portland, Oregon 97223-<!025 
Phone (50~) 63S-3400 FAX (503) 620-7892 

Drilling Started: 12/5/00 Drilling Completed: 12/5/00 Logged By: s. sourcy/L. Janc.zak/5. KohrsJS. Kranz',10703\HA6.0RW 



PROJECT: RPAC - POX BORING No.: HA-07 PAGE 1 OF 1 

Elevation Reference: PDX Datum _- Well Completed: NA 

Relative Ground Surface Elevation: 44.6 Feet Relative Casing Elevation: NA 

o 

5 

10 

,, 

20 

25 

SOIL DESCRIPTION 

Medium dense, silt, sand, and gravel 
FILL. 

Medium dense, damp, gray, medium
to fine-grained, slightly silty SAND. 

Grading into silty SAND with trace clay 
at 5. O feet. Odor detected at 5. O feet. 

Medium stiff, damp to wet, mottled 
olive- gray, organic, clayey SILT with 
fine- grained sand and occasional fine, 
subrounded gravel (<1/4-inch). Strong 
odor. Thin perched water horizon. 
Free water inside liner at 12.0 feet. 
Sheen, odor. and NAPL blebs noted. 
Medium stiff, damp, reddish brown, 
oxidized, slightly plastic, clayey SILT 
with trace fine-grained sand at 11.0 
feet. Strong odor. 
Grading into medium stiff, damp, 
reddish brown, fine, sandy SILT with 
trace clay and organics at 13.0 feet. 

Loose, saturated, gray, fine-grained, 
pooriy graded, silty SAND. Sample 
liner split due to heave pressure. 
Strong odor. 

Total depth= 20.0 feet. Refusal due 
to heave. 

"' :; -
> ~ ::, .... 

• ci 
E 
• C "' -

Neg H-07-5..l 

• . "' .., 
- e e " ;:. =a , . 
~ . o-
0 • " . 
> a: "' :;: 

(ppm) 

a.a 

5.8 

8.1 

79 

86 

_y_ 
WO 

951 

Boring Method: Geoprobe 

Borehole Diameter (in.): 2.0 

AS-BUILT DESIGN 

Bentonite Chips 
Cap 

Hole was 
backfilled with 
bentonite grout. 

"' w 
"' > 
..J 
< z 
< 

IRPACl 
1lfilfilJ 

RPAC 
SUITE 

30~.L..~~~~~~~~~~~~~~~__J~~_L_~__JL..~...l..~~L..~.L..~~~~~~~~~~~--'~~---< 
PROJECT NUMBER: 0-61M-10703-0 T52 LEGEND 

2.0-inch 0.0. Geoprobe 
soil core sample 
'Mth % recovered 

Y._ Encountered groundwater level 
WO while drilling 

Soil Analysis 
(8041, 8081, 8141A, 
8151A, 8290, 82608, 
8270, 6010/7000/200.7, 
747017471, NWTPH-Dx, 
8082) 

Drilling Started: 12/18/00 Drilling Completed: 12/18/00 

RPAC-PDX 
Portland, Oregon 

AMEC EARTH & ENVIRONMENT AL, INC. 

7 477 SW T e:h Center Dri1i1e 
Portland, Oregon 97223-,'3025 
Phone (503) 639-3400 FAX (503) 620-7892 

Logged By: S. Bourcy \10703\HA7.LJAW 



,:.P_:.R.:.:O::::J'..:E::::C:_:T_:.:--"Rc!!P:..!A~C~-!:..PD=X ___ ..;!111!!:....::,,.a:::.....,,f,_::tj __ ~_),.,':,_":". ___ __:B:.O:::.R:..:.l::..N:.:GccNc,:.:;o.: HA:..:-0:.:8:__ ____ ..;P..:A..:.:G::-E:;:..:.1 .:::O::..F...=,2 

Eievation Re1ernnce: POX Datum ~- Well Completed: NA 

Relative Ground Surface Elevation: 48,2 Fftt Relative Casing Elevation: NA 
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10 

20 

25 

;h 

,tt)' 

"i 

SOIL DESCRIPTION 

3.Q..inch layer of asphalt 2.0-lnch layer 
of base course gravel FILL, and 
10.0-incM layer of concrete. Base 
course gravel FILL to 2.5 feet. 
Medium stiff, damp, mottled gray-
brown, slightly plastic, dayey silt FILL 
Odor and stainjn..,,,_-"n,,o,,te,,d"-. -------l 

Grading into sandy SILT at 5.5 feet. 
Strong solvent-like odor. 

Loose, slightly damp, tan-brown, fine
grained, poorly graded, micacecus, silty 
SAND with thin lnterbedded slighty 
sandy silt layers. Strong solvent-like 
odor. 

e 1um st1 , amp, an- rown, 
micacecus, clayey SILT with fine-
91;-ra:::i:,.:n:::.ed-;..::sa.::;nd=.a:::l:...1:.::6::. 5-::..,:.1.:_7·:.::5:,.:f.::;ee:::l:.:_. --~/ 
Groundwater encountered at 
18.75-19.0 feet. 
Honey brown NAPL blebs noted at 
20.0-20.5 feet. 
Switched to dual tube to prevent 
carrying NAPL down. 
Loose, wet to saturated, tan-brown. 
fin9-igrained, poorly graded, 
micaceous SAND with trace silt. 
Honey brown to dark brown NAPL 
blebs visible at 21.0..25.0 feet. Very 
strong sheen to water. 
Grading into saturated, gray, line- to 
medium-grained SAND at 24.5 feet. 

"1 Sand heave (ie: vertical delineation 
j terminated). Sample liner split open 
· due to heave pressure. 

LEGEND 

, 2.0-inch 0.0. Geoprot>e 
~ soil core sample 
~ With % recovered 

~ Encountered groundwater level 
WO wt11kJ drlJUng 

Pas 

Neg 

Soil Aw,!ysis 
(8041, 8081, 8141A, 
8151A, 8290, 82608, 
8270, S010fl000l200.7, 
7410!1471, NWTPH-OX, 
8082) 

Drilling Started; 12/13100 Drilling Completed: 12113/00 

Boring Method: GeQprobe 

Borehole Oiarneter (In.): 2.0 

AS-BUILT DESIGN 

Concrele Cap 

Hole was 
backfilled with 
bentonite grout. 

U) 
w 
~ 
..J .. 
z .. 

RPA 
SUITE 

RPA 
SUITE 

PROJECT NUMBER: 0-61M-10703-0 T52 

RPAC·PDX 
Portland, Oregon 

AMEC EARTH & ENVIRONMENTAL, INC. 

7477 SW Tech Corner Drive 
Portland, Oregoo 9722:l-&l25 
Ph0t10 (503) 639-3400 FA)(. (503) 620.7892 

Logged: By: S. SourC'JIL. Janc:tak/F, Kurn.ana i107o:31HA.S.ORW 

\ \ ~ 11'.. 0/ 



PROJECT· RPAC • POX 

Elevation Reference: POX Datum 

Relative Ground Surlace Elevation: 48.2 Feet 

lh 
•t) SOIL DESCRIPTION 

BORING No.: HA-08 

Well Completed: NA 

Re&ative Casing Elevation: NA 

• .i: m m .!?"'C 
~ a. c.lD ~1:i c ... 
-1; E Ee. .!!!res~~ 

Boring Method: Geoprobe 

Borehole Diameter (in.): 2.0 

AS-BUil T DESIGN 

PAGE 2 OF 2 

"' w 
"' >-

>m tac 111>, om ._<G 

30 ~1-:,,-~-:=~-...,.~~-.,.,~~~.,..---,~~~~~+-=~:....::>-=-i....a"':....=-'-1--'"';.;>-;.,.,..,::>:...:«:,-1-~""-'3::..+~~ 
Grey, fine- to metHum-grained, (ppm) 

-' < z 
< 

- homogeneous, micaceous SAND. 
visible evidence of NAPL. 

Total depth= 32.0 feet. -
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., Hole was 

' backfilled with .. 
bentonite grout. 
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PROJECT NUMBER: 0-61M-10703-0 T52 

RPAC-PDX 

LEGEND 

2.0-inch 0.0. Geoprobe 
soil core sample 
W'ith % recovered 

v EncountRred groundwater level 
WD while drilling 

Soil Analysis 
(8041, 8081, 8141A, 
8151A, 8290, 82608, 
8270, 6010l7000/200.7, 
7470f7471, NWT?H-Dx, 
8082} 

Portland, Oregon 

AMEC EARTH & ENVIRONMENTAL, INC. 

7 477 SW T e:h Center Drive 
Portland, Oregon 97223-8025 
Phone (503) 639-3400 FAX (503) 620-7892 

Dnlhng Started: 12113/00 Dnlling Completed; 12113100 Logged Sy: S. Bourcy/L. Janczak/F. Kumano 



PROJECT: RPAC • POX COPY BORING No.: HA.09 PAGE 1 OF 1 

EI0>1ation Reference: POX Datum Well Completed: NA 

Relative Ground surla:cs Elevation: S:0.9 Feet Relati11e Casing EJ.evatton: NA 

0 

5 

th. 
lt} ' SOIL OESCRIPTlON 

Loose, damp, brown, fine- to medium
grained sand FILL with gravel. 

loose, damp, brown, fine-grained 
SANO. 

Wet at 5.5 feet (perched water). 
+----~--------~-+Neg Medium dense, slightly damp, mottled 
-i gray with iron-oxide stringers, fine, 

sandy, clayey Sil T. 
...; 

1 o _J loose-, wet to saturated, brown, line- to 
medium-grained, micaceous SANO with 
trace silt. 

Total depth= 12.0 feet. 

20 

25 

" C. 
E 
"0 "' -

~ a.a 
8.0 

1.0 

+-~40.0 

16 

a.a 

" 

Boring Method; Geoprobe 

Borahote Oiameter (in.); 2.0 

§ ; . AS-BUil T DESIGN 
E. ai 
<!l ;i: 

hips 

Hole was 
backfilled with 
bentonite grout. 

RPAC 
SUITE 

lO -1---------LE_G_E_N_D ___ L_ ___ _i_ _ _;_ _ _; PROJECT NUMBER: 0-61M-1070:!-0 T52 

T 
1 

2.0.-tnch 0.0. Geoprobe 
$OH core sample 
with % reco'lered 

:!fl_ Encountered groundwater leYel 
WO While drilling 

:RPAC : Soll Analysis 
'SUITE: (8041, 8081, 8141A, 
E.':'.'.'..':J 81 51 A, 82!!0, 82606. 

8270, 6010170001200.7, 
747tJ/7471, NWTPH-Ox, 
80ll2) 

RPAC· POX 
Portland, Oregon 

I
AMEC EARTH & ENVlRONMENTAL., INC. 

7 477 SW T e=n Ca1ter Olive 
: Portland. Oregon 97'223-e025 

'===="""==cc-------=====-:-==c;-- /hcne (503) 639-3400 FAA (503) 620-7692 
Drilling Started: 12111;00 DrilHng Completed: 12111/00 Logged By; S, Bourcylt.. Janczak1S. KohfS ',1o10::ru-,1,9. vv 



PROJECT: RPAC - POX COPY 
Elevation Reference: POX Oatum Well Completed: AA 

Relative Ground Surface Elevation: 50.9 Feet Relative Casing Elevation: NA. 

;; 
th • "' C. 

,t) SOIL DESCRIPTION :i -
> : E 

•a :, ... "' -

BORING No.: HA-10 

• 
.5! ~ 
.::;: i:i 
.!! • 
0 • 
> 0: 

"C 
~ -~ . 
o--. " ;: 

Boring Method: -Geoprobe 

Borehole Diameter {in.): 2.0 

AS-BUILT DESIGN 

PAGE 1 OF 1 

"' "' "' >_, 

" z 
" 0 

Medium stiff, slightly damp, variegated, & (ppm) Bentonite hips 
Cap 

5 

10 

20 

25 

reddish brown, micaceous, non-plastic, 
clayey SILT with trace fine-grained 
sand. 

Grading into tan-brown, sandy SILT at 
4.5 feet. 

Grading into silty SAND at 7.75-9.0 
feet. 
Medium stiff, slightly damp, medium 
brown, fine, sandy SILT. 

Damp to wet, fine-grained. poorly 
graded, slightly silty, micaceous SAND. 

Total depth= 12.0 feet. 

-10-2--01 

Neg 

-IQ.9.-01 

0.0 

3.3 

a.a 

0.0 

0.9 

Hole was 
backfilled with 
bentonite grout. 

RPAC 
SUITE 

RPAC 
SUITE 

JO~_L_~~~~~~~~~~~~~~~___J~~_L_~--'~~_J_~__L~~_L_-:-,:,-.,..,,-:c-:::::::::::-----c--::-:--::-:----c-::::::-=-::-::--::::::-::--~--i 
PROJECT NUMBER: 0-61M-10703-0 T52 LEGEND 

1,f .. / 2.0-inch 0.0. Geoprobe 
r/ soil core sample 

with % recovered 

y Encountered groundwater 18"1el 
WO while drilling 

Soil Analysis 
(8041, B081, 8141A, 
8151A, 8290, 8260B, 
8270, 6010/7000/200.7, 
747017471, NWTPH-Ox, 
8082) 

Drtltlr1g Started: 12111/0(J - Drilling Completed: 12/11/00 

RPAC-PDX 
Portland, Oregon 

AMEC EARTH & ENVIRONMENTAL, INC. 

7 4n SW Tech Center Drive 

I 

Portland, Oregon 97223.,'!025 
~here (503) 639-3400 FAA (503) 62D-7892 

110i0JIHA10 DRW Logged ey: S. Bourcy/L. Janczak/S. Kohrs 

, \ I\ I r-... 



PROJECT: RPAC • POX 

Elevation Reference: POX Oatum 

Relative Ground Surface Elevation: 46.6 Feet 

,th 

•ti SOIL DESCRIPTION 

OPY 
Well Completed: NA 

Relative Casing EleYation: NA 

:;; m ~ 

!=' ci ci ~ 
..J -
> • E E a. 

• • Cl . ~ 
:, ... ., - ., ... 

BORING No.: HA-11 

·1 m "' " : EI C ~ ... 1' :::J CD 
~ ffl O -
0 Ill .._ '° 
> a: "'~ 

Boring Method: -Geoprobe 

Borehole Diameter (in.): 2.0 

AS-BUil T DESIGN 

PAGE 1 OF 1 

"' w 
"' > 
..J 
< 
2 
< 

0 
3.0-inch layer of asphalt undeliain by 
base course gravel FILL (3/4-inch 

(ppm) Concrete Cap 
RPAC 
SUITE 

5 

10 

. ' 

20 

25 

,minus). / 
rvled1um stiff, shghtly damp, mottled 
brown, micaceous, clayey silt FILL 
with fine-grained sand (approximately / 

~~!~;-;9 irif6 ·mec:Jii.im sifft; ·sn91if1y clamp, 
brown, fine-grained, poorly graded, 
micaceous, silty SAND to clayey SILT at 
3.0 feet. 
Grading into loose to medium dense, 
damp, tan-brown, fine-grained, poorly 
graded, micaceous, silty SAND to sandy 
SILT (50%/50%) at 5.0 feel. 
Thin, interbedded medium stiff, brown, 
slightly plastic, micaceous, clayey SILT 

ith trace sand at 6.5-7.5 feet. 

Total depth: 9.0 feet. 

Neg 
H-1 ~-.5-0 

I y 

j 2.0~inch 0.0. Geoprobe 
soil core sample 
with % recovered 

IRPAC I Soil Analysis 
I~:.'.:.': I (8041, 8081, 8141A, 
~ 8151A, 8290, 82606, 

8270, 601017000/200.7, 
7470(7471, NWTPH-Ox, 
8082) 

a.a 

a.a 

a.a 

a.a 

RPAC-PDX 
Portland, Oregon 

Hole was 
backfilled with 
bentonite grout. 

RPAC 
SUITE 

AMEC EARTH & ENVIRONMENTAL, INC. 

74n SW Tech Center Drive 
Portland, Oregoo 97223-8025 
Phare (503) 63S-341l0 FAX (503) 620-7892 

Drilling Started: 12/6/00 Drilling ompleted: 12/6/00 egged By: . Sourc:y/L. Jana:ak/S. KonrsJ . KranzJH. Nelson 
\107CJ\/',A 11,CRW 

' " 
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PROJECT: RPAC. POX Co.,p··~jf" 
. la 

BORING No.: HA-12 PAGE 1 OF 1 

Elevation Reference: POX DatLJm Well Completed: NA 

Relative Ground Surface Elevation: 45.7 Feet Relative Casing Elevation: NA 

0 

5 

10 

•• 

20 

25 

h 
,t) SOIL DESCRIPTION 

3. ~inch layer of asphalt pavement 
underlain by 6.0-inch layer of base 
course gravel FILL (3/4-inch minus). 
Sample consists of compacted gravel, 

nd, and silt (mixed FILL). 

Grading into medium stiff, slightly 
damp, gray, slightly plastic, clayey SILT. 
Low recovery. 
Wood debris to approximately 4.2 feet. 
Medium stiff, slightly damp, mottled 
gray-brown, clayey, micaceous SILT 
with fine-grained sand. 

Total depth = 9.0 feet. 

" "' ::i ->: 
::, ... 

Neg 

T 

• a. 
E 
•c "' -

H·12-0.5-01 

H-12·3-01 

H-12-5-0 

• a. • 
E a. 
~ ~ "' ... 

(ppm) 
a.a 
a.a 

a.a 

a.a 

Boring Method: --Geoprobe 

Borehole Diameter (in.): 2.0 

AS-BUILT DESIGN 

Concrete Cap 

Hole was 
backfilled with 
bentonite grout. 

"' w 
"' ,.. 
..J 
<( 
z 
<( 

RPAC 
UITE 

RPACI 
SUITE 

RPAC 
SUITE 

JO~.!.....~~~~~~~~~~~~~~~__JL_~~~~L_~....l.~~~~~:-:,:-,,,:-:=-==c==---:=-=-:--:-:,...,..,::::,:--c:-=-::::-~--1 
PROJECT NUMBER: 0-61 M-10703-0 T52 

LEGEND 

T 2.0•inch 0.0. Geoprobe j soil core sample 
~ with % recovered 

RPAC 
SUITE 

Soil Analysis 
(8041, 8081, 8141A, 
8151A, 8290, 82609, 
82711, 601017000/200.7, 
7470/7471, NWTPH-Ox, 
8082) 

RPAC • POX 
Portland, Oregon 

AMEC EARTH & ENVIRONMENT AL, INC. 

74n SW Tech Center Drive 
Portland, Oregon 97223-8025 
Phare (503) 639--:l400 FAX (503) 620-7892 

Drilling Started: 12/6/00 Drilling Completed: 12/6100 Logged By: S. Bourcy/L. JanczakJS. Kohrs/5. Kranz/H. Nelson 
\1070:J\HAT:!.DRW 

\ I ~ ! r'J 



COPY,¥ 
PROJECT: RPAC - PDX BORING No.: HA-13 PAGE 1 OF 1 

Elevation Reference: POX Datum Well Completed: NA 

Relative Ground Surface Elevation: 48.2 Feet Relative Casing Elevation: NA 

,th 
.dl} 

0 

5 

10 

20 

25 

SOIL DESCRIPTION 

Sill. sand, and gravel FILL (3/4-inch 
minus). 

Medium stiff, slightly damp, mottled 
gray-brawn with iron-oxide, clayey silt 
FILL with fine-grained sand and trace 

,gravel. Odor detected from 3.0 feet. /-
Medium stiff, slightly damp, brown, fine, 
sandy SILT grading into slighty silty 
SAND at 5.5 feet. 

Gray-brown, clayey SILT at 9.0-9.5 feet. 
Loose, damp, gray, fine-grained, poorly 
graded, micaceous, silty SAND to sandy 

,SILT at 9.5-11.0 feet. 

Medium stiff, damp, gray-brown, 
/ 

slightly plastic, clayey SILT with trace 
fine-grained sand. Strong odor, 
Thin, damp, gray, sandy SILT lense at 
13.5-14.5 feet. 
Medium stiff, damp, mottled gray-brown, 
micaceous, clayey, sandy SILT. Strong 
odor, 
Grades to wet at 16.0 feet. 

Medium stiff, wet to saturated, gray, 
fine, sandy SILT. Strong odor. Free 
water. 
Sheen to water surface. No visible 
evidence of NAPL. 

Medium stiff, wet to saturated, gray, 
fine, micaceous, sandy SILT. 

Total depth = 24.0 feet. 

LEGEND 

1 2.0-lnch 0.0. Geoprobe 
;;;:: soil co~ sample _f witn % recovered 

_y Encountered groundwater level 
WO while dnlling 

• l: • • ~r p a. .... - E 
a.. 
E a. -" ~ . 

> : •o . ~ 0 • 
:, .... " - "' .... >"' 

(ppm) 

2.0 

15 

7.2 

57 

141 

-1J-1.4.0 23 

22 

454 

eg 9.8 

35 

Soil Analysis 
(B041, B081, 8141A, 
8151A, 8290, 82609, 
8770, 6010/1000/200.7, 
7470/7471, MWTPH-Ox, 
8082) 

Boring Method: -Geoprobe I 

Borehole Diameter (in.): 2.a " UJ 

"' 
" >-
C' AS-BUil T DESIGN .... 
~ . <( 

0 - z ' . <( 
0 ;!: 

Bentonite Chips 
Cap 

Hole was 
backfilled with 
bentonite grout. 

RPAC 
SUITE 

RPAC 
SUITE 

.Y. 
WO 

PROJECT NUMBER: 0-61 M-10703-0 T52 

RPAC- POX 
Portland, Oregon 

AMEC EARTH & ENVIRONMENTAL, INC. 

7477 SW Tech Center Drive 
Portland, Oregon 97223-8025 
Phare (503) 639-34()0 FAX (503) 620-7892 

Drilling Started: 1211SIOO Drilling Completed.: 12/1S/OO Logged By: S. Saurey 11 70JIHA1:l.ORW 



PROJECT: RPAC - POX BORING No.: HA-14 PAGE 1 OF 1 

Elevation Reference: POX Datum Well Completed: NA 

Relacive Ground Surface Elevation: 48.J Feet Relative Casing Elevation: NA 

0 

5 

10 

20 

25 

otn' 
et) SOIL DESCRIPTION 

Black gravel FILL Sweet odor. 

· u9iii brawn ia gray;· silty sliNo with· 
clay. Slight odor. 

Damp. light brown, silty SAND with 
clay. Sweet odor. 

Liglit-6,own.c1a.,;e;;sii.'( - --
·wet: n9fa ti,own iii mi:ittie<i: m,i:aceous: 

silty SAND with some clay. Strong 
odor. 

Damp, light brown, micaceous, silty 
SAND with same clay_ Strong odor. 

Total depth= 12.0 feet. 

NOTE: No evidence of NAPL bu1 
. strong sweet odor. 

= m m 
.!l' ii ii m 
...J - E 

I > :g E c. 
•c • ,. ::, >- " - " >-

•t"'-2.5--01 

• 
" !! C 

; =a 
!! • 
0 m 
;, "' 

(ppm) 

537 

836 

173 

42 
327 

0 
C 
~:. I 
0 -~ . 

C 3: 

Baring Method:-Geoprobe 

Borenole Diameter (in.): 2.0 

AS-BUILT DESIGN 

Bentonite Chips 
Cap 

Hole was 
backfilled with 
bentonite grout 

<I) 
w 
"' :>-
...J 

"' z 
"' 

RPAC 
SUITE 

RPACI 
ISUITEI 

JO~"--~~~~~~~~~~~~~~~__J~~_L_~__J~~_L~--1~~.L,,~~~~~~,.-,,.,.,..,.~~~-c±c=-~-i 
PROJECT NUMBER: 0-61M-10703-0 T52 

LEGEND 

T,j 2J)~inch O.C. Geoprobe 
soil core sample 
w\th a,4 recovered 

Drilling Started; 12115100 

Soil Anatysis 
11!041, 8081, 8141A, 
8151A, 8290, 8260B, 
8270, 6010(70001200.7, 
7 470(7 471, NWTPH-Dx:. 
8082) 

Drilling Completed: 12/1SJOO 

RPAC-POX 
Portland, Oregon 

AMEC EARTH & ENVIRONMENTAL, INC. 

7 4 77 SW Tech Center Dn.,., 
P0<11arid. Oregon 97223-,9025 
Phone (503) 639-3400 FAX (503) 620-7892 

Logged By: S. Baurcy/L. Janczak \10703\HA 14.0RW 

1 .1 f, _ 1, r 



PROJECT: RPAC - POX BORING No.: HA-15 PAGE1 OF 1 

Elevation Reference: PDX Datum Well Completed: NA 

Relative Ground Surface Elevation: 47.S Feet R~lative Casing Elevation: NA 

,ch 
.,et) 

0 

s 

j 

. ' 

20 

25 

SOIL DESCRIPTION 

3.5-inch layer of asphalt, mixed silt, 
sand, and gravel FILL. 

Medium stiff, slightly damp, brown, 
slightly plastic, clayey SILT with trace 
fine-grained sand. 

Loose, slightly damp, tan-brown, fine-
grained, peony graded, silty SAND. 

Medium dense, damp, tan-brown, 
slightly plastic, clayey, sandy SILT. No 
evidence of NAPL. 

Total depth = 12.5 feet. 

NOTE: No evidence of NAPL. 

.c • • C> C. C.. 
:::i -
>: E E c. 

•c . ,. 
::, ,_ "' - "' >-

H-1:l-2·01 

Pos 

~ . "' - C = =c l! • 
0 • 
> 0: 

(ppm) 

6.3 

0.0 

0.0 

7.7 

0.0 

" C • , . 
0 --. " ;:: 

Boring Method:-Geoprobe 

Borehole Diameter (in.): 2.0 

AS-BUILT DESIGN 

Bentonite Chips 
Cap 

Hole was 
backfilled with 
bentonite grout. 

"' w 

"' >: 
;;;; 
z 
< 

JO~L_~~~~~~~~-LE_G_E_N_D~~~..l....~...L.~---'~~.J__~..J....P~R~()J,-L,,E~C=T~N=u~l\ll~B~ER:~-~0~-6~1~1111~-1~0=7=03~_~o=T'"'52~--, 

2.0~inch O.D. Geoprobe 
soil core sample 
W'lth Of. recovered 

Drilling Started: 12/11/00 

RPAC 
SUITE 

Soil Analysis 
JH041, 8081, 8141A, 
8151A, 8290, 82608, 
8270, 6010/70001200.7, 
7470/7471, NWTPH~Dx, 
8082) 

Drilling Completed: 12/11/00 

RPAC-POX 
Portland, Oregon 

AMEC EARTH & ENV!RONIIIIENT AL, INC. 

7477 SW Tech Center Drive 
Portland, Oregon 9722:l-<1025 
Phore (503) 63S-3400 FAX (503) 620-7892 

Logged By: S. Bourcy/L. Janc::z:ak/S. Kohrs 110;a:1,HA15.0RW 

1\/1.\(r, 



PROJECT: RPAC - POX 
COPY BORING No.: HA-16 PAGE1 OF 1 

Elevation Reference: POX Datum Well Completed: NA 

Relative Ground Surface Elevation: 47.9 Feet Relative Casing Elevation: NA 

,th 
,t) 

0 

5 

10 

20 

25 

SOIL DESCRIPTION 

Gravel Fill. 

Brown to gray, clayey !LT. Slight 
black covering on outside of sample. 

Brown to gray, clayey SILT. 

Light brown to green, micaceous, clayey 
SILT with some sand. Some 

:E & 

"' 0. :; - E >: :g :, I-

-16-2.5-01 

Neg 

discoloration. Neg ., .... s.o, 

Brown, micaceous, silty SAND with 
some clay grading to clayey SILT. 

Total depth= 12.0 feet. 

NOTE: No evidence of NAPL. 

& 

0. & 
E c. 
• >, 
., I-

~ 

~ g, " ~ -:::. ~ ~ & 
.!! • Q -
Q & -. > a: c., ;: 

(ppm) 

2.3 

5.6 

Boring Method:---Geaprobe 

Borehole Diameter {in.): 2.0 

AS-BUil T DESIGN 

f0;~--tlentonite hips 
Cap 

Hole was 
backfilled with 
bentonite grout. 

"' w 
"' >.., 
"" z 
"" 

RPACII 
SUITE 

RPAC 
SUITE 

3o.......JL... ________ LE~G~E~N~D---.L..-L... _ _j__ _ __L _ __L~PR=-ClJ~E:-,CT"""'N"'U~M~B""E"'R"":""""""o--=s"'1M~--.1""'07""0"'3-"0"'T""5"'"2---I 

2.0-lnch O.D. Geoprobe 
soil core sample 
with % recovered 

Drilling Started: 12/15/00 

Soil Analysis 
(8041, 8081, 8141A, 
8151A, 8290, 82608, 
8770, 6010/7000/200.7, 
7470(7471, NWT?H-Dx, 
8082) 

Drilling Completed: 12/15100 

RPAC-PDX 
Portland, Oregon 

AMEC EARTH & ENVIRONMENTAL, INC. 

7477 SW Tech Caller Drive 
Portland. Oregon 97223-8025 
Phare (503) 639-3400 FAX (503) 620-7892 

Logged By: S. Bourcy/L Janczak I AH:i. W 

t;\A.1rn 



PROJECT: RPAC • POX BORING No.: HA-17 PAGE 1 OF 1 

Elevation Reference: ?OX Oatum Well Completed: NA 

R.ek!tive Ground Surface Elevation: 47.0 Feet Ralative Casing Ei&vatlon: NA 

,t,: " • 
.t) • SOIL DESCRIPTION 

C. 
E 
•c "' -

ii CJ i 
E a. i 

0 

5 

10~ 

··-· 

20 

.. >, ' 
,.,, fw'" i 

6.0-inch layer of concrete underlain by 
gravel FILL (3/4-inch minus). Perched 

·.y.ater in FILL below concrete. / 
Medium stiff, damp. mottled gray-

w (ppm) 

0.0 

brown to olive-brown. slightly plastic, 
micaceous, clayey silt FILL with trace 
fine-grained sand and occasional 
small, rounded gravels and organics. 9.4 

Mixed mottled, clayey silt FILL with 
organics and fine gravel. 

Total depth" 12.0 feet. 

LEGEND 

2.0-inch o.o. GeQprobe 
$>II core sample 
'Mth % recovered 

'RPAC Soil Analyols 
'SUITE (8041, 8081, 8141A, 
' 8151A, 8290, 8260B, 

8270, 601Ql7000/200.7, 
7470/7471. NWTPH,.Ox, 
8002) 

21 

r Boring Method:-Geoprobe 

i Borehole Diameter (in.): 2.0 

AS-BUILT DESIGN 

ips 

.. Hole was 
backfilled with 
bentonite grout. 

! 

., 
w 
"' ,. 
.J 

"' z 
"' 

PACI 
SUlffi 

PROJE 0-61M-10703-0 T52 

RPAC· POX 
Portland, Oregon 

AMEC EARTH & ENVIRONMENT AL, INC. 

7 477 SW Tech Center Drive 
: Portland, Oreg011 97223-8025 
jPh<Jne(503) 63S-34CO FAX (503) 620-7892 

Drilling Started: 12111/00 Drilling Completed: 12111100 Logged By: S. Elourcy 110703\HA H QRW 

1\A 1-1 



PROJECT: RPAC-POX COPY BORING No.: HA-18 PAGE 1 OF 1 

Well Com"leted: NA 

Relative Casint;:i Elevatioo: NA I
, Elevation Reterence: POX Datum 

Refatlve Grcund Surface EJev.irlon: 46.9 Feet 

' :c ~ 

1th, "' "' "' ;!' 1~ - ci ci .. = -= 
SOI~ DESCfllPTION - "' ell "' :: E E a. .!! "' 

~ 0 . ,., 0 .. 

0 
::, I- en - "' I- ' "' a:: 

4.0-inch !ayer of corcrete underlain by " : (ppm) 

·base course gravel FILL. / 11 

Medium stiff, sligr,tly damp, mottled 
brown, slightly plastic, clayey SILT 

H·HFl..01 173 
with trace fin~rained sand. 

87 
5 

Neg 
433 

_ Medium stiff, damp, dark gray, me-
: grained, micaceous, sandy SILT. Soil 

- staining. H~1S.9-01 143 ,o, 33 

Silly SAND lense at 11.0-11.5 feet 
Grading to slightly wet, slightly silly t 

-, AND at base of sample. 

-i Total depth= 12.5 feet. 

·~~ 

20 

25 

i 

.,, 
= ~ 
~ l! 
0 "' 
~ 3: 

Boring Method:-Geoprobe 

Borehole Oiarneter {in.): 2.0 

AS-BUil T DESIGN 

Hole was 
backfilled with 
bentoni!e grout. 

"' w ., 
> 
..J 
< z .. 

I PAC I 
':SUITE[ 

30 _J _________ L-EG_E_N_o---~-....... -~_L PROlECT NUMBER: O:s1M-1010:i:::ot~s~2---' 

2.0.-inch 0.0. Geoprobe 
soil core sample 
with 'Yo recovered 

OriUing Started; 12/11/00 

SoU Analysis 
(8041, 8081, 8141A, 
8151A, 8290, 82508, 
8270, 6010{7000/200.7, 
7471]/7471, NWTPH-Ox, 
8082) 

RPAC-PDX 
Portland, Oregon 

AMEC EARTH & ENVIRONMENT AL, INC. 

7 4n sw T sch Corter Drive 
, Porttand. Oregon 9722J..8025 

----------··········: Phone (503) 539-3400 F/>X (503) 620-71l92 
Drilling Completed: 12111/00 Logged By: S. B0urc;1/L. Janczak/S. Kranz \10703\H.>\18.DRW 



PROJECT: RPAC-PDX COPY BORING No.: HA--19 PAGE 1 OF 1 

Elevation Reference: POX Datum Well Completed: NA 

Relative Ground Surface Elevation: 46.5 Feet Relative Casing Elevation: NA 

o 

5 

10 

20 

25 

th 
;t) SOIL DESCRIPTION 

3.0-inch layer of asphalt underlain by 
base course gravel FILL. 

Medium stiff, slighty damp, mottled 
brown to gray-brown (at 3.0 feet), 
slightly plastic, clayey SILT with trace 
fine-grained sand. No evidence of 
NAPL. 

Clayey SI LT with trace fine-grained 
sand 
Grading ·,nto fine-grained, poorly 
graded, sandy SILT. 

Total depth = 9. 0 feet. 

" • • .2' a. a. • 
...J - E > : E a. 

•a . ~ 
:, I- "' - "' I-

)1..19-0-01 

H-19-1,-01 

Neg 

H-1~l-O! 

H-19-5-01 

Neg 

• 
!! ~ " ;:: =ti' " ~ ~ . 
.!!! • 0 -
0 • ~ . 
>"' " :t 

(ppm) 

0.0 

0.0 

Boring Method:-Geoprobe 

Borehole Diameter (in.): 2.0 

AS-BUil T DESIGN 

Concrete Cap 

Hole was 
backfilled with 
bentonite grout. 

"' w 
"' >
...J 
<( 
z 
<( 

PAC 
SUIT 

PAC 
SUITE 

Jo~c__~~~~~~~~-L-EG~E-N-D~~__J'---~'---~...J.._~--'-~-----'~p--R"'O..'J"E"'C.aT"N""U"M...,B'"E"'R:-: "0"-6 ... 1"'M"-"10'°'7"'0"3-"0-'T"5"2~-, 

2.0--inch O.D. Geoprobe 
soil core sample 
with % recovered 

Drilling Started: 1216/00 

Soil Analysis 
(8041, 8081, 8141A, 
8151A,8290, 82606, 
8270, 601017000/200.7, 
747017471, NWTPH-Ox, 
8082) 

RPAC-PDX 
Portland, Oregon 

AMEC EARTH & ENVIRONMENTAL, INC. 

74n SW Teet, Center Dnve 
Portland. Oregon 97223-8025 
Phone (503) 639-3400 FAX (503) 62D-7892 

Drilling Completed: 1216/00 Logged By: S. Bcurcy/L. JanczakJS. Kohr5/S. KranziH. Nelson 
11070:)IHA 19.DRW 
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PROJECT· RPAC - POX 
COPY 

BORING No.; HA-20 PAGE 1 OF 1 

Elevation Reference: POX Datum 

Relative Ground Surface Elevation: 48.S Feet 

,th 
,· <!et) SOIL DESCRIPTION 

Well Completed: NA 

Relative Casing Elevation: NA 

" C, 

:; -
> : 
:::, ... 

0 
Silt, sand, and crushed rock FILL with ~(pp3m) 

+-=41. -,rootlets (to 6.0 inches). / 

- Total depth = 1 . O foot. 

-
-
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-
-
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-
10-
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-

-

-
-
-
-
-
-

20-

. 

. 

. 

. 

25-

-

-
-
-

30 
LEGEND 

2.D-inch a.o. Geoprobe 
soil core sample 
with "la recovered 

-- - .. 

-- --
- -

·• . 

·I-

. _, 

., . 

-- - - -- - -

- ' . 

--
-

-- -- -- - -

-

. . 

- _1.. - -

- . .. 

' . .. 

(RPA~ Soil Analysis 
l::.'.::E (8041, 8081, 8141A, 
E__':'_' 8151A, 8290, 82608, 

8271], 8010170001200. 7, 
7470l7471, NWTPH-Ox, 
8082) 

Boring Method:-Geoprobe 

Borehole Diameter (in.): 2.0 

AS-BUILT DESIGN 

Bentonite Chips 

- . 

-

-

' 

. -

--

--

.. 

PROJECT NUMBER: 0-61M-10703-0 T52 

RPAC-PDX 
Portland, Oregon 

"' UJ 

"' > 
;;i 
z 
< 

AMEC EARTH & ENVIRONMENTAL, INC. 

7477 SW Tech Center Drive 
Portland, Oregon 97223-<1025 
Phare (503) 631>-3400 FAX (503) 620-7892 

Dnlllng Started. 12/13/00 Dnlllng Completed. 12/1.3/00 Logged By. S. Bourcy/l. Janczak \10tQJ\HALQ.DRW 
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PROJECT: RPAC .. Stage II 

Elevation Reference: City of Portland Datum Well Completed: NA 

Relative Ground Surface Elevation: 36.34 Feet Relative Casing Elevation: NA 

Depth 
(feet) 

0 

10 

1~ 

20 

25 

SOIL DESCRIPTION 

Silty gravel FILL. 

Stiff, moist, mottled brown and reddish 
brown, clayey SILT. Slight odor. 

Grades to medium stiff to soft, gray. 

Grades to black to dark gray with trace 
organics. 

Grades to stiff, mottled gray and brown 
at 10.0-13.0 feet. 

Grades to medium stiff. 

Total depth= 16.0 feet. 

LEGEND 

:i: m m 
~ '1:i. '1:i. m 
..I - E 
> = E c. 

•c m >, :, ,_ U) - " ,_ 
Neg 

Pas 

Neg 200-oa~ 

12.0-inch I.D. Direct Push 
solt core sample 
with '.4 recovered D Soll Analysl!I 

(Test Method Shown) 

; 
Soil aample lntsrval 
submitted for 
laboratory aRalysis 

o,nttng Started: 1214101 Drilling ComplGted: 1214101 

BORING No.: HA-200 PAGE1 OF1 

• 
m "' - C :;::; ii 
.! • 
om 
>"' 
JJJ!f' 

5.1 

a.a 

a.a 
1.4 

a.a 

D.D 

"" C ~ 
~ m 
o-
C, ~ 

Boring Method: Direct Push 

Borehole Diameter (in.}: 3.25 

AS-BUil T DESIGN 

Hole was 
backfilled with 
bentonite chips. 

., 
w 

" >-
:;i 
z 
"' 

92608, 
B27DC, 
NAP 

-200-08--01 
82600, 
8270C, 
N p 

PROJECT NUMBER: ~1 M-10703-0 T52 

RPAC - Stage II 
Portland, Oregon 

AMEC EARTH & ENVIRONMENTAL, INC. 
7375 So/11 Durham Road 
Portland, Oregon 97224 
Phone (503) 63S-3400 FAX (503) 620-7892 

Logged Sy: J, F-lo/F. Kumano/H. Nelson 
\10703\HA'.200.DRW 



PROJECT: RPAC - Sta e II 

Elevation Reference: City o1 Portland Datum Well Completed: NA 

Relative Ground Surface EleYation: 46.15 Feet Relative Casing Elevation: NA 

Depth 
(feet) SOIL DESCRIPTION 

0 
3.0-inch layer of asphalt over sandy Neg H-201-00--01 

gravel FILL with silt. 
_______ . _ _ _ _ _ _ _ __ ___ __ _ _ __ ___ _ _ __ _ _ __ _ _ _ _ _ _ _ _ _ _ _ Neg 201-02-01 

5 

10 

15 

20 

25 

Medium stiff, moist, brown, clayey SILT. 

Grades to wet with dark brown NAPL 
blebs at 10.0 feet. 

Soft, saturated, light gray, clayey SILT. 
NAPL blebs noted at 12.0-16.5 feet. 

Stratified layera of stiff, damp, clayey 
silt present (0.1 foot thick). 

Sheen noted. No NAPL noted from 
16.5-20.0 feet. 

Grades to brown. No NAPL noted. 

-t------------------1" 
Total depth = 22.0 feet. 

Neg 

201-08-0 

' 

BORING No.: HA-201 PAGE1 OF 1 
Boring Method: Direct Push 

Borehole Diameter (in.): 3.25 

AS-BUil T DESIGN 

Asphalt Cap 

Hole was 
backfilled with 
bentonite chips. 

., 
w 
(1) 
>
...J 
<( 

~ 

li-201-08-01 
8290, 
-S151A, 
82608, 
S270C, 
6020, 
8081A 

30-~------------------~--~-~-~~-~-----------~-----, 
LEGEND 

j 2.0-inch I.D. Direct Push 
soil core sample 
with % recovered 

i Soil sample Interval 
submitted for 
laboratory analysis 

RB Rinsata Blank sample 

Drilling Started: 1214101 

D Soil Analysis 
(Test Method Shown) 

Drilling Completed: 1214/01 

PROJECT NUMBER: D-61M-10703-0 T52 

RPAC - Stage II 
Portland, Oregon 

AMEC EARTH & ENVIRONMENT AL, INC. 
7376 SW Duma,, Ro,rj 
Portland, Oregon 97224 
Phore(503)639-3400 FAX(503)620-7692 

Logged By: J. Fassio/F. Kumano/H. Nelson 
110703\HA201.DRW 



PROJECT: RPAC - Sta e II 

Elsvation Reference: City of Portland Datum Well Completed: NA 

Relative Ground Surface Elevatlon: 45.10 Feet Relative Casing Elevatlon: NA 

Depth 
(feet) 

0 

s 

10 

20 

25 

SOIL DESCRIPTION 

Silty gravel FILL. 

Stiff, damp, mottled brown and reddish 
brown, clayey SILT. 

Grades to gravelly. 

Medium stiff, moist to wet, gravelly, 
clayey SILT. 

Black, asphaltic gravel layer at 6.5-7.0 
feet. 

Stiff, moist, gray, clayey SILT. 

Total depth = 15.0 feet. 

LEGEND 

:E m m 
"' ii ii m ::; - E >::: E a. 

mo m >, :»- ,,,_ ., I-

Neg ,.,.,.. 

j 2.0-lnch 1.0. Direct Push 
soil core sample 
with % recovered D Soil Analysis 

(Test Method Shown) 

8 Soll sample Interval 
§ submitted for 

faboratory analysis 

Drilling Started: 12/4101 Orllllng Completed: 12/4101 

BORING No.: HA-202 PAGE1 OF 1 

m 
m "' = .E 
- "C .!!! m 
o m 
><r: 
ppm 

0.0 

1.7 

0.1 

"C 
C ~ 
~ m 
0 -~ m 

C> s: 

Boring Method: Direct Push 

Borehole Diameter (in.): 3.25 

AS-BIJIL T DESIGN 

HDlewas 
backfilled with 
bentonite chips. 

., 
UJ 

~ 
..I 
,,: 
z 
,,: 

2'J2-08-01 
8151A, 
82606, 
8270C, 
Bll81A 

PROJECT NUMBER: 0-61M-10703-0 T52 

RPAC - Stage II 
Portland, Oregon 

AMEC EARTH & ENVIRONMENTAL, INC. 
7376 SW Dumam Road 
Portland, Oregon 97224 
Phone (503) 63!>-3400 FAA (503) 620-7892 

logged By: J. Fasslo/F. Kumano/H. Nelson 
\1070:!IHA202..DRW 
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PROJECT: RPAC - Sta e II 

Elevation Reference: City of Portland Datum Wen Completed: NA 

Relative Ground Surface Elevation: 48.30 Feet Relative Casing Elevation: NA 

Depth 
(feet) 

0 

10 

15 

20 

25 

SOIL DESCRIPTION 

6.0-inch layer of concrete over loose, 
moist to wet, gravel Fl LL with silt. 

Perched water above SI LT at 1.5 feet. 

Stiff to medium stiff, moist, brown, 
clayey SILT. Very strong odor. 

NAPL blebs noted from 8.0-11.0 feet. 

Neg 203-02.01 

Pos ,,,_.,.. 

"' s 
MS/MSO 

· c1ay · cantent aec:reases:· -- · · -- · · · -· · · · · · · 
Medium stiff, moist, brown SILT. 

Total depth= 14.0 feet. 

LEGEND 

j 2.0,.inch I.D. Direct Push 
son cora sample 
'Mth % recovered 

I Soll sample Interval 
submitted for 
laboratory analysis 

D Soil Analysis 
(Test Method Sh<Mlll 

Dup Duplicate sample 

LS Lab Spilt sample 

MS/ Matrix Spike/Matrix 

BORING No.: HA-203 PAGE1 OF 1 
Boring Method: Direct Push 

Borehole Diameter (In.): 3.25 

AS-BUil T DESIGN 

Concrete Cap 

1','/,"4-- Hole was 
backfilled with 
bentonite chips. 

"' w 
~ 
..J .. 
z .. 

H-203-00-01 
82!10, 
8-27DC 

li-203-02--01 
82608, 
B27DC, 
81JHA 

H-200.-08-01 
a2go, 
&180B, 
8270C, 
8081A 

PROJECT NUMBER: 0-61M-10703-0 T52 

RPAC • Stage II 
Portland, Oregon 

AMEC EARTH & ENVIRONMENTAL, INC. 

7376 SW Durt,am Raa:J 
Portland. Oregon 97224 

MSD Spika Duplicate sample Phone (503) 639-3400 FM (503) 620-7992 

Drtlllng Started: 1214101 Drilling Completed: 1214/01 Logged By: J. FassiolF. Kumano/H. Nelson 
\107031.HA.203.0RW 



PROJECT: RPAC - Stage II BORING No.: HA-204 PAGE1 OF 1 
Elevation Refemnce: City of Portland Datum Well Completed: NA 

Relative Ground Surface Elevation: 44.27 Feet Relative Casing Elevation: NA 

Depth 
(feet) 

0 

5 

SOIL DESCRIPTION 

Silty, sandy gravel FILL. 

Medium stiff, moist, dark brown, clayey 
SILT with trace organics. 

Loose, light brown, well-graded, 
medium-grained SAND. 

- - -- --------- ---- ----- -- - ------- ------- --- -------
Medium stiff, moist to wet, dark brown, 
clayey SILT with disseminated, rounded 
gravel and trace organics. 

.E 
"' :J -
> :g 
::, ... 

.. a. 
E 
<DC ., -

Neg ,....,., 

.. 
a. .. 
E ci. 
.. >, "' ... 

-Neg 1-1-2°'-oa..o>k,~~4 8 Grades to black with abundant wood · 

15 

20 

25 

debris. Oil-like odor. 

Total depth = 10.0 feet due to refusal. 
Encountered hard material. Two 
attempts to penetrate hard layer were 
unsuccessful. (Possible layer of logs.) 

LEGEND 

2.0-lnch 1.0. Direct Push 
soil core sample 
with % recovered D Soll Analysis 

(Test Molhod Shown) 

Soll sample interval 
submitted for 
laboratory analysis 

Drilling Started: 1215/01 Drilling Completed: 1215101 

16 

Boring Method: Direct Push 

Borehole Diameter (In.): J.2!5 

AS-BUILT DESIGN 

Hole was 
baclcfilled with 
bentonite chips. 

"' w 

"' > 
.J 

" z 

" 

IH04-02-d1 
8151A, 
82608, 
8270C, 
8081A 

H-204-08-01 
8151A, 
82S08, 
a:zroc, 
BOB1A 

PROJECT NUMBER: 0-61M-107D3-0 T52 

RPAC - Stage II 
Portland, Oregon 

AMEC EARTH & ENVIRONMENT Al, INC. 

7376 5'N Durham Road 
Portlar,d, Oregon 97224 
Phone (503) 639-3400 FAX (503) 620-7892 

Logged By: 5. Adams/J. Fasolo/H. Nelson 
\10703\HA204.0RW 



PROJECT: RPAC - Sta e II 

Elevation Reference: City of Portland Datum Well Completed: NA 

Relative Ground Surface Elevation: 50.85 Feet Relative Casing Elevation: NA 

Depth 
(feet) SOIL DESCRIPTION 

J 

5 

10 

15 

20 

25 

6.0-inch layer of concrete over loose to 
medium dense, damp, brown, poorly 
graded, medium-grained SAND. 

Medium stiff, damp, mottled brown and 
gray SILT with trace clay. 

Medium stiff, moist, gray, clayey SILT. 
Clay content increases at 8.0 feet. 
Slight odor noted from 8.0-11.0 feet. 

Grades to medium brown. 

Total depth= 14.0 feet. 

LEGEND 

Neg H-2lls.00-01 

2115-08-0 

2.0-lnch I.D. Direct Push 
soll core sample 
with o/e recovered D Soll Analysis 

(Test Method Shown) 

i Soll sample Interval 
submitted for 
laboratDry anatysls 

Drtlllng Started: 12/3/01 Drilling Completed: 12/3/01 

BORING No.: HA-205 PAGE 1 OF 1 

~ .. "' - C :: ~ 
.!!! .. 
0 .. 
>IJ: 
p_pm 
0.2 

0.2 

0.4 

0.8 

0.0 

0.0 

Boring Method: Olract Push 

Borehole Diameter (In.): 3.25 

AS.SUIL T DESIGN 

Concrete Cap 

Hole was 
backfilled with 
bentonite chips. 

., 
w 

"' :'.; 
..: 
~ 

H-205-00-01 
8290, 
8151A, 
moc, 
6020, 
8081A, 
NAP 

205-02-41 
8290, 
8151A, 
82!10B, 
mac, 
6020, 
8081A, 
NAP 

H-205,-08.-01 
8151A, 
82808, 
B27DC, 
8020, 
B081A, 
NAP 

PROJECT NUMBER: 0-61M-10703-0 T52 

RPAC - Stage II 
Portland, Oregon 

AMEC EARTH & ENVIRONMENTAL, INC. 

7376 SW Durham Road 
Portland, Oregon i,7224 
Phone(503)63&-3400 FAX(503)620-7892 

Logged By: J. Fasslo/F. Kumano/H. Nelson 
\10703\HA205.DAW 



PROJECT: RPAC • Sta e II 

Elevation Reference: City of Port.land Datum Well Completed: NA 

Relative Ground Surlace Elevation; 44.86 Feet Relative Casing Ektvatlon: NA 

Oopth 
(feet) 

J 

10 

1S 

20 

25 

SOIL DESCRIPTION 

Silty, sandy gravel FILL 

M••ww•MWM•M• WW•MM••••••••MW 

Medium stiff to soft, moist to wet, 
brown, clayey SILT with gravel. 

Color transition to gray. 

Medium stiff, moist, gray, clayey SILT 
with wood debris and organics. 

Moisture content increases to wet. 

• Total depth"' 14.0 feet. 

LEGEND 

2.tl-lnch 1.0. Dlract Push 
soil core sample 
with 04 recovered 

Soll sample Interval 
submitted for 
laboratory analysis 

.l! .!! .!! "' :J -
0. 0. • 

> = e E o. 
.. 0 .. ,.. 

::, ... "' - "' ... 
Neg H,206,.()0.,0t 

Neg H-206,,02,-0 

Soll Artalysls 
(TGSt Method Shown) 

Drilllng Started: 12/4/01 Drilling Completed: 1214/01 

BORING No.: HA-206 PAGE1 OF 1 

" !I! :r :::. :a 
.!!l .. 
~~ 
ppm 
0.4 

1.0 

0.0 

1.4 

1.5 

10 

" ~ ~ "s 0 .. " .: 

Boring Method: Direct Push 

SQrehole Diameter (ln.t: 3.25 

AS-BUil T DESIGN 

Hole was 
backfilled with 
bentonite chips. 

II) 
w 
(II 

> 
,l 
~ 

am A. 
8260B. 
8270C, 
NAP 

H-206-02·-0l 
il151A, 
826118, 
6270G, 
NAP 

,,,,., ..... ,,, 
l\1&1A. 

""' 1270C, 
NAP 

PROJECT NUMBER: 0-61M-10703-0 T52 

RPAC • Stage IJ 
Portland, Oregon 

AMEC EARTH & ENVIRONMENTAL, INC. 

7376 SW Durham RcaJ 
Pon!and, Oregon 97224 
Phone(503)639-3400 FAX(503)620.7B92 

Logglld By: J. F-loll'. Kumano/H. Nelson 
\101ci31HA200.0RW 
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PROJECT: RPAC - Sta e II 

Elevation Reference: City of Portland Datum Well Completed: NA 

Relative Ground Surface Elevation: 46.37 Feet Relative Casing Elevation: NA 

Depth 
(feet) 

D 

5 

10 

20 

25 

SOIL DESCRIPTION 

Dense, sandy gravel FILL. 

Medium stiff, moist, black SILT. 
Appears saturated with oil, strong 
oil-like odor. 

Grad es to dark brown. 

Soft, moist, brown, clayey SILT. 

Grades to medium stiff, gray. 

Total depth= 15.0 feet. 

LEGEND 

2.0-inch LD. Dlrac:t Push 
soil core sample 
with % recovered 

3:: Soll sample Interval 
I submitted for 

laboratory analysis 

E m 
"' ii ::; ~ E >: ,. a ::, ,_ 

U) -

Neg fi.2D7-0M1 

Pas H-201-02-!11 

207-08-ll 

D Soll Analyols 
(Test Method Shown) 

Drilling Started: 12/3/01 Drilling Complel&d: 1:2/3101 

BORING No.: HA-207 PAGE1 OF 1 

~ 

m"' - C 
;:I i:i 
~ m 
o m 
> 0:: 
ppm 
0.8 

1.4 

6.5 

1.9 

2.0 

0.8 

Boring Method: Direct Push 

Borehole Diameter (In.); 3.25 

AS-BUil T DESIGN 

tmffi--Hole was 
backfilled with 
bentonite chips. 

"' w 

"' >
..J 
< z 
< 

- 11 -oo-01 
l!.!90. 
a,srA, 
!270C. 

1!.01D, I 
10&\A, 
NAP 

H-'207-02-CJt 
8290, 
8151A, 
82808, 
827DC, 
8020, 
8081A, 
NAP 

f,I..2'37-08-01 
11290, 
8151A, 
112808, 
8270C, 
6020, 
15061A, 
NAP 

PROJECT NUMBER: D-61M-107~ T52 

RPAC - Stage II 
Portland, Oregon 

AMEC EARTH & ENVIRONMENT AL, INC. 

7376 SW Durham Road 
Portland, Qrega, 97224 
Phone (503) 63!.-3400 FAX (503) 620-7892 

Logged By: J. Fasslo/H. Nelson 
110703\HA207.0RW 
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PROJECT: RPAC • Sta e II 

Elevation Reference: City of Po'1land Dall.Im Well Comp!-: NA 

Rslatlve Ground Surface Elevation: 46.72 Foot Relative Casing El&vatlon: NA 

Depth 
(feet) 

0 

SOIL DESCRIPTION 

0.5-foot layer of concrete over 0.3-foot 
~ayer of silty gravel FILL. 

Stiff, moist, dark gray, clayey SILT with 
: ~ra~_el._ ~-t~~~g petroleum-like o~~r.- _ _/ 

5 

10 

Medium stiff, moist, brown, clayey SILT. 
Moderate odor noted. 

Grades to medium gray. 

: Total depth = 14.0 feet 151 
.., 

20~ 
! 

25 

LEGEND 

2.0-lnch LO. Direct Push 
soH core sampb1 
\1lith •J;i nJCOVGred 

i Soil sample lntenral 
submittsdfor 
laboramry analysis 

--~ 
Soll Analysis 
(T- M9!hcd Shown) 

Drilling Started: 12/3101 Drilling Completed: 1213101 

BORING No.: HA-208 PAGE1 OF2 
Boring Method: Oln,ct Push 

Borehole Olametw (In.): 3.25 

AS-BUil T O!oSIGN 

I 

Hole was 
backfilled with 
bentonite chips. 

'290, 
!151A, 
a21oc, 

'""· ""'" NAP 

2 ~, 
11290, 
9151A, 
il28!18. 
9270C, 
IW20, 
801!:IA, 
NAP 

H-"""8-01 
S.t5tA. 
82600, 
a270C, 
1101.0. 
8:0&1A. 

PROJECT NUMBER; 0-61M-10703-0 T52 

RPAC -Stage II 
Portland, Oregon 

AMEC EARTH & ENVIRONMENTAL, INC. 
7376 SW Durham Road 
Portland, Oregon 97224 
Phooe (503) 639-3400 FAA (503) 620-7692 

Logged By: J. Fuslo/F. Kumano/H. Nalson 
\10103\Kll.zce.o~m 



PROJECT: RPAC - Sta e II 

Elevation Reference: City of Portland Datum Well Completed: NA 

Relative Ground Surface Elevatlon: 45.72 Feet Relative Casing Elevation: NA 

Depth 
(feet) 

0 

5 

15 

20 

25 

SAMPLE LOG 

Pushed sampler 2.0 feet, recovered 
1.5 feet. No slough in hole. 

Pushed sampler 2.5 feet, recovered 2.5 
feet. Approximately 1.D foot of slough 
in hole. 

Total depth= 10.D feet. 

Il 
LEGEND 

3.0-lnch 1.0. Undisturbed 
Shelby Tube sample with 
% recovered 

:l: .. 
Cl C. 
:::; -
>: E 

" C :, I- " -

Drilllng Started: 1213/01 Drilling Completed: 1213/01 

.. 
0. .. 
E "-" ,. 
"' I-

BORING No.: HA-208 PAGE20F 2 

.. 
.. Cl 
- C 
:w =c 
.!!! " 0 .. 
> a: 
ppm 

"Cl 
C ~ 
~ .. 
0 -~ .. 

<!) ;t 

Boring Method: Direct Push 

Borehole Diameter (in.): 3.25 

AS-BUil T DESIGN 

Hole was 
backfilled with 
bentonite chips. 

PROJECT NUMBER: 0-61M-10703-0 T52 

RPAC - Stage II 
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AMEC EARTH & ENVIRONMENT AL, INC. 

7376 SW Durham Road 
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PROJECT: RPAC - Sta e II 

Elevation Reference: City of Portland Datum Well Completed: NA 

Relative Ground Surface Elevation: 47.45 Feet Relative Casing EJevation: NA 

Depth 
(feet) 

0 

5 

10 

15 

20 

25 

SOIL DESCRIPTION 

6.0-inch layer of concrete over gravelly, 
clayey SILT with FILL debris (brick). 

- ·----- --· -- -- -- - -- ----- - - -- ------
Stiff, moist, mottled gray and brown, 
clayey SILT. (Odor) 

Grades to medium brown. Strong odor 
first noted at 4.0-8.0 foot interval. 

Grades to medium stiff. 

(Odor) 

Medium stiff, wet, gray SILT. 

Total depth = 13. O feet. 

LEGEND 

:E 
"' ::; ->:: 
::, I-

.. 
a 
E 
"C "' -

Ti 2.0-lnch I.D. Direct Push 
soil core sample 
with % re<:OY8rad D Soil Analysis 

(Test Method Shown) 

! Soil sample intervaJ 
submitted for 
taboratory analysis 

Dnlling Started: 12/3101 Drilling Completed: 12/3101 

BORING No.: HA-209 PAGE1 OF 1 

.. .. "' 
- C ;::. 15 
.!! .. 
0 .. 
> II:'. 
ppm 

1.8 

3.2 

2.2 

3.8 

3.1 

" C ~ 
~ .. 
o
~ .. "' ;: 

Boring Method: Direct Push 

Borehole Diameter (in.}: 3.25 

AS-BUil T DESIGN 

Concrete Cap 

V,/.,.;-s1--Hole was 
backfilled with 
bentonite chips. 

., 
w 

"' ,_ 
.J .. 
z .. 

H-20S-02-01 
826CB, 
NAP 

PROJECT NUMBER: 0-61M-10703-0 T52 

RPAC - Stage II 
Portland, Oregon 
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PROJECT: RPAC - Sta e II 

Elevation Reference: City of Portland Datum Well Completed: NA 

Ralative Ground Surface Elevation: 48.87 Feet Relative Casing Elevation: NA 

Depth 
(feet) 

0 

5 

10 

SOIL DESCRIPTION 

Silty gravel FILL. 

Medium stiff, moist, mottled brown and 
gray, clayey SILT. 

Stratified with silt layers at 7.0-9.5 feet. 

(Rinsate - silty. Odor.) 

DaiK ·gray ·drsco1araiian· a1 ·s:s-11 :o- feec · -
Strong odor. 

Grades to brown. 

.,: 
Cl 

:::; ->: :::, .... 

~ 

ii 
E 
•o ., -

Neg 1+210-02--0 

210-08-0 

• E 

Soft, wet, brown SILT with trace clay 
and fine-grained sand. 

15~+-~~~~~~~~~~~~~~~~-,... 

Total depth = 15. o feet. 

20 

25 

LEGEND 

~ 

ii ~ 
E a. . ,.. ., .... 

2.0-inch I.D. Direct Push 
soil core sample 
with % recovared D Soil Analysls 

(Test Method Shown) 

I Soll sample Interval 
:31 submitted for 

laboratory analysis 

RB Rlnsate Blank sample 

PE Performance Evaluation sample 

Drilllng Started: 11/30/01 Drllling Completed: 11/30/01 

BORING No.: HA-210 PAGE1 OF 2 

m 
~ '" = .5 - .., .! • 
0 ~ 
> a: 
ppm 

0.0 

0.6 

0.0 

1.1. 

0.0 

0.0 

.., 
C ~ 
~ ~ 

0 -~ . 
(!I 3: 

Boling Method: Direct Push 

Borehola Diameter (In.): 3.2!5 

AS-BUil T DESIGN 

Hole was 
backfilled with 
bentonite chips. 

., 
w ., 
~ 
<( 
z 
<( 

H-210.02-01 
82608, 
NAP 

H-2"10-0S-01 
1!2BOB, 
NAP 

H-21()..(}8.-0l 
11290, 
8151A, 
8~0B, 
8270C, 
50'20, 
aoa1A, 
8082 

-210-08-05 

I :~~c I 

PROJECT NUMBER: 0-61M-10703-0 T52 

RPAC - Stage II 
Portland, Oregon 
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7376 SW Dumam Road 
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PROJECT: RPAC - Sta e II 

Elevation Reference: City of Portland Datum Well Completed: NA 

Relative Ground Surface Elevation: 48.87 Feet Relative Casing Elevation: NA 

Depth 
(feet) 

D 

5 

15 

2D 

25 

SAMPLE LOG 

Pushed sampler 2.25 feet, recovered 
2.25 feet. 

Pushed sampler 2.0 feet, recovered 0.5 
feet. Too much water in hole. 

Total depth = 10.0 feet. 

Il 
LEGEND 

3.~nch I.D. Undisturbed 
Shelby Tube sample with 
% recovered 

l: .. 
"' 'li 
:; - E > : •c :::, ... ., -

Drilling Started: 11/3D/01 Drilling Completed: 11/3D/01 

• 
'li • 
E c. m >, 

"' ... 

BORING No.: HA-210 PAGE2 OF 2 

.. 
• Cl 
- <: ;. =a 
.!!! .. 
0 .. 
> 0:: 
ppm 

" <: ~ 
:, . 
o-~ m 
" 5' 

Boring Method: Dtrect Push 

Borehole Diameter (in.): 3.25 

AS-BUil T DESIGN 

Hole was 
backfilled with 
bentonite chips. 

PROJECT NUMBER: 0-61M-10703-0 T52 

RPAC - Stage II 
Portland, Oregon 
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AMEC EARTH & ENVIRONMENT AL, INC. 
7376 SW Durham Raad 
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Pha"e (503) 639-3400 FAX (503) 620-7892 

Logged By: J. Fassio \10703\HA210ST.DRW 



PROJECT: RPAC - Sta e II 

Elevatlon Reference: City of Portland Datum Well Completeci: NA 

Relative Grounci Surface Elevation: 47.85 Foot Relative Casing Elevation: NA 

Depth 
(feet) SOIL DESCRIPTION 

0 

5 

10 

15 

20 

25 

6.0-inch layer of concrete over dense, 
moist, black, sandy base course gravel 
FILL with FILL debris (brick, concrete). 
Slight odor. '------------- __________________ / 
(Strong odor.) 
Stiff, moist, brown, clayey SILT. 

Strong odor at 4.0-7.0 feet. 

Grades to medium stiff. 

(Slight odor.) 

Grades to wet. 

Total depth = 14.0 feet. 

Neg H-211-00-01 

Neg tt-211-02-0 

Neg 21,-0.., 

LEGEND 

T 2.0-lnch I.D. Direct Push 
~ soil core sample 

...YL. with % recovered D Soil Anatyels 
(Test Method Shown) 

I Soll sample Interval 
submitted for 
laboratory analysis 

Drilling Started: 12/3101 Drilling Completed: 12/3101 

BORING No.: HA-211 PAGE1 Of 1 

• ~ .. 
- C =~ 
.!! ~ 
0 ~ 
> 0: 
ppm 
5.2 

9.2 

38 

2.2 

0.8 

Boring Method: Direct Push 

Borehole Diameter (in.): 3.25 

AS-BUil T DESIGN 

Concrete Cap 

Hole was 
backfilled with 
bentonite chips. 

"' w ., 
>
-' 
<( 
z 
<( 

H-211- 0-01 
8290, 
8151A, 
moc, 
6020, 
8081A, 
NAP 

211-02.-01 
82606, 
NAP 

H-211-08-01 
62608, 
NAP 
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RPAC - Stage II 
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PROJECT: RPAC - Sta e II 

Elevation Reference: City of Portland Datum Well Completad: NA 

Relativo Ground Surface Elevation: 47 .54 Feet Relative Casing Elevation: NA 

Depth 
(h>et) 

a 

5 

10 

20 

25 

SOIL DESCRIPTION 

6.0-inch layer of concrete over wet, 
sandy gravel FILL. 

Medium stiff to stiff, moist, brown, · 
clayey SILT. Moderate odor. 

Clay content decreases. 

Soft, wet to saturated, brown SILT with 
trace clay. 

Total depth= 15.0 feet. 

LEGEND 

:c .. 
:; -
>i: ::, ... 

" C. 
E 
"0 ., -

tf.212-QZ-O 

ti-212-<JM 
PE 

" C." E a. 
m >-..... 

j 2.0-inch 1.0. Direct Push 
soil core sample 
with% recovered D Soil Analysis 

(Test Method Shown) 

I Soll sample Interval 
submitted for 
laboratory analysis 

PE Performance Evaluation sample 

Drilling Started: 11/31J/01 Drilling Completed: 11/30/01 

BORING No.: HA-212 PAGE1 OF 1 
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" "' - C 
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.!!! m 
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ppm 
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3.9 
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,, 
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" .s o m 
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Boring Method: Direct Push 

Borehole Diameter (in.}: 3.2!5 

AS-BUil T DESIGN 

Concrete Cap 

Hole was 
backfilled with 
bentonite chips. 

., 
w ; 
< z 
< 

~212-02.01 
8260B, 
B27DC, 
808\A 

H· 1 .u-01 
8260B, 
mac, 
80!1A 

H-212-06-06 
B151A, 
8261lB, 
B270C, 
61120, 
8081A 
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PROJECT: RPAC - Sta e II 

Well Completed: NA Elevation Reference: City of Portland Datum 

Relative Ground Surface Elevation: 46.76 Feet Relative Casing EIIWation: NA 

Depth 
(feet) 

0 

5 

10 

SOIL DESCRIPTION 

4.0-inch layer of concrete over 3.0-inch 
layer of gravel FILL. 

Medium stiff, moist, light brown, clayey 
SILT. ________________________________________ j 
Grades to light gray. 

(Slight odor.) 

Medium stiff, moist to wet SILT 
stratified with clayey silt. 

-.<: .. .!! C, li 
:; - a. .. 

E > ~ E a. 
• m C .. .. :1'- ., - ., I-

BORING No.: HA-213 PAGE1 OF 1 
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en 
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0.8 
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" C: ~ 

" .. 
0 -~ .. 
(!) ;: 

Boring Method: Direct Push 

Borehole Diameter (In.): 3.2! 

AS-BUILT DESIGN 

Concrete Cap 

Hole was 
backfilled with 
bentonite chips. 

"' w ., 
~ .. 
:z .. 

H-213-08-01 
82609, 
8270C, 
NAP 

+-JLL,'t- 0. 0 
Total depth = 15. 0 feet. 

20 

25 

LEGEND 

2.0-inch I.D. Direct Push 
son core sample 
wtth % recov81"8d 

I Soil sample interval 
submitted for 
laboratory analysis 

Drilling Started: 11/30/01 

D Soll Ana.lysls 
(Test Method Shown) 

Drilling Completed: 11/30/01 
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PROJECT: RPAC - Sta e II BORING No.: HA-214 PAGE1 OF2 
Elevation Reference: City of Portland Datum Well Completed: NA 

Relative Ground Surface Elevation: 48.43 Feet Relative Casing Elevation: NA 

Depth 
(feet) 

0 

5 

10 

15 

20 

25 

SOIL DESCRIPTION 

6.0-inch layer of concrete over gravel 
FILL. 

- - -- -- -- -- - - -- - --- -- -- -----------------------

Soft, moist to wet, brown, clayey SILT 
with trace fine gravel. 

Grades to moist. 

Clay content decreases. 

Medium stiff to stiff, moist, brown SILT 
with some clay. 

Grades to wet. 
Soft wet brown SILT with trace cla 

Total depth = 14.0 feet. 

LEGEND 

:c 
C, 

:.J .... 
> " ::, ~ 
Neg 

Neg 

.. 
.!!? m m "' c. m 

- C: C. =~ E E c. .!!? m 
m C .. "' om ., - ., .... >"' 

tt.214-00--01 ppm 
0.1 

214--02-0l 0.2 
p 

s 
S/MSD 

0.0 

0.0 

0.0 

2.0-inch 1.0. Direct Push 
soil core sample 
W'ith % recovered D Soll Anatysis 

(Test Method Shown) 

I Soll sample inteNal 
submitted for 
laboratory anatysis 

Dup 

LS 

MS/ 
MSC 

Dupllcat9 sample 

Lab Split sample 

Matrix Spika/Matrix 
Spike Duplicate sample 

Orllllng Started: 11/30/01 Drilling Completad: 11130/01 

"O 
C: ~ 

= .s o m 
i5 3: 

Boring Method: Direct Push 

Borehole Diameter (in.): 3.25 

AS-BUil T DESIGN 

Concrete Cap 

~-Holewas 
backfilled with 
bentonite chips. 

H-214-00-01 
8082 

H-21+02-01 
80112 
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PROJECT: RPAC. Sta e II 

Well Compl&ted: NA Elevation Reference: City of Portland Datum 

Relative Ground Surlace Elevation: 48.43 Feet Relative Casing Elevation: NA 

Depth 
(feet) 

J 

10 

15 

20 

25 

SAMPLE LOG 

Pushed sampler 2.5 feet, recovered 
2.5 feet. Approximately 0.5 feet of 
slough in hole. 

Pushed sampler 2.5 feet, recovered 1.5 
feet. Unable to determine the amount 
of slough in sampler due to expansion 
of soil in hole. Bottom 0.5 foot of 
sample pulled out of sampler. Standing 
water in concrete saw cut flowed into 
hole and made it difficult to retrieve 
sample. Soil may be too soft at 

.D-10.0 feet. 

Total depth= 10.5 feet. 

Il 
LEGEND 

3.IHnch 1.D. Undisturbed 
Shelby Tube sample with 
% recovered 

m 
ii 
E 
mo "' -

Drilling Started: 12/5/01 Dri!Ung Completed: 12/5/01 

m 
ii m 
E c. .. ,. 
"' .... 

BORING No.: HA-214 PAGE2 OF2 

Bor1ng Method: Direct Push 

Borehole Diameter (in.): 3.25 

AS-BUILT DESIGN 

Hole was 
backfilled with 
bentonite chips. 
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PROJECT: RPAC - StaQe II BORING No.: HA-215 PAGE1 OF 1 
Well Completed: NA Elevation Reference: City of Portland Datum 

Retatlve Ground Surface Elevation: 35.04 Feet Relative Casing Elevation: NA 

OGpth 
(feet) 

D 

SOIL DESCRIPTION 

Dense. moist. sandy gravel FILL with 
- \ trace silt and organics. 

- Total depth = 0.5 feet. 
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Boring Method: Direct flush 

Borehole Diameter (in.): 3.25 

AS-BUILT DESIGN 

- -

. -

-

-

., 
w ., 
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~ 

8290, 
8151A, 
a21oc, 
6(120, 
B0B1A, 
NAP 

30-~----------------~-~--~-~--~-~-----------~~----, 
LEGEND 

GRAB Surface Grab sample 

Soil sample Interval 
submitted for 
laboratory analysts 

D Soli Analysls 
(Test Method Shown) 

PROJECT NUMBER: 0-61M-10703-0 T52 
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PROJECT: RPAC - Stage II 

Elevation Reference: City of PortJand Dah.lm 

Relative Ground Surface Elevation: 44.68 Feet 

Depth 
(feet) 

J 
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SOIL DESCRIPTION 

I.Dense, silty, sandy gravel FILL 

Total depth= 0.5 feet. 

I 

BORING No.: HA-216 

Well Completed: NA 

Relative Casing Elevation: NA 
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Boring Method: Direct Push 

Borehole Diameter (In.}: 3.2!5 

AS-BUil T DESIGN 

PAGE1 OF 1 

•I-
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~ 
<( 
z 
<( 

I I 

"''· 1!151A, 
S270C, 
61]20, 
1!081A, 
NAP 

216--00-02 
8151A, 
11020 

30--'-----------------L---'-----'----'-----'------'---------------'---------1 

I 

LEGEND 

GRAB Surface Grab sample 

Soll sample inteNal 
submitted for 
laboratory analysis 

D SollAnalysis 
(Test Method Shown) 

Dup Dupllcab> sample 

LS Lab Split sample 

MS/ Matrix Spike/Matrix 
MSC Spike Duplicate sample 

Ortlllng Started: 12/4/01 Drilling Completed: 12/4101 

PROJECT NUMBER: 0-61M-107D3-0 T52 

RPAC - Stage II 
Portland, Oregon 

AMEC EARTH & ENVIRONMENTAL, INC. 
7376 SW Dumam Rood 
Portland, Oregoo !17224 
Phone (503) 639-3400 FAX (503) 620-7892 

Logged By: J. Fasslo/F. Kumano/H. Nelson 
\10703\HA216.DAW 



PR 0 JECT: RPAC - Staae II BORING No.: HA-217 PAGE 1 OF 1 
Elevation Reference: City of Portland Datum Well Completed: NA Boring Method: Olract Push . 

Relative Ground Surface Elevation: 46.42 Feet Relative Casing EIB¥ation: NA Borehole Olametel' (In.}: 3.25 "' w 
:l: 

m "' Dept~ • !! ... ,, >-.. Q. Q.. = .E C " AS-BUil T DESIGN ...J 

(feet) SOIL DESCRIPTION :::; - -,, ~. "' > = E E o. .!! .. o- z •c • >, 0. ". ::, I- ., - "' I- > a= "';;:: "' 0 
h.Dense, clayey, silty gravel FILL. , Neg !M-217..00.01 R51,>RAI ,ppm, .,, 

0.2 827"0C, - NAP 
Total depth = 0.5 feet. 
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30 
LEGEND PROJECT NUMBER: 0-61M-10703-0 T52 

GRAB Surface Grab sample D Soil Analysis RPAC - Stage II 
(Test Method Shown) Portland, Oregon 

i Soil sample ,nterval 
submitted fol' 
laboratory analysis 

AMEC EARTH & ENVIRONMENTAL, INC. 

7376 fN,/ Durham Road 

I, 

Portland, Oregon 97224 
Phone (503) 639-3400 FM (503) 620-7892 

Drilling Started: 1215/01 Drilling Completed: 1215/01 Logged By: J. FasslolH. llelson 
110703\HA:217.DRW 



PROJECT: RPAC - Sta e II 

Well Completed: NA Elevation Reference; City of Portland Datum 

Relative Ground Surface Elevation; 47 .56 Feet Relative Casing Elevation; NA 

Depth 
(leet) 

l 

5 

10 

20 

25 

SOIL DESCRIPTION 

6.0-inch layer of concrete over 
saturated, base course gravel FILL. 
Water flowing beneath concrete through 

ravel. 

Medium stiff, moist, clayey SILT. 
Strong odor. 

Clay content decreases. 

Medium stiff, moist to wet, brown SILT 
with some clay layers (2.0 inches to 4.0 
inches thick). 

Total depth = 15.0 feet. 

• Q. 
E 
"c ., -

2111-tl:Z-O 

216-08-0 

m 
Q.. 
E a. 
.. >, 

"' I-

LEGEND 

T 2.0-lnch 1.0. Direct Push 
j soil core sample 
~ with % recovered D Soil Analysis 

(Test Method Shown) 

I Soil sample Interval 
submitted for 
laboratory analysis 

Drilling Started: 11130/01 Drilling Completed: 11/30/01 

BORING No.: HA-21B PAGE1 OF 1 

" m"' - <: 
.:::;~ 
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0 • 

> °' 
ppm 
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44 

172 

56 

90 
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102 

"C 
<: " " . o-" .. 
Cl ;i: 

Boring Method: Direct Push 

Borehole Diameter (In.}: 3.25 

AS-6UIL T DESIGN 

Concrete Cap 

Hole was 
backfilled with 
bentonite chips. 

8151A, 
B2BOB, 
8:ZTIJC, 
6020, 
8081A 

218-02-01 
8151A, 
82608, 
B270C, 
6020, 
8081A 

H-218-08-01 
8151A, 
!2606, 
9:Z7llC, 
e1120, 
B0111A 
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7376 SW Durham Road 
Pcrtland, Oregon 97224 
Phore (503) 639-3400 FAX (503) 620-7892 

Logged By: S. Adams/J. Fasslo/H, Nelson 
\ 10703\H.A.218. ORW 
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SOIL DESCRIPTION 

so:I. molllld llgM - and yoiia..ish ""'"" CL~YEY SILT. 

~V.i>o~ igt;i~ SILT~itnsome_day_low _ - -
plasbColy. IQQo oivar,ca (< I~). dry 

Trace clay: motal 

tnc:reased ~ content rrom ,0~11.0 feet oelow gtound 
,..i.u 

Boeon101 WO! 
son. <lllrk ... y SILT wllh S<Jme d ay, loW pjaooly: wel - - - -

Cl SOR. moiilod <lllrk griry and lrghl gray CLAYEY Sli.T, med'um- -
plaslieil)': wo< 

Tolal depch • 20,0 reel bo!ow i;,0111d surf.Jee. Boring stopped 
upon el"C:O!Jntenno Q<ounctwota1 table 

HO~ 
a . Slmpte, an,tyud for voca (81608 ), PMti-eides (8081A), 
Hetbk.fdM (11StA). SV0Cs lncludlng .Phenol$ (82'70C), PCBs 
(IOIV.~ - ('8108, WO, 7471~ OioxinslFur.>PS (mO) 

b • S~mpln anvy'tvd for TOC (9060 Modirted} 

c . S1mp1e, anatyud for Asbestos (PLM orelei;r,on 
Mlc.,otcoov, 

'[ m a 
.!l " ~ ... ;: 

~ 
~ o 0 :r· ~ ~ § .. 
i~ WI " ~ ~ "' "' "' 

00 

00 

00 

.. 
~ 
~ 
i 

TESTING AND 
LABORATORY DATA 

0, C 

n 03_s.o, ill a, C 

n 03,-0, u O, C 

n 037.0 , 

LI • C 

~ 3()-"--'---'------------- ---'----'--1- ,'--'---'------------l 
! BORING M ETHOO; Dl,1ct Pu1n 

~ BOREHOLE OIAMETeRt 1,1 lfrt. 
s 
:E ORIU. RIG; Track RIQ Ott0f,robe GR0UN0SVRFACE ELEVATION; NA 

~ COffTRACTOR: Gtto-T6Cli 6 •.Pk>ta1I011t1/Kran:t SlART CAROffAG 10 ; NA 

IWMRKS: 
Hand euger uu.a from Q.0..1.0 tHt below ground sutfac• 

i LOGGED BY; J. FasaJo, M, Kor,lba<kt, i'---------------- -------'-------------_J ORll,LING OATES: 10/1812004 - 10J1l/200.f, 

6 
C 

;i 
i 
~ 

u 

i 

RP · HOO & LADO Soll Sampling 

0 °61 M-10703.0 T59 

AMEC Earth & Eovlronmonuil, Inc. 
7376 SW Durham Ro•d 
Portland, Oro-gon 
USA 97224 
T"' +1 (503) 639,3400 
f a• +1 (503) 620-7892 

ame~ LOG OF BORING 
HDD-202 

PAGE 1 OF 1 
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" t; SOIL DESCRIPTION 

tl .. 
::, 

ML II.odium >#ff. m«1led b<own ood or•"90Y "Ohl b<own CLAVEY 
SILT. medium plasbef!y. fOOlS allCI IOOl!OIS ($%), dry. 

CL Sofi: mofi.;j cia,ii gr;iy and~cf"cw wi1li somi iii:°hlijh- - -
p1asticity: moist 

SM Medium deose. datk gray. fine. P()Ody griided°~AND. uaee ,;11 
Qtld oo.J antCs:, moisL 

0: So( <lill1<grayCI.AY. '°""' ,.1, .-.,.10hiOJ, puMlclly. -«I 
lragment.we<. 

Ml Medium sliff. moiiied ~9'11 b"""1 ond g<>y C°LAv'EYl>tL T. low 
plastlary. moist 

Toi.al dec:,tn • 19.0 feet below ground ,ur1act eo,l'lg 1~pod 
up0n en<;o1Y1tet1ng g.rounciw.ater lable.. 

NO~ 
• - Sa.mp1es anaJyud to,-: voe, 1126CB). Pnt,tldH ,aoa1A), 
1-t.rblc:ides (815tA}, SVOCs inchld,ng Phtno,, (IVOCJ, PCBs 
(8082A), Meta.ls (60108 . 6020, 747 tAJ, Dio 11!n$/Fur1n• (1290) 

b - Sampkls analyzed f·o, TOC (9060 Modified} 

c. . Samples anatyied for Asbcs1os (P\.M o, Eltc1ran 
Mlcroscopy> 

e a: 
0 I!! .. w 

" 
.. z 

! l!t., We, 
w -'z a:< ., 

i: i5 z it~ .. ::, 
>' s .. li! 3: I!! < ow 
" >Q; " "~ 

"' z 
~ .. 
I-
0 ., 
w 

"' 

TI:Sl1NG AND 
l.ABORATORY DATA 

il,b, C 

n 031-01 u O.b. C 

n <132.0, 
LJ a. b.c 

n 033-01 u a.b, C 

a-311-'---'-~'--~~~~~~~ ~~~~~ --'-~~I--_.___._~__._~~~~~~~~, 
~ DORING METHOD: Dltec.t P\Jsh 

i BOREHOLE DIAM ETER: 1.5 (in) 

i OAILL AtG: T,.ck fUg G~probe 

ELEVATION REFERENCE: HA 

GROUND SURFACE EL&VATIOH: HA 

1 CONTRACTOR:: Geo-Tech b-plor.ationsJKnnu START CAAOITAO 10: NA 

j t.OCGEO BY: J. Fassio, M. Kohtbedter DRILLING OATES: 1ot18'2004 • 1011812(104 

I 
"' 
t 
I 

RP • HOO & LADD Soil Sampling 
AMEC Earth & Envlronmenl:al. Inc, 
7371 SW Durham Road 
PortJand, O,e,gon 
USA 9722• 

0.61 M-10703-0 T59 Tel • 1 (503) 539-.,..00 
Fu • 1 (503) 620-7892 

REMARKS: 

Harid augef Uted ftam 0.0-e.o loet bc'°w ground 1urfac..e. 

ame& LOG OF BORING 
HDD-204 

PAGE 1 OF 1 



j § i l ! ; Ii 
" !!. 

I 
SO-. OESCR1P110H ~o ! Ii ~ TESTING AHO 

; :; ~ "A I LABORATORY DATA 

rl ~ i; ~~ i !I i ! 
- o nee a.,. san::11. ana ~ tbc 

2 

t 
~ 

8 z 

i 
" i 
~ 

sofi" lighl - -llod o.-tnge CLAY will ....,. .:It n-edum -
pltr.ti<•ty, ·-.. (• $%), ...... , 

-',f,~.L,!-~' ~eo--:~ .-a,Blttl_a-<1_ --J 
' -"1 l -~~'!!':¥-----~ 

l I ••1P.,CLAY ___ _..¢_'Y'._ I 
SM--- ,.,.'91'1, ... poort;an,ded5""0 ,,_ ... --o,g--,. ,,., - ., - - odor 

T o1a1 del>CII • 1 s o ,.., - o""'ncl wrf""" Bonno ""fll!«l 
._ an-~ g,oundwlller ~bio. 

HOTE· • ·--•ad Ir IIOC•II_L _ ~ AL 
HotboC- (111>AL SVOC. '"''"""'ll Pno- lU10Cl, l'C1h 
IIOUAl. _ ,. Cf0108. tolO, 7'11AL 0.0, ....-.,. .. IUMI 

c • S.mpte,t t1'• 1tt-•O lo, Atbft10l (P\.M o, Ea.ctron 
M•c:rotcoor) 

00 

00 

00 

i 1-:,o..1--1.--1.---------- ..L...-.!..-.+--l,__;~,_l..-----~ 
! BOfl'.HG Ml THOD" Dfrcl Pdol'I CLIVATIO.N ll[fUIDfCI' HA i IIOID+Ol.l D&AMl.fllll 1.S (Ill) 

i cwt1U.111G ,,., •" c~ OIIOUNO SUltFACI ntllA IIO!o NA 

ltOWlf(J 

"-""'....,'"'"-.. ew, ffft ttieow~--,.._ 

J 

~ i'--__________ _ _______ _;.. _______ _____ .., 

RP • HOO & LAOO Soil Sampling 7l71 SW O..rham R""d t , 
j AMEC Etrtn & Envlro,,,,,.nul, Inc. ~ 

LOG OF BORING 
HDD-207 ~ I ~:z~t~ngon ame ~ I 

:;'. 0-61M-10703-0 T59 T•I •I (50l)U!l-l400 P.'-_ _ ____________ .._F_,_._._, "'-{5_0_,,_a_z_o._1_89_? ______________ ..... ___ P_A_G_E_•_OF_, __ _, 
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SOIL DESCRIP TION 

Hght brawn S!L T. tow plas!ici1y, traco clay, sand. and 
grarwt. roots and rooctets (<- 1%): dry 

Mcdkll'II Sliff. roghl b<own CLAY. mecf,um ..... !icily."""' !oil. 
woad lragmenls, molst. 

Modi11m oo«se, oll'lle-gtay, fine SANO. mcaceous. 90W Pla&tr. 

~ff. ~:Cl.Av~esiii. ini~COOus~h~hpfisiTc:.1;.;- - -
IJlO!il 
~fooll.MTI ciense, olive.gray, fine SANO, mTcoceous. fow plin'iToty, 

*=:.:n1\:r::$ort. Olive-gray ClA Y some sN. mitacooua, i-,grf 
pl.i,licily; lllOISt. 

Becomes wet at 10.0 reel belo\v oround surfoee 

li<>dMi, dense, ol..-<11raY. fine. poo<ly Qfllciio'siiHD. few 
otga'*s (< 1 %) ttace s(l wet 

Totaldeplh• >5.0leelbelowl!founchurfoce Bonno•_., 
u Pot\ enctltinJeri,,g groondwalet cabh1. 

NOTE. 
a . Samples. a.nalyud for. voes (11808}, PUllddH fl011A). 
Herbleltleo (6'S1A), SVOCs lncludln 9 Phenol> (1270C), PCBs 
(IOl2A). MetalSc ('60108. 6020, 7'&71A), Oio.lnslfurans (1290) 

b • Sl'tnpt-e5 11"1at)'Ud to , roe (90GO ModJUod) 

c. . Samples a na.Jyted ror AsbestOI (PlM o, EJKuon 
MlctOilC.OPY) 

e rr 
~ 

! .. 
~ 

~ ~" F3 z 
~" ::, 

" 0" 
0 

< rr 

"' >ll! " 

15 

0 " w z z " w., ., 
"'< I!! " > U rr 
(/)~ 9 
" z w 

"- u: 

TESTING AND 
LABORATORY DATA 

a.c 

n 02~1 
LJ a.c 

n 0?'-(), u a. C 

n 026-01 LI a. c 

~-3~--'-~..__~~~~~~~ ~~~~~--'----'----;,__~~ ~ ~ ~ ~~~~~~--; 

"' i:.; BORING METHOO~ Direct Push 

I BOREHOLE DIAMETER 1.5 (In} 

i DRILL RIO: Tr11ck IUg G.apro~ 

ELEVATION REHlltNCE· NA 

GROUND SU RFACE ELEVATIOH1 NA 

: CONTRACTOR: Ceo-,Tech E•plorationsJKran.t S'rARTCAAO/TAC ID: NA 

i - LOGGED BY: J, Fassio, M, Kohlbe<kor ORIL.l.lNO DA TES: 1011812004 • t0/1812004 

REMA.A.KS· 

Hano aug:u !:IMO ''°"' a .o.:s.o N .i betow 9,ound. auffat:•. 

! __________________ _,_ __________ _ 
RP • HOO & LADD Soil Sampling 

AMEC Earth & Environmenta l, Inc. 

ame& LOG OF BORING 7376 SW Ourhom Road 

~ 
i 0-61 M-10703-0 T59 

Ponlnnd, Orogon 
USA 9722• 
T•I •1 (603) 539.3400 
Fa• •1 (503) 120-7892 

HDD-210 

PAGE 1 OF 1 



PROJECT: RPAC • POX BORING No.: IA-01 PAGE 1 OF 1 

E!e"Vation Reference: POX Datum Well Completed: NA 

Relative Ground Surface Elevation: 42.J Feet Relative Casing Elevation: NA 

:i:: 
th • • "' C. C. • 

,t) SOIL DESCRIPTION 
:::; _ 

E 
:,, : E c. 

• Cl m ,._ 

0 
::, ... U) - U) ... 

Mixed silt, Send, and gravel FILL with i-01-Q.(/1 

,_organics and rootlets. Neg \.01-1-CII 

Medium stiff, slightly damp, variegated, 
brown with iron-oxide stringers and 
blebs, slightly plastic, clayey SILT with Hl1-~1 

mica and trace fine-grained sand. 
evidence of NAPL. 

No Neg 

5 
Grading into sandy SILT at 5.5 feet. 1-01-5,5--01 

oose, damp. tan-brown, 1ne-gra1ne 
poorly gradeo, micaceous, slightly silty 

'SAND lense at 6.0-7.0 feet. ./ 
Neg 

Medium stiff, damp grading to slightly 
wet. tan-brown, non-plastic, slightly 
and micaceous SILT. 

10 
Total depth= 9.0 feel. 

15 

25 

m 
.! g' ,, 

C " =~ , . 
.l!! .. o-
0 • -. 
:,, IX'. (!) ;:: 

'lf.m .0 
0.0 

0.0 

0.0 

Boring Method:-Geoprobe 

Borehole Diameter (in.): 2.0 

AS-BUil T DESIGN 

Bentonite Chips 
Cap 

Hole was 
backfilled with 
bentonite grout 

U) 
UJ 

"' >
.J 

"' z 
"' 

RPAC 
UITE 

PACI[ 
SUITE 

IRPAC\ 
SUITE 

Jo~c__~~~~~~~~LE_G_E_N_D~~~c_____J~~.L...~..L.~~p=R=o'°"J"'E"'C"'T7N""U"'"11,1=s=E"'R'"":""'0'""'-6"'1..,.11,1'""-1""0'""7cc03-'"""0"'TS"'2,----, 

2.0-inch O .D. Geoprobe 
soil core sample 
with % recovered 

Drilling Started: 12/7/00 

Soil Analysis 
(8041, 8081, 8141A, 
8151A, 8290, 82608, 
8270, 601017000/200.7, 
747017471, NWT?~x. 
8082) 

Drilling Completed: 1217/00 

RPAC-PDX 
Portland, Oregon 

Al\llEC EARTH & ENVIRON11,1ENTAL, INC. 
7477 SW Te:h Center Dnve 
Portland, Oregon 97223-8025 
Phc:ne (503) 63!3-3400 FAX (503) 620-7892 

Logged By: S. Bourcy/L. JanczakJS. KohrslH. Nelson 
ti070:J\IA 1.DRW 

A-ol 



PROJECT: RPAC - PDX BORING No.: lA-02 PAGE 1 OF 1 

Elevation Reference: POX Datum Well Completed: NA 

Relative Ground Surface Elevation: •0.1 Feet Relative Casing Elevation: NA 

th 
,t) 

o 

5 

10 

15 

20 

25 

SOIL DESCRIPTION 

Mixed silty, sandy gravel Fl LL with 
rootlets. 

Medium stiff, damp, mottled, gray-
brown with iron-oxide stringers and 
blebs, slightly plastic, micaceous, clayey 
SILT with trace fin~rained sand. No 
evidence of NAPL. 

oose ta me ,um dense, mrnst gra mg 
to wet at base, tan-brown, fine-grained, 
poorly graded, micaceous, silty SAND. 

Total depth= 9.0 feet. 

:z m m 
0, 0. 0. m ::; -
> : E E o. 

• 0 . ~ 
~ ,_ "' - "' ,_ 

1--024-01 

Neg I-Q:Z-1-01 

Neg 

...0:Z-}.-0\ 

Neg 
i-02-5.s.-Oi 

Neg 

~ 

.! gi ,, 
e " =~ a m 

.!! • o-o m " . 
> a: " ;: tJ'.m .0 
0.0 

0.0 

0.0 

Soring Method:-Geoproba 

Sorahole Diameter (in.): 2.0 

AS-BUILT DESIGN 

Bentanite Chips 
Cap 

Hole was 
backfilled with 
bentonite grout. 

"' w 

"' > ., 
" z 
" 

IRPAC 
1 UITE 
IRPAC I 

1SUITEII 

RPAC 
UITE 

Jo~c__~~~~~~~~-LE-G~EN-D~~~.J.-~--'-~----'~~ ...... ~~p=R=o'"""J=E~CT~N~U~Nl~B=E=R:=·~0-~6~1=Nlcc-1c:Oc:7"'03-0'"""""'T"'52"""""--i 

2.0-inch 0.0. Geoprobe 
soil core sample 
with "lo recovered 

Drilling Started: 12/7/00 

IRPAC I Soll Analysis 
lsulTE I 1a041, 8081, B1•1A, 
'---- 81S1A, 8290, 82608, 

8270, 6010170001200.7, 
7470f7471, NWTPH-Dx, 
8082) 

Drilling Completed: 12/7/00 

RPAC-PDX 
Portland, Oregon 

AMEC EARTH & ENVIRONNIENTAL, INC. 
7477 SVV Tech Center Dnve 
Portland. Oregon 9722:?,-6025 
Phore (503) 63~3400 FAX (503) 62D-7892 

Logged By: S. Bourcy/L Janc:zak1S. KohrsJH. Nelson 
\107C3\IA2.0RW 



PROJECT: RPAC - POX 

: l:Jevatloo rteference; POX Datum Well Completed: NA 

Relative Ground: Surface Elevation: 45.3 Fe,et Relative Casing Elevation: NA 

0 

5 

10 

.. 

20 

,th 
.>t) SOIL OESCRIPTlON 

Mixed silt, sand, anc gravel "ILL 
(3/4-inch to 2.0-inch crushed rock and 

.! 
"' ::; 

::::., ; . " i ::, ;-

i 

{ $. 
'" . E E '" 

"0 
., ... ., - "' ... 

l,¢l-l-01 
: ·\railroad ballast). /' 
~ . 
• Black, foundry cast sand FILL with 

1 

\ occasional gravel, slag, and wood / 
\f!ebris·.--·········· I 
Dark gray. clayey SILT at 2.5-5. 75 feet. 
Decomposed. organic-like odor. 

Medium stiff. sl,gfiffy-damp, mottleo, 
gray-brown with iron-oxide stringers 
and blebs, slightly plastic, micaceous, 
clayey SILT with trace fine-grained 
,sand. No evidence fo NAPL. 
Grading into fine-grained, silly SAND 
to sandy SILT at 7.5 feet. No 
evidence of NAPL. 

Total depth ~ 8.5 feet 

LEGEND 

Neg 

i...0:U.-01 

" 

t 

2.0-inch 0.0. Geoprobe 
soil core sample 
with % reoovered 

iRPAC Sail Analysis 
/<slllTl" I (8041, 8081, 8141A, 
~ 8151A,8290,8260B, 

82:71l, 601017000/200.7, 
7470f7471, NWTPH-Dx, 
8002) 

BORING No.: IA-03 PAGE 1 OF 1 

.. 
"' m C 

;:: i:i 
.!! • 
0 • > a: 

' 'ifm .0 

0.0 

1. 1 

0.0 

0.0 

t 

~ -I " . 
0 -
~~I 

Bormg Method;-Geoprobe. 

Sort!hole Diameter {in,): 2.0 

AS-BUILT DESIGN 

en onite htps 
Cap 

Hole was 
backfilled with 
bentonile grout. 

RPAC -POX 
Portland, Oregon 

"' w 
"' > 
...I .. 
z .. 

PAC) 
SUITE\ 

AMEC EARTH & ENVIRONMENTAL, INC. 

74n SW Tech Center Drive 
Portland, Oregon 97223-11025 

1 Phone (503} 6::lS-3400 FAX (503) 620-7892 

'=o--ri"lli,..n-9""'s_ta_rte~d-; ·,-:2/Bl=o70 -------.,o"'ri"'lh,-. n-g"c'"o_m_p'"1e'"ted-:-, ""'1"'218=100:-=-,-----,-L-og.J..ged,~~Byc-, -=s-. =-aoUrcyJL.. J«inczaklS. Kohrs/H. Nelson 
\107C3\IA3.0RW 

J,._____ '-: 



PROJECT: RPAC • POX 
COPY 

________ __,:B:.::D:.:R!!l!.!N.::G~N:::_o::::·::._: _,IAc,.-:.:04:.::. -----·· PAGE 1 OF 1 

, Elevation Reterence: POX Datum Well ComplQtod: NA 

i R,Qtative Ground Surface Elevation: 44.$ Feet R~.ative Casing Elevation: NA 

0 

5 

20 

25 

>tit 

~CJ i 

I 

SOIL DESCRIPTION 

Medium dense, slightly damp, medium 
brown, silty, sandy gravel Fill and 
railroad ballast rock with rootlets. 
Loose, slightly damp, blacl<, fifie-g-=ra"'i"'n=+ 
foundiy cast sand FILL with trace slag. 
Sweet odor and soil staining. 
Wood debris mixed with foundiy sand 
FILL to 6.5 feet. Sand becoming 
slightly v,,et at 5.5-6.5 feet (perched 
water. 

e 1um 1 , s 19 y amp, mot! e 
brown-gray with iron-oxide stringers, 
slightly plastic, micaceous, cfayey 
SILT with trace fine-grained sand and 
occasional subrounded fine gravel 
(<1/4-inch). Moderate organic-like 
odor. 

Total depth = 8.0 feet 

Pos 

~ 

C. 
E 
mo "' -

t 
f 

I 

2J)-inch 0,0, Geoprobe 
&Oil core sample 
with % recovered 

IRPAC , Soll Analyois 
SUITE I (8041, 8081, 8141A, 
' a1s1A, a:l9ll, a:.i,;oa, 

8Zl1l, 601M000/200,7, 
7470/1471, NWTPH--Dx.. 
S082) 

Drilling Started~ 1217/00 Drilling Completed: 1217/00 

: Boring Method:-- Geoprotro 

! Borehole Diameter {in.): 2.0 

AS-BUILT DESIGN 

entornte 
Cap 

hips 

Hole was ! 
backfilJed with 

bentonite grout. i 

"' UJ 

"' ,_ .., 
< z 
< 

PAC' 
SUITE! 

R?AC-PDX 
Portland, Oregon 

AMEC EARTH & ENVIRONMENTAL, INC. 

7 477 SW Tech Cert er Onve 
i Panland. Q,egoo 97 223-8025 
I Phone (503) 639-3400 FAX (503) S21J..789:2 

Logged By: S, BourcytL. Janczak/S, Kohrs/H. Nelson 
\1\i-7:'.WA..t.OR'N 

,, 01-I 



PROJECT: RPAC - POX 

Elevation Reference: POX Datum 

Relative Ground Surface Elevation: 44.5 Feet 

,th 
~t) SO IL DESCRIPTION 

COPY 
Well Completed: NA 

Relative Casing Elevation; NA 

;; • • "' 0. 0. m 
:J - E • E c. > • • ~ 

BORING No.: IA-05 

.. 
Cl .! C 

.: =o 

.! • 
C m 

.,, 
C ~ 

~ • 0 -~ . 

Boring Method! Geoprobe 

Borehole Diameter (in.): 2.0 

AS-BUILT DESIGN 

PAGE 1 OF 1 

"' w 
"' >
../ 

"" z 
:, ... • Cl 

"' - "' ... >"' Cl ;: 
<( 

0 

5 

10 

20 

25 

Brown, silty sand FILL with rootlets. 
----------------+ 

Gravelly silt FILL to 2.5 feet. No 
evidence of NAPL. 

Black, foundry sand FILL with green 
slag to 5. O feet. 

Medium stiff, slightly damp, mottled 
gray-brown with iron-oxide stringers 
and blebs, slightly plastic, micaceous, 
clayey SILT with trace fine-grained 
sand. No evidence of NAPL. 

Total depth= 8.0 feet. 

Neg 

2.o-inc h 0.D. Geoprobe 
soil core sample 

RPAC Soil Analysis 
SUITE (8041, 8081, 8141A, 

c:..::.:..:..::.JI 8151A,8290,8260B, with % recovered 
8270, 601 Of7000/200. 7, 
7470n471, MWTPH-Dx., 
808:Z) 

OrJlllng Started: 1217100 Drilling Completed: 1217/00 

00 

RPAC-POX 
Portland, Oregon 

Bentonite Chips 
Cap 

Hole was 
bacl<fil\ed with 
bentonite grout. 

PAC 
SUITE 

AMEC EARTH & ENVIRONMENT AL, INC. 

74n s,/11 Ta:h Center Ori'IE: 
Portland, Oregoo 97223-<1025 
Phore (503) 63S-340'.l FAX (503) 620-7892 

Logged By: S. Sourcy/L. Janczak/5. Kohrs/H. Nelson 
\i0703llAS.0RW 

1/\ .-,r.::._ 



PROJECT: RPAC • POX 
COPY BORING No.: IA--06 PAGE 1 OF 1 

Elevation Reference: POX Datum Weil Completed: NA 

Relative Ground Surface Elevation: 43.0 Feet Relative Casing Elevation: NA 

0 

5 

•th 
,et) SOIL OESCRIPTlON 

Gravel FILL. 

Black, foundry sand FILL with some 
disseminated rootlets ana metal debris. 
Slight odor. 

· Hari:f,'blac_ R'fo g1a,;:9ra.·verF1Lus1a9· ---
!---l~e~1~u-:::m~s ;ill :it,-.i:g~ra~yai_rum~icacllfeeoPEiu~s~. ~c,:a:::-ye=y-1 

SIL T with trace sand. Slight organic-like 
od r. No evidence of NAPL 

Total depth = 8.0 feet. 

10---, 

20 

2S 

.:'! 
a. 
E 
mo 
"' -

Neg,.....,., 

• .. O> = ,S - " .!! m 
o m 
:> "' 
pJ>m 
U.0 

13 

22 

! Boring Method:- Geo probe 

Borehole Diameter {in.): z.o 

AS-BUILT DESIGN 

~--Bentonite Chips 
Cap 

Hole was 
backfilled with 
bentonite grout 

"' w 

"' >.., 
< 
~ 

· P.'lel 
SUITE 

3o-----------L-EG-EN_D ___ .J_ _ _;_ ____ J.-_.c...,"""'JECT NUMBER: 0-61M·10703·01'52 

2.0-inch O.D. Gooptobe 
son core sampJe 
with % recovered 

Drilling Started: 12/7100 

Soit Analysis 
{8041, 6081, B141A, 
8151A,8290,82608, 
8270, 601017000/200.7, 
7470f1471, NWiPH-Dx, 
8082) 

OrHUng Comp1eted: 1217100 

RPAC· POX 
Portland, Oregon 

I
AMEC EARTH & ENVIRONMENT AL, INC. 

tan SW Tech Center Dnve 
Portland, Oregon 97223-8025 
PI\Qne (503) 639-3400 FAX (503) 620-7892 

Logged By: S. Bourcy!L Janczak 11070;JUA6. Df;!W 



PROJECT: RPAC. POX 

Elevation Heferem:e; POX Oat..;m 

Relati'lie 3:round Surface Eievatioo: 49.:J Feet 

SOIL DESCRIPTION 

COPY 
Well Completed: NA 

Relative Casing Elevation: NA 

• C. 
E 
•a "' -

BORING No.: IA--07 
J Soring Method:- Geoprobe 

Bomhole Olameter (in.): 2.0 

AS-BUILT DESIGN 

PAGE 1 OF 1 

"' w 
"' ;,. .., 
" z 
" 

6.0-inch layer of concrete underlain by te.pm1 u.o oncrete ap 

~1 f~-1 
.c1.~Y: silt,_san_d, an~_gravel _FILL rr1ix ..... . 

J Medium stiff, slightly damp, variegated, 

5 _ • reddish brown with gray blebs, slightly 
1 plastic, clayey silt FILL with 'ine-grained 
-J· sand and occasional smaJI, rounded 

gravel. 

iO 

·< 

20 

ZS 

Total depth = 8. 0 feet. 

2.0-im:h O.D. Geoprobe 
soil core sampte 
'Ntth % recovered 

Orlllln9 Startoo: 12114100 ... 

RPAC . Soil Analys,s 
SUITE (8041, 6081, 6141A, 

__ I 3151A, 8290, 8260B, 
8:m>, 601017000/200.7, 
747017471, NWTPH-Ox, 
8082) 

Drilling Completed: i 2114Kl0 

0.0 

00 . 

oot 

i 

1 
RPAC- POX 
Portland, Oregon 

Hole was 
backfilled with 
bentonite grout. 

iPAC• 
..§UITE, 

1 

AMEC EARTH & ENVIRONMENT AL, INC. 

7477 SW Tech Cer<er Drive 
Portland, Oregcn 9722'.Hl025 
Phooe(503)639'3400 FAX (503)620.78S2 

Logged Sy: $., Bourcyll.. Janc:z.ak/F. Kumano 
1101~\lAl,:::iAw 

1 ,....... 



PROJECT: RPAC - POX BORING No.: IA-08 PAGE 1 OF 1 

Elevation Reference: POX Datum Well Completed: NA 

Relative Ground Surface Elevation: 45.1 Feet Relative Casing Elevation: NA 

0 

5 

10 

n 
.~t) 

•< 

20 

25 

SOIL DESCRIPTION 

Light brown, micaceous, clayey silt FILL 
with trace sand . 

. ········ ...... ········ .................... / 

Mottled, fine-grained sand FILL grading 
into gravelly silt Fill. 

Black, foundry sand Fl LL. No odor. 

Medium stiff, damp, light brown to 
mottled, micaceous, clayey SILT with 
trace fine-grained sand. 
Clayey SILT with trace fine, subrounded 

ravel. No evidence of NAPL. 

Total depth= 8.0 feet. 

2.0-inc.h 0.0. Geoprobe 
soil core sample 
with % recovered 

• 0. 
E 
• CJ ., -

Neg J--06-6.-01 

Soil Analysis 

.'! 
Q.. 
E a. • ,_ 
., I-

• C, 
_S! C 

= i5 .'! • 
0 • >"' 
'lfm 

.0 

0.0 

0.0 

(8041, 8081, 8141A, 
8151A, 8290, 82608, 
8270, 601017000/200. 7, 
747017471, NWTPH-Dx, 
8082) 

"C 
C . 
~ • o-• • " ;:: 

Boring Method:- Geoprobe 

Borehole Diameter (in.): 2.0 

AS-BUILT DESIGN 

Bentornte Chips 
Cap 

Hole was 
backfilled with 
bentonite grout 

RPAC- POX 
Portland, Oregon 

"' w 

"' >_.., 
< z 
< 

PAC 
SUITE 

AMEC EARTH & ENVIRONMENTAL, INC. 

7477 SW Tech Center Dnve 
Portland, Oregon 97223--<l025 
Phone (503) 63S-3400 FAX (503) 620-7892 L Drilling Stac-rtc-ed-c-: "'1"'21"7"'10"0--------=o-n1"'n-n-g"'c'""o_m_p.,.le-:t-ed,:-:-,,.1217=1=0-=o~-----.L-0Lg-ge-d=B-y-, -=s-. "°B-ou-,-c"'yl"L-. "'Ja"n'"'cz=a"kl"'S-. K=oh;-rs-,.-1H'".-:-N,-e"'1s"'o..,n....J 

110703\IAB.DRW 

I /\ -~~ 



PROJECT: RPAC • PDX BORING No.: IA-09 PAGE 1 OF 1 

Elevation Reference: POX Datum Well Completed: NA 

Relative Ground Surface Elevation: 45.9 Feet Relative Casing Elevation: NA 

<h 
. • ..et) 

o 

5 

10 

20 

25 

:l: 
"' SOIL DESCRIPTION ::i _. >. 
:, o! 

Coarse, silty, sandy, gravel FILL A 
'- ( crushed, 3/4-inch minus). 

Medium stiff, damp, dark gray, slightly 
plastic, clayey silt FI LL with 
disseminated, small, subrounded to , 
subangular gravel (<1/4-inch). / 
VOC-like odor and stainin to 2.5 feet Neg 
Medium stiff, slightly damp, brown with 
iron-oxide blebs, slightly plastic, clayey 
SILT with trace fine-grained sand. Mil~/ 
insecticide-like odor detected at 3.0-5'1 
feet. 
Medium dense, slightly damp to damp, 
tan-brown, fine-grained, poorly graded, 

I micaceous, silty SAND at 5. 75-8.5 feet. 
Slight greenish staining. Moisture 
content increases at 7.5 feet. 
Grading into sandy SILT at 8.5 feet. 
No odor detected. 

Total depth~ 9.0 feet. 

• • C. C. • 
E E c. 
•c • ,.. 
"' - "' t-

J.Oi.-2-01 

2.D-inch O.D. Geoprobe 
5oif core sample 
with % recovered 

~ Soil Analysis 
I'.:'':'.'..':'.. I (8041, 8081, 8141A. 
~ 8151A. 8290, 82606, 

m 
C> 

.!!! " .:: '=ri 

.!!! • 
C • > er 
1/fm .0 

0.0 

0.0 

0.0 

8270, 6010r70D0/200.7, 
747017471, NWTPH--Dx, 
8082) 

Drilling Started.: 12/8/00 Drilling Completed: 12/8100 

. 

" " " , • 
C -" . 
0 ;: 

Boring Method:- Geoprobe 

Borehole Diameter {in.): 2.0 

AS-BUILT DESIGN 

Bentonite Chips 
Cap 

Hole was 
backfilled with 
bentonite grout. 

RPAC-PDX 
Portland, Oregon 

"' UJ 

"' >
.J 

"' z 
"' 

PACI 
SUITEI 

PAC 
SUITE 

AMEC EARTH & ENVIRONMENTAL, INC. 

7477 SI/V Tech Center Orive 
Portland. Oregan 97223-8025 
Phare (503) 639-3400 FM (503) 620-7892 

Logged By: S. Bourcy/L. JanczakJS. Kohrs/H. Nelson 
\10703\iAg ORW 

11\- r,Q 



PROJECT: RPAC - POX 

Elevation Reference: POX Datum Well Completed; NA 

Relative Ground Surlace Elevation: 46.2 Feet Relative Casing Elevation: NA 

Jth 

at) 

a 

5--; 

10 

~l 
I 

25 

SOIL DESCRIPTION 

Mixed silty, sandy gravel FILL with 
rootlets. 

Medium stiff, slightly damp, brown, 
slightly clayey, micaceous SILT with 
trace rine-9rained sand. Very low 
plasticity. 

Loose, damp to slightly wet, tan-brown, 
homogeneous, fine-grained, poorly 
graded, micaceous SAND with trace si:, 
Insecticide-like odor detected at 5.5-7. 
\feet (confined in sand lense). / 
Medium stiff, damp, tan-brown, fine, 
micaceous, slightly clayey, sandy SILT 
No odor detected below 7.0 feet. 

Total depth: 9.0 feet. 

2.0~inch O.D. Geoprobe 
soil core sample 
with % recovered 

:c • • ~ C. '§. 111 .., - E I>: C C. . " • > :, ... "' - "' >-... 

l-!0-2-01 

Neg 

l•TD-6-01 

I ., 

Soil Analysis 
(8041, 8081, 8141A, 
8151A, 8290, 82608, 
8270, 6010/7000/200.7, 
7470f7471, NWTPH-Ox, 
8082) 

Drilling Started: 12/BIOO Drilling Completed: 12/8/00 

BORING No.: IA-10 PAGE 1 OF 1 

• . "' - C :;:; ti 
!!! • 
Q • 
> a: 
opa 

0.0 

0.0 

0.0 

" C • , . 
0 --. " ;: 

Boring Method:- Geoprobe 

Borehole Diameter (in.): 2.0 

AS-BUILT DESIGN 

Bentonite Chips 
Cap 

Hole was 
backfilled with 
bentonite grout. 

"' w 
"' )-.., 
< z 
< 

PAC 
SUITE 

I 

I PACI! 
l§iJ1TE1 

RPAC-POX 
Portland, Oregon 

AMEC EARTH & ENVIRONMENT AL, INC. 

74n SW Tech Center Drive 
Portland, Oregon 9722H025 
Phare (503) 63~3400 FAX (503) 620-7892 

Logged By: S. Bourcy/L Janczak/S. Kohrs/H. Nelson 
\10703\IA',C DRW 

,!\ 17'. 



PROJECT: RPAC • POX 

Elevation Reference; POX Oatum Well Completed: NA 

, Relative Ground Surlace Elevation: 44.9 Feet Relative Casing Elevation: NA 

'h, 
.et) 

0 

SOIL OESCRIPTlON 

3 0-lnch layer of gravel Fill (3/4-inch 
minus) underlain by mixed, black, 

:!:! 
"' ::; -
> : 

':»-

i 
E 
• 0 

U] -

\ foundry cast sand FILL with gravel and / 
' / 

5 

10 

20 

\§@gj_QJ,5 feet, / 1· Medium stiff, slightly damp, mottled, 
olive-gray-brown. clayey, micaceous silt 

- .::~~~hi~:r~r~~~r~i~~-~~d and. --
Grading into gray, non-plastic, slightly 
clayey Sil T with fine-grained sand. 

... icid~like Q{J_.Q!:c, ______ .----
ernum stiff. damp. variegate , 

tan-brown with iron-oxide, non-plastic, 
fine, sandy SILT Insecticide-like odor 
detected to 7. 5 feet. 
Tan-brown, fine-grained. slightly silty 
SAND at base (8.0 feet). Sand and 
moisture content increasing. 

Total depth= 8.0 feet 

Neg HHH:11 

T , 2.0-inch 0.0, Geoprobe 12 soil core sample 
_r:: with °.4 reco¥ered 

RPACi Soil Aoaly$is 
lo",.;.c I (8041, 8081, 8141A, 
E'.'..':J 81 51 A, 8290, 821!0B, 

8270, 6010/7000/200.7, 
7470'7471, NWTPH-OX, 
8082) 

Drilling Started: 1218/oO Drilling Completml: 1218100 

BORING No.: IA-11 PAGE10F1 

~ . "' ::::: .!: - " ' .!2 l'f I 

Q • 

::, "' 
p_pm 
U.0 

12 

0.0 

1 

j 

Borini;i Method;- Geo probe 

Borehoie Diameter {i.n~)! 2.0 

" ' § ~ : AS.SUILT DESIGN 
Q 7l 
i; 3: 

RPAC-PDX 
Portland, Oregon 

hips 

Hole was 
baclcfi 11 ed with 
bentonite grout. 

"' w 
u, 
>
..J 
< z 
< 

IRPA 
SUITE 

.,. 

'AMEC EARTH & ENVIRONMENTAL, INC. 
7477 SW Tech Center Diwe 

! Portland, Oregon 97223-8025 
'Phare (503) 539-340J FAA (503) 520-7892 

Logged Sy: s·. Sourcy ',l07Q3\IA11.0RW 



PROJECT: RPAC - POX 
re-lwat;-~n Reference: POX Datum 

COPY 
Well Comoleled: NA 

1 Relative Ground Surface E!evation: 44.9 Feet Rr,;tat!ve C;asmg: Elevation: NA 

0 

SOIL OESCf\\PT)ON 

Mixed silt. sand, and gravel FILL with 
.,rootlets. ___________ ,,--

Dark black, fine-grained, foundry cast 
, sand FILL with flux and miscellaneous 

"'! metal debris and occasional gravel. 

' l: 
: o> 
' -' ..J -
I> : 
I ::i I-

m 
Q, 
E 
mo 
"' -

T Meaium stiff, damp, vanegated, 
s ~ gray-brown with iron-oxide stringers 

I and blebs, fine-grained, micaceous, 
- sandy SILT with trace clay. 

T 
. Neg i-l2sWI 

10 

20 

25 

Insecticide-like odor. No evidence of 
NAPL 

Total depth= 8.0 feet. 

::tO-inch 0.0. Geaprobe 
son core sample 
with % recovered 

t 

[RPAC I Soll Analysis 
:SUITE\ 1!!041, IIOl!1, B141A, 
...:.:_::J 81 s1A, 8290, s21;oa, 

BORING No.: IA-12 PAGE 1 OF 1 

~ . "' = !£ - "' .!J! N 
0 • 
> ct: 

(ppm) 
2.5 

1.9 c. 

I 

l Boring Method:- Geoprobe 

Borehole Diameter (ln.): 2.0 

AS-BUILT DESIGN 

RPAC-PDX 
Portland, Oregon 

entomte Chips 
Cap 

Hole was 
backfilled with 
bentonite grout 

"' w ., 
>
,.J 

"' z 
"' 

: I 
lRPAC]I 
_SUITE! 

1 
i 

l 

8270, 60100000/200.7, 
7470f7471, NWTPH-Ox, 
B082) AMEC EARTH & ENVIRONMENTAL,, INC. 

7477 SN Tech Cerrter- onve 

DriJHng Started: 12/8/00 i:)rftung Completed: 11/SfOO 

Penland, Oregon 97223-<1025 
Phcne (503) e39-3400 FAX (503) 620-7692 

Logged ay: s. aourcytL Janaak/S, KohrsJH, NelSon 
\'10703\lA 11.0RW 

1 r, . \ "7' 



PROJECT: RPAC - Sta e II 

Elevation Reference: City of Portland Datum Well Completro: tilA 

Relative Ground Surface Elevation: 46.04 Feet Relatfve Casing Elevation: NA 

Depth I 
'Teet) 

0 

5 

10 

15 

20 

25 

SOIL DESCRIPTION 

3.0-inch layer of asphalt over silty, 
sandy gravel Fl LL 

Soft, moist to wet, brown, clayey SILT, 

Grades lo stiff, bluish gray. 

Grades to soft. 

Grades to saturated, clay conlent 
decreases. 
Soft, saturated, mottled gray and light 
brown SILT with trace clay. 

Total depth= 13.0 feet. 

LEGEND 

2.()..inch I.D. Direct Push 
soll core sample 
wfth % recovered 

ij Soll sample interval 
submitted for 

, labotatory analysis 

Neg 

Neg A-2'<>-02-0 

Neg 200-0a-01 

Soil Analysis 
(Test Method Shawn) 

Drilling Started: 11127101 Drilling Completed: 11127/01 

BORING No.: IA-200 PAGE 1 OF 1 

Boring Method: Direct Push 

Borehole Diameter (in.): 3.2:5 

AS-BUILT DESIGN 

Asphalt Cap 

f0.~-Hole was 
backfilled with 
bentonite chips. 

"' w 
Ill 
>
-' 
<( 
z 
<( 

)-2tl0-00-01 ~1 S15!A, 
827DC, 

. ::::.. I 
~ 

m1A, 
8l6aB, 
8'270C, 
8081A, 
NAP 

1-200-08-01 

I 
B151A, 
82~08, 

. 8270C, 
aoa1A, 
NAP 

PROJECT NUMBER: ~61M-10703-0 T52 

RPAC - Stage II 
Portland, Oregon 

AMEC EARTH & ENVIRONMENTAL, INC. 
7376 SW Dumam Road 
Portland, Oregon 97224 
Phone(503)639-3400 FAX(503)620-7692 

Logged By: s. Adams/J. FassiolH. Nelson 
\1D71J3\tA200.DRW 



PROJECT: RPAC - Sta e II 

: Elevation Reference: City of Portland Datum WeU Completed; NA 

' Relative Ground surlace ElevatJon: 44.43 Feet Relative Casing Elevation: NA 

llapth 
(feet) 

0 

s 

10 

15 

20 

25 

j! .! 9 a. 
SOIL DESCRIPTION ' -' - E 

i > = mo :, >- ., -
Silty gravel FILL. Neg h201-00-01 

-·-- --- -· --·----------- ---------------·-···-·- Neg """""'~' 
Medium stiff, brown, clFr,Jey SILT. 
(Crystalline veins present.) 

Grades to soft between 5.0-6.0 feel. 

Medium stiff below 6.0 feet. 

Grades to saturated at 10.0 feet. 

Clfr,/ content decreases at 10.0-13.0 
feet. 
Soft, saturated, brown SILT with some 
clay. / ---------···· ...... "' ---· -· ... / 
Medium stiff. moist, brown. clayey 
SILT. 

Total depth = 14.0 feet_ 

LEGEND 

j 2.0 .. inch I.D. Direct Push 
soll core sample 
with % recavered 

I Soll sample Interval 
submitted for 
laboratory anaiysis 

~-~ 

Soll Analysis 
(Test Method Shown) 

[)riffing Starl:od: 11127/01 Drllllng Completad: 11127/01 

BORING No.: IA-201 PAGE1 OF 1 

2.7 

2.7 

Boring Method: Direct Push 

Bcm1hole Diameter {in.): 3.25 

AS-BUil T DESIGN 

~*--Hole was 
backfilled with 
bentonite chips. 

·" 

., 
w 
"' >
..J 
..: 
2: 
..: 

e2~. 
111MA. 
!MliB, 
112iDC, 
8Q:W, 
80B1A, 
NAP 

l::2P1-i!2-Q1 

I il51A. I 
826()8, 
11270C, 
8081A, 

1 

NA? ' 

i-201-06-01 -e,~ 
62&16, ' 
tl10C, 
acau,, 

' "' 

PROJECT NUMBER: 0--61M-10703--0 T52 

RPAC - Stage II 
Portland, Oregon 

AMEC EARTH & ENVIRONMENTAL, INC. 

I 7376 SW Durham Road 
'Por11and. Orega:, 97224 
Phone (503) 639-3400 FAX (503) 620-7892 

Logged By: S. Adams/J. FasalolH. Nelson 
· \10703\loi.201,Dio:W 

1h~1n! 



PROJECT: RPAC - Staae I BORING No.: lA-202 PAGE1 OF1 

Elevation Referen": City of Portland Datum WeU Completed: NA 

Relative Ground suf'fae& Elevation: 45.04 Feet Relative Casing Elevation: NA 

Depth 
(fuel) SOIL DESCRIPTION 

D 
Stiff, moist, gravelly silt FILL with trace Neg '""'°""' 88,GRABl~l 

- \ ~nd and organics and some FILL /' + · · 
• 'feblis (brick) ., ~ ., 

• T olal depth = 0.5 feet. 

. . . 

s- -. . . 
- . 

. 
- .. 

- ., 

10- -- -- - --
- . .. 
- -

- .. 

- . 

15- . 
. . 
. 

. ., .c . 

. ., 
20- .... . 

. ., 

. ' 

. . . 

. ' . 

2S- . 

-
. ·- . 

- .. 

' . 

' Boring Method: Direct Push 
i eorehoto Oiametar (ln.}: 3,25 

AS-t!UIL T DESIGN 

., 
w 
!i: 
-;#_ 
z 

i .. 

-

-• 

·,-

T 
l 

.. 

. . 

.. 

1 30-.l..---------------...1.-.....:.--..l--.....l.---'l...---'--------------'----l 
LEGEND 

GRAB Surtace Grab sample 

Soil sample interital 
submitted for 
laboratory anatysis 

Orilllng Started: 1211:1101 

Soll Analysis 
(TM! Method Shc,wn) 

Ori!lln9 Completed: 12113101 

PROJECT NUMBER: 0-61M-10703-0 T52 

RPAC • Stage II 
Portland, Oregon 

AMEC EARTH & ENVIRONMENT /1,J.., INC. 

7376 'iN>/ Dumam Roe<l 
Portland, °"'900 97224 
Phone (503) 539-3400 FAA (SC3) 620-7892 

Logged By: S. Boun,y/J, FN81o 



PROJECT: RPAC - Sta e II BORING No.: IA-203 PAGE 1 OF 1 

Elevation Reference: City of Portland Datum Well Completed: NA 

Relative Ground Sur1ace Elevation: 44.S4 Feet Relatlve Casing Elevation: NA 

Depth 
(feet) 

0 

5 

10 

15 

20 

25 

SOIL DESCRIPTION 

Silty gravel Fl LL. 

---·. --- - -· -- - -·. -- -- --- --------·- --------------

Medium stiff, moist, brown, clayey SILT. 

Grades to soft, wet between 4.D-7.0 
feet. 

Grades to stiff at 7.0 feet. 

· clay coiitenraecreases a1 ·10:s~ '11 :a· -- ---
feet. 
Medium stiff, wet, brown SILT with 
some clay. 

Total depth = 13.0 feet. 

LEGEND 

:c • • "' 0. 0.. ::; - E > : E "-
•o . "' :, I- ., - ., I-

Neg l-203-00JJ1 
o,p 
LS 
MS™SD 

Neg 1-203-02-01 

°"P 
MSIMSD 

Neg'"""',.'" 

2.0-inch I.D. Direct Push 
sell core sampki 
with 'le recovered D Soll Analysis 

' (Test Method Shown) 

Dup Duplicate sampki 

LS Lab Spllt sample 

m . "' =-= - ,, .!! • 
0 • 

> "' 
{fm 

.1 

0.0 

0.0 

0.0 

0.0 

I Solt sample interval 
submitted for 
laboratory analysis 

MSI Matrix Spike/Matrix 
MSD Spike Duplicate sample 

Drilling Started: 11/28/01 Drllllng Comp-: 11/28101 

,, 
C ~ 
~ . 
0 -~ . 
Cl ;: 

Boring Method: Direct Push 

Borehole Diameter (in.): 3.25 

AS-BUILT DESIGN 

Hole was 
backfilled with 
bentonite chips. 

"' "' ., ,.. 
.J 

" z 
" 

8290, 
B151A, 
82608, 
ll'70C, 
0020, 
9081A, 
NAP 

8151A, 
82608, 
BZJOC, 
8081A. 
NAP ,., 
B151A, 

''"~ B27DC, 
B-081A 

PROJECT NUMBER: 0-61M-10703-0 T52 

RPAC - Stage II 
Portland, Oregon 

AMEC EARTH & ENVIRONMENTAL, INC. 

7376 SW Dumarn Roa:i 
P<>11and, Oregan 97224 
Phare {503) 639-3400 FAX (503) 62D-7892 

Logged By: S. Adams/J. Fassio/H. Nelson 
\1070JUA20J.0RW 



PROJECT: RPAC - Sta e II BORING No.: IA-204 PAGE 1 OF 2 ~c______~~~~~~: Elevation Rsference: City of Portland Oatum WeU Completed: NA Boring Method: Direct PU$h 

Relatlve Ground Surface EJevation: 43.60 FHt Relatlve Casing Elevation: NA Borehole Diameter (in.): 3.25 

Depth ·-) 
G 

5 

.., 

10-· 

15 

l 
20 

SOIL OESCRJPTION 

OA-inch layer of topsoil over moist to 
\ wet. dark brown, clayey SILT with / 
~rg_anics (woody debris). / 

•••••~~M••••• J 

Stiff, moist, medium brown, clayey SILT 
(medium plasticity). 

·Graaes to'M'ii ais.o ree1:··- · ·~·-··-·· 

Clay content decreases. 
Medium stiff, wet to saturated. medium 
brown SILT with some clay (nonplastic). 

Total depth = 11.0 feet. 

LEGEND 

1.G-lneh 1.0. Oll'lld: Push 
:soil cores.ample 
with % recov<irw 

I Soit sample intel"llal 
submitood fof 
laboratory analysis 

i :E e 
' .. Q. 

:::; - E > ~ mo :::, ,! "'-
Neg t,,.;w..00--01 

Neg ,,..,,_,, 

Neg 

Soil Analysis 
fros! Mott>od Shown) 

Drilling Started: 11127/01 Orilllng Completed: 11/ZT/01 

~ 

e "' - C: =~ 
.!! " 0 = > o:'. 

F/J:m .1 

2.7 

3.9 

4.5 

" C ~ s ! 
oi 

AS.SUIL T DESIGN 

< 
e2 ' 
6151A 
t~I!, 
srnx: 
1Qll!A, 

. "'' 
IA-2(.).1..!lM,: 
ffio.!( 
8151A ' 
S::~B, 
snoc, 
6081A. 

t_~P-L 

1~04-os.-Ol 
«lS1,4.. 
32&0B., 
e2rnc, 
&Ol!A, 

'"'' 

PROJECT NUMBER: 0-61M-10703-0 T52 

RPAC - Stage II 
Portland, Oregon 

AMEC EARTH & ENVIRONMENT l>J..., INC. 

7376 SW Durnam Road 
Portland, Oregon 97224 
Phone (503) 639-3400 FAX (503) 620-7892 



PROJECT: RPAC • Sta e II 

Elevation Refen.:tnca: City of Portland Datum Well Complated; NA 

R&Jative Ground Surface Elevation: 43.60 Feet Relative Casing Elevation: NA 

Depth 

'"""i 

0 

5 

10 

15 

10 

SAMPLE LOG 

Pushed sampler 2.0 feet, recovered 1.5 
feet. 1.0 foot of slough in hole. 

Pushed sampler 2.5 feet, recovered 2.5 
feet. 1. a foot of slough in hole. 

Total depth " 9.5 feel 

LEGEND 

lE 
"' :::; -
> " ::, /! 

.!! .!! 
Q. e- .. !; ,:: Q. 
.. Cl .. ,,. 
u, - ., ,. 

Il 3,0-lnch LO. Undisturbed 
Shelby Tube sample Mt.11 
%mcovared 

~1 Soil Analysjs 
1. __ [Te& Method Shown) 

Drilling Started: 1213/!l1 Orllling Completed: 1213101 

BORING No.: IA-204 PAGE2 OF' 2 

" .. "' = .E -" .!! .. 
0 " : > ~ 
ppm 

" C ~ 
0 .. 
0 -

15 i 

Boring Method: Oirvct Push 

Borehole Diameter (In.): 3.25 

AS-BUILT DESIGN 

i&'l.~-Ho!e was 
backfilled with 
bentonite chips. 

PROJECT NUMBER: 0-61M-10703-0 T52 

RPAC • Stage II 
Portland, Oregon 

IAMEc EARTH & ENVIRONMENTAL, tNc. 

i 7376 fM/ Durham Road 
: Portland, Oregon 97224 
j Phooe (503) 6'39-3400 FAX (503) 620-7892 
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PROJECT· RPAC - Stage Tl BORING No • IA-205 .. PAGE1 OF1 

Elevation Reference; City of Portland Datum Well Completed~ NA Boring Method: DJrectPush 

Relative Ground Surface Elevation: 45.45 Feet RielaUve Cuing Elevation: NA Borehole Diameter (in.}: 3.25 ., 
w • ;; "' 10..pth .!! .!! . "' ,, >-a, a. Q.. =~ C • AS-BUil T DESIGN ..J 

(f-1 1'i01L DESCRIPTION :; - E e er. .!! .. ~ . 
I " > w o- z 

:::, {!. :: 0 
. :,. 0 <I> . 03 " "' ... > i:r ; 

0 1-2(1,$,,00.(11 i;:;_uRAE \ppm , , 
"Dense, moist, silty gravel FILL ' 0-2 . 

. 

-
-

5-

-
-
-
-

10-

. 

-
-

15-

. 

-
. 
. 

20-

-
-
-
-

25-

. 

. 
..; 

30 

Total depth = D.5 feet. 

GRAB Surface Grab sample 

Soil Hmple lnte<val 
submitted for 
laboratory ar,atysls 

Drilling Started; 11/28/01 

/ 

e ' 

C 

. 

.. ·- '. 
. 

. 
. -· 
. . 

·- -
. . 

. 

. 

·- ·- . . 

. 

.. 

. 

-~ . --

.. 
. 
i 

LEGEND 

Soll Analysls 
(Tost Method Sh°""I 

Oni!ing Compklted; 11/28101 

.. 

.. 

-~ 

-

-. 
. 

--
. . 

': 82!ill, 

=I : 8270C, - . eot~ 

·-

-~ 
.. 

' 

" 
-~ 

' ., 

. -
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PROJECT: RPAC - Staoe II BORING No.: IA-206 PAGE 1 OF 1 

Elevation Reference; City of Portland Datum Well Completed: NA .1 Soring Method; Direct Push 

Relath1e Ground Surface Ele1i1ation: 39.39 Feet Relative Casing Elevation: NA I Borehole Diameter {in.): 3.25 "' w 

SOIL DESCRIPTION 

"Moist, silty gravel FILL (Odor present.)~ 
-

Total depth= 0.5 feel. 
-
-
-

s- -
-
-

-

-
10- . 

-

-

-

- r 
15- --

-
-
-
-

20- --
- --
- ' 
-
-

I 

2S- -- --
-
-
-
- .. 

. 

. 

m . '" ::;;; ·= 
- "C !'. • 
0 • 
> a: 
ppm 
0.1 

. 

·" 
. , 

. 

- - --

.. 

.. 

- --

. 

" 

- - --
.. .. 
.. .. 

" 

" § ~ AS-BUILT DESIGN 
~ iii 

<!) ;;: 

-
. . 

U) 

~ .. 
z .. 

>206-00--01 
a290, 
B151A. 
B27DC, 
~a2a, 
8081A, 

""' 

--
. 

. -
.. 

--

.. 

.. 

30-.L..------------------'--"--------'-----"-------'---'---------~~~~__L_~~""" 
LEGEND 

GRAB Surface Grab sample 

Soil sample Interval 
submitted for 
laboratory analysis 

Orllnng Started: 11/27/01 

D Soil Analys\a 
[rest Method Shown) 

Drilling Completed: 11/27 /01 

PROJECT NUMBER: 0-61M-107D3-0 T52 

RPAC - Stage II 
Portland, Oregon 
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PROJECT: RPAC - StaQe II BORING No.: IA-207 PAGE 1 OF 2 

Elevation Reference: City of Portland Datum Well Completed: NA 

Relative Ground Surface Elevation: 37.79 Feet Relative Casing Elevation: NA 

Depth 
(feet) SOIL DESCRIPTION 

Silty gravel FILL. (Slight odor.) 
0 

Neg (ppm 
'./ f.. 0.1 - -----····----------------------····------

High percentage of organics (fiberous 
- plant matter) at 1.0-1.5 feel -sNeg ~-5.7 

- Medium stiff, moist, brown, dayey SILT. 

-

5- - - -
- 5.7 

- Clay content decreases. ., J~ . 
-

- Medium stiff, moist to wet, brown Sil T -
with trace clay. 

10- -- -- - . .. 
- 5.7 

-r--,_ Grades to saturated at 12.0 feet. 

- Total depth = 12. 0 feet. 

- -
15- -- - -- " 

-
- -

-
- . 

20- - -

-
- . 

- . 

25- - ... - - - -

-
-
- -- -

- -

" C • , . 
0 --. " ;:: 

' 

Boring Method: Direct Push 

Borehole Diameter (In.): 3.25 

AS-BUil T DESIGN 

~~~~- Hole was 
backfilled with 
bentonite chips. 

~ 

"' UJ 

~ 
..J .. 
z .. 

1-207-00--01 
I 8290, I 

8151A, 

K270C, I 
e:020. 

I ~~8~A. I 
• 1·'07~1 

!2110, 
8H1A, 
8260B, 
B270C, 

_ I mo. 
80B1A, 
NAP 

--
. 

--

-

-

-
--

-

-

-

--
30-~----------------~--~--~--~--'---'--------------~----, 

LEGEND 

1 2.0-lnch 1.0. Direct Push 
,;::: soil core sample 

_.1L with % recovered 

! Soll sample interval 
submitted for 
laboratory analysis 

,-,I I Soil Analysts 
___j (Test Method Shown) 

Orilhng Started. 11127/01 Dr1111ng Completed. 11/27/01 
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PROJECT: RPAC • Staoe II BORING lllo.: IA-207 PAGE :Z OF :Z 
1 Elevation Refer&flee; City of Portland O.rtum Well Completed: NA 

Relative Ground Surface EJevat.lon: 37.79 Feet Relati'YQ Casing Elevation: NA 

Boring M<l!hod; Dirad Push 

Bot&hol,es Otameter fin.}: 3.2S "' w 

SAMPLE LOO 

0 

. 

_ Pushed sampler 2.3 feet, recovered 
2.3 feet. No slough measured in hole. 

. 

5- Total depth = 4.8 feet . 
. 

-
. 

; 
.' 

10-

. 

. 

. 

-
15-

-
. 

-
-

20-

-
-
-
-, 

251 
-
-
-

30-~---~~~---
LEGEND 

·• 

·• 
-

. 

-

--

. -

. 

-

-
. -
. 
. 
. 

I m 

-• 

' 

... 
.. 

. 
... 
. 
.. 

ii .. 
E o. m ,_ 
"' I-

' 

' 

' . 
. --

' 

. 

-~ -

. 

. 

-- --

. . 
-. . -
. . 

AS-BUil T DESIGN 

-Hole was 
backfilled with 

l 
. 

·-

.. 

-

PROJECT NUMBER: 0-61M-10703-0 T5:Z 

RPAC • Stage II 

"' ,.. ... 
<( 
z 
<( 

~11::,: 3.0..fnch LO. Und~turbed 
~ Shelby T Ube sample with ! !

Soll Analysi& 
(Test Method Shown) Portland, Oregon 

....l..L,; % rvcoven>d ~-~ 

AMEC EARTH & ENVIRONMENTAL, INC . 

• 7376 SW Durham Rm:l 

[ 
o·r11=nn_g_s-=----,:-,12131-~01---

• Panland, Oregon 97224 
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PROJECT: RPAC - Sta e II 
Wii!II Completed: NA Elevation Reference: City of Portland Datum 

Relative Ground Surface Ele~ation: 36.73 Feet Relati~e Casing Elevation: NA 

Depth 
'feet) 

0 

5 

10 

15 

20 

25 

SOIL DESCRIPTION 

Dense, sandy, silty gravel FILL. 

(Slight odor.) 
·smt: ·moisC iriotitecraarl< ·a,owii ancf · 
dark gray, clayey SILT. 

Grades to soft, wet, with trace organics 
at 7.0 feet. 
Color transitions to brown at 8.0 feet. 

Soft, wet to saturated, brown SILT with 
trace clay. 

Grades to saturated, gray at 11.0 feet. 

Total depth = 12.0 feet 

LEGEND 

l: 
C, 

:::; -
> : 
:, I-

Neg 

.!1 • 
0. • 0. 

E E c. 
•o • >, 

U) - "' I-
l-2oa.-OC-il1 

-208-02-01 

2.0-inch I.D. Direct Push 
soil core sample 
with Gf,, recovered D Soil Analysis 

(Test Method Shown) 

Soll sample interval 
submitted for 
laboratory analysis 

y Encountered groundwater level 
WO while drilling 

Drllllng Started: 11/27/01 Drilling Completed: 11127/01 

BORING No.: IA-208 PAGE 1 OF 1 

• 

Boring Method: Direct Push 

Borehole Diameter (In.): 3.25 

0 cnl 
- C ~"I 

U) 

"' U) 

~ 
::: ~ 
.!! • 
0. 

>"' 
ppm 
0.0 

3.7 

4.5 

3.9 

~ . AS-BUILT DESIGN 
0;' 
ci ~ 

Hole was 
backfilled with 
bentonite chips. 

" z 

" !-208-0l'.kl1 
~I 
1 81~1.A.,I 

!270C, 
~020 

I aoe1A. 1 
~ 
, 1·\~--01 

.. ,,~ I 
UE6B. 
a:210c. 

'"" II r aoe,A.. 
~I 

PROJECT NUMBER: 0-61M-10703--0 T52 

RPAC - Stage II 
Portland, Oregon 
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LOG OF EXPLORATORY BORING 

PROJECT NAME Rhone-Poulenc Ag Company BORING NO. ITS- 1 
LOCATION Portland, OR 
DRILLED BY GeoTech Explorations 
DRILL METHOD Hollow Stem Auger 
LOGGED BY Rick Fredricksen 

SAMPI.E RECOVERY 

NUM8£f:{ J!tEftCENT 

SAM"'-" 

TYPE I 
CC-1 50 

:tll 
-

-

-

CC-2 100 5 

. 
-
. 

--

- -
-1-

--
--
--
- -

--
- c-

- ,-

--
--
- -

j 

... 

. .. 

' .. 

PAGE 1 OF 1 
REFERENCE ELEV. 45.96' 
TOTAL DEPTH 15.00' 
DA TE COMPLETED 5/1 2/93 

UTHOt.OGIC 

OESCRlFTIOH 

0-1.0feet: ASPHALI ANu unAvcL. 

1.0-5.0 feet: GRAVELL T Sil It SAND (SM), orown w,tn 
blebs of green, black, and blue, very fine to fine, some silt, 
few rounded gravels ta 2-inch, law plasticity, loose. damp, 
massive, trace of wood debris. (FILU 

@ 4.0 feet: becomes greenish brown. 

5.0-15.0 feet: SILTY SAND (SM}, dark gray, very fine to 
fine, some silt, low plasticity, damp, mottled brown, 
massive with interbeds of sand and silty sand at depth. 
(ALLUVIUM) 

@ 5-6.5 feet: becomes wet. 

. ·• @ 8.5 feet: becomes brown with gray mottling . 

CC-3 100 

;-

I- 10-f-

-

--
c 11. 16' - e-

- -,-

--

--

: --
15-

REMARKS 

. .. 

.. 
. . 

. , 
@ 11 . 5 feet: becomes wet. 
@ 11.5-15.0 feet: interbeds of sand and silty sand . 

Bottom of boring at 15 .0 feet below ground surface. 

1)CC;,o::Continuoos core samples. Soi! :,;:ample& obtained from 5~toot split barrel ~ampler. Recon water sample£ taken from 

2~foot stainless steel drive point connected to black. iron pipe. Drive pipe removed after sampling groundwater and 

back.filied wM bentonite chip£, 
-rz. \, 
t \':)- \ ! 

.._, EMCON Northwest. inc. 0240-005.0S ?"':10'5..nknt:1.Gr29I~:_ S£E!.S..;;. __,,,,; 
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PROJECT NAME Rhone-Poulenc Ag Company BORING NO. ITB-10 
LOCATION Portland, OR 
DRILLED BY GeoTech Explorations 
DRILL METHOD Hollow Stem Auger 
LOGGED BY Rick Fredricksen 

SAMPLE RECOVERY • z C ~ • ,c r • 0 !:!. :f NUMBER PERCEN.T z • " Ii:~ " a r • ~ "'o a 
SAMPLE 0 < ~ . ~ ~ r O" 

~ ~ ..J C ,C < :i ..J 0 

• u 
TYPE 

CC-1 90 ' 0 0 
0 0 

r --
C --
- - -
- -f-

r - f-

e --
r - -

- f-

CC-2 
-

100 
5-f-

r - f-

r - f-

e --

r --
f-- --
r --

- --
--
- -

CC-3 
-

100 10- -

- -

- -
'5l. 

11.25' -f-

- f-

- - f-

- f-

- - f-

- -
- -

1 5 
REMARKS 

' 
\ 

PAGE 1 OF 1 
REFERENCE ELEV. 45.94' 
TOTAL DEPTH 15.00' 
DATE COMPLETED 5/14/93 

UTHOLOGIC 

DESCRIPTION 

0-1 .5 feet: GRAVEL (GP), dark gray, fine, dry, some brick 
debris. (FILL)-

1.5-15.0 feet: SIL TY SAND (SM), brown, very fine to fine, 
some silt, low plasticity, loose to medium dense, damp, 
mottled gray, massive, trace of wood debris. (ALLUVIUM) 

Bottom of boring at 1 5.0 feet below ground surface. 

1 )CC= Continuous core samples. Soil samples obtained from 5-foot split barrel sampler. Recon water samples taken from 

2-foot stainless steel drive point connected to iron black: pipe. Drive point removed after sampling groundwater and 

backfilled with bentonite chips. 

EMCON Northwest. Inc. 0240-005 .OB. 2 4005 .!ilm/ 2. 6/2 9/9 3 ... SEE LS .2 

r 



ti~ ~f~~. R~'J, 
-----------------~--------------·::::-::-7-:::-----'"'e\'c-::,,,..,.'=c-c-.:._-~---

LOG OF EXPLORATORY BORING -,:,,..,.,, "'· · -

PROJECT NAME Rhone-Poulenc Ag Company BORING NO. ITB-11 
LOCATION Portland, OR 
DRILLED BY GeoTech Explorations 
DRILL METHOD Hollow Stem Auger 
LOGGED BY Rick Fredricksen 

SAMPLE RECOVERY • C ~ 0 ,c r z w 0 ~:: NUMBER PERCENT Zw~ t::: ~ 
~ r w ~ "'0 ~ 

SAMPLE 0 < ~ .~ ~ t: 0 ~ g: 3: ..J 0~ < ~~o 

• u 
TYPE 

CC-1 100 
... . . 

- - -· . . 

CC-2 100 

-

- I-

~ --

-

-

-

" 
f-

~ 

r 

-

-

-
-
-
-

~ 
5.9' 

--
- -
--

- f--

5-~ 
--

--
--

--

-

-
-

-
10-

-

-
-

-
--
-
-
-

---~--~------15 
REMARKS 

.. 
. . . 

' 

PAGE 1 OF 1 
REFERENCE ELEV. 43.96' 
TOTAL DEPTH 7.50' 
DATE COMPLETED 5/14/93 

UTHOLOGIC 

DESCRIPTION 

0-1.0 feet: Sll.1 Y ~AND (SP-SM), brown, fine to medium, 
little silt, trace of rounded gravels to 1-inch, non-plastic, 
loose, dry, massive. (FILL) 

1.0-7.5 feet: SlllY SAND (SM), brown, very fine to fine, 
some silt, low plasticity, loose to medium dense, damp, 
mottled gray, massive. (ALLUVIUM) 

@ 5.4 feet: becomes dark gray. 

@ 5.9 feet: becomes wet. 

@ 7 .0 feet: becomes black. 

Bottom of boring at 7 .5 feet below ground surface. 

1 )CC= Continuous core samples. Soil samples obtained from a 5-foot split barrel sampler. No re con water sample obtained 

due to poor recovery of perched water. Dr111e point was removed and backfilled with bentanite chips. 

-

@ 
'-=Ee,M,,Cc,Oe,Nc,,_eNe,oe.rt,.ch,_,w,:ee,s:.,.t .. , l,.cnecc~. ------------------------0"'2':',.,0--':'00'CSC'.0"'.8C'·'C:';,00uc5'"·''"'m"'/"c2·"'"'-"'""""''c'c3.cc .. S"'E"cE'Cl5°'.2'----J 



LOG OF EXPLORATORY BORING 

PROJECT NAME Rhone-Poulenc Ag Company BORING NO. ITB-12 
LOCATION Portland, OR 
DRILLED BY GeoTech Explorations 
DRILL METHOD Hollow Stem Auger 
LOGGED BY R. Fredricksen 

RECOVERY II 
Po:tce.iT , 

I I 

"lQW 

CCUffTS 

CC-1 100 
i cc 

CC-2 100 

CC-3 100 

CC-4 100 

CC-5 100 

REMARKS 

- -
- -

- --
- - -
- ->--

- --
- -
- --.. --

5--
~ --
- --
" - -
- -,-

- - ,-

- - ,-

--

10- -
- - -
-
-
-
:~().93 

12.8' ·--.. 
--
--

,- 15--

- --
- --
- --

- -
-
- - ,-

- ,-
. ,-

20 

.. 

. . 
• - "! 

j 

PAGE 1 OF 2 
REFERENCE ELEV. 43.96" 
TOT AL DEFTH 23.so· 
DA TE COMPLETED 6/30193 

0-1:0 feet: Sl[T{SAND (SP-SMl, brown, fine to [ 
medium, little sift, trace of rounded gravels to 
1-inch, non-plastic, loose. dry, massive. !FILL! (', 

1.0-7.5 feet: SILTY SAND {SM), brown, very fine to ' 
fine, some silt, low plasticity~ loose to medium 
dense, damp, mottled gray, massive. !FILL! 

, : . ~ I 
IT1'.+rl'rrl--c7~.5-=-c9,-.cc-5 feet:SA--Ncco=y,-s=1L""T'""{ccM-c,-U,-,...,b-r-o-w-n-.-s-o-m-e--ve-ry---11 

fine sand, medium plastic, soft, wet, trace of 
subrounded gravels to 314-inch, trace of wood 

. . . 

' . 

debris and rootlets, massive. (ALLUVIUM! 
··---··---~-~-i 

9.5-13.5 feet SILTY SAND (SM), brown. very fine, 
some silt fines, low plastic, loosef wet, trace of 
rootlets. some gray mottling. massive. 
(ALLUVIUM! 

13.5-14.0 feet: SANDY SILT (MU:Orown, some 
!,'-t!i""t'../1-, very fine sand, low-medium plastic, soft. wet, 

massive. {ALLUVIUM) 

l 

14.0-14:6.feet: SILTY SANO (SM), brown, very fine, 
some silty fines, low plastic, loose, wet, trace of 
rootlets. some gray mottling, massive. 
{ALLUVIUM) 

14.6-17.8 feet SANDY SILT (MU, brown, some 
very fine sand, low-medium plastic, soft, wet, 
massive. (ALLUVIUM) 

17 .8-20.0 feet SIL TY SAND (SM), brown to grayish 
brown, very fine to fine, some silty fines, low 

11cc =Continuous: c:ore camples. 2lSOiI carnplu obtained with a S-foot s;piit barrel s:arnplor. 3lRecon 'water .s:amplo obtillned 

at 1 3. i S feet. 41Test boring 'flla:r. badfiUed with 3/4-tnch bentonlte chip$. S}Re1ercnee elevatfOn from grovnd irurlace 

relative to City of Parttand datum.. 

EMCON N 



( LOG OF EXPLORATORY BORING 

PROJECT NAME Rhone-Poulenc Ag Company BORING NO. ITB-12 
PAGE 2 OF 2 
REFERENCE ELEV. 43.96' 
TOTAL DEPTH 23.50' 
DA TE COMPLETED 6/30/93 

LOCATION Portland. OR 
DRILLED BY GeoTech Explorations 
DRILL METHOD Hollow Stem Auger 
LOGGED BY R. Fredricksen 

SAMPt.E REC:OVERY BLOW • 0 "'. " :;; ~ 
~ 

NUMBER PERCENT COUNTS Zw~ ~ 
~t-W t-w ~ ~ 

SAMPt.E 
o<~ :a ~ ~ 3: 
~ 3: ...I 0.; < • 

TYPE 

- --
-
- --

--

z 
o E::: 
"'0 ~ 
!:: 0 ...I 
~ ~ 0 

u 

UTHDLOGiC 

DESCRlPTION 

plastic, wet, massive. (ALLUVIUM) 

f.LH+4J.11., 20.0-20.9 feet SANDY SILT (MU, brown, some 
very fine sand, low to medium plastic, soft:, wet, 
massive. (ALLUVIUM) 

.. 

.. 

.. 
@ 20.5 feet: sandy silt becomes tan, damp, and a 

decrease in sand. 

7 

-
-- f-.1..:.J..:.J...:lh 20.9-23.5 feet: SILTY SAND (SM). brown, very fine, 

some silty fines, low plastic, loose, ·wet, massive. r 
(ALLUVIUM I · 

. 

-

-
t

t-

I-

-

-

t-

t-

t-

-
t-

t-

t-

t-

I-

t-

t-

t-

t-

REMARKS 

25- Bottom of boring at 23.5 feet below ground surface. 

30-

35-

40 

1 )CC=Continuous- core samples. 2}Soil samples obtained with a 5-foot s-pfrt barrel sampler. 3)Recofl water sample obtained 

at 1 3-15 feet. 4)Test boring was badcfilled with 3/4-inch bentonite chips. SIReference elevation from ground surface 

relative to City of Portland datum. 

EMCON Northwest. Inc. 
D240-00S.0B..24005.B/.2J/!!3.slm/:L.SEELSW .2 



( LOG OF EXPLORATORY BORING 

PROJECT NAME Rhone-Poulenc Ag Company BORING NO. ITB-13 
LOCATION Portland, OR PAGE 1 OF 2 
DRILLED BY GeoTech Explorations REFERENCE ELEV. 45.14' 
DRILL METHOD Hollow Stem Auger TOTAL DEPTH 23.00' 
LOGGED BY R. Fredricksen DA TE COMPLETED 6/30/93 

SAMl't.f RECOVERY BLOW 
0 ~ ~ -- : z lJTl40l0CiilC . 

NUMBER PERCENT COUNTS Zw~ - w ~ ~ 0 !:! ~ ,_w - w ~ ~ 
" 0 , CESCRIPTION :. ~ w 

SAMPl.f 0 "'~ 
:, 3: - 0 ~ 

~ ~ _. 0 ~ < ~ ..I 0 
~ u 

TYPE 

CC-1 75 
... 0-5.0 feet SIL TY SAND (SP-SMJ, brown, fine to . . . 

cc r -~ ... 
medium, little silt, trace of rounded gravels to . - -- ... 
1-inch, non-plastic, loose, dry, massive. (FILL) . . . 

-- ... . . . 
- --
- - - ... ... - --

CC-2 100 ... 
r -- ... . . . --r ... 

- -- ... . . . 
5-- -

5.0-8.0 feet: SANDY SILT (MU. brown and gray, 
- -- some very fine to fine sand, low plastic, soft, -- damp, massive. (ALLUVIUM) 
r --- --- - --

CC-3 100 -- 8.0-13.0 feet: SIL TY SAND (SM), brown, very fine 
- -- to fine, some silty fines, low plastic, loose to - -~ medium dense, damp, massive. (ALLUVIUM) 
- - -
- 10-- ' . 
- --
- :l. --

10.90' --
6-30-93 --- --

.CC-4 100 
r -- 13.0-14.0 feet SANDY SILT (MU, brown, some 

- - -- very fine sand, low-medium plastic, soft, wet, 
r -~ massive. (ALLUVIUM) r - --

15--
14.0-14. 6 feet SIL TY SAND (SM), brown, very fine, -

some silty fines, low plastic, loose, wet, trace of - -- rootlets, some gray mottling, massive. - -- (ALLUVIUM) 
- --

14.6-18.0 feet SANDY SILT (MU. brown, some - --
- -- very fine sand., low-medium plastic, soft, wet, 

massive. (ALLUVIUM) - -- -

CC-5 100 18.0-19.5 feet: SANDY SILT (MU. greenish gray, - --
-- some very fine sand, low plastic, soft. wet, 

-- massive. (ALLUVIUM) r 

20 
REMARKS 

l ® 
1 }CC= Continuou"" core samplers. 2JSoil samples obtained with a 5-foot split barrel a.ampler. 31Recon-wa\er ""ampLe 

obtained at 1 3-15 feet. 4}Test boring was bact:filled with 3/4--inch bentonite chip""· SJReference elevation from ground 

surlace: relative to City of Portland datum. 

EMCON Northwest. Inc. 0.240-00S.0B.2&005.B/23/93.3lm/2 ... SEELSW .2 
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LOG OF EXPLORATORY BORING-.. ~··-~·· 

PROJECT NAME Rhone-Poulenc Ag Company 
LOCATION Portland, OR 
DRILLED BY GeoTech Explorations 
DRILL METHOD Hollow Stem Auger 
LOGGED BY R. Fredricksen 

SAMPLE 

111.UMSEA 

SAMPI.£ 

TYPE ! 

BLOW 

COUN'fS 

REMARKS 

0 a: ~ z lilt ..t 
~~~ 

0 " C: 
' 
~ ~ _, 

' 

-

-
-
-
~ 

C 

~ 

-
-
-
-
-

I-

~ 

-
-
-
-
-
-

-
-
-

-
-
-
-
-
-

-
-
-
-

XJ: 
~ :: ii: la ~ ,. 
0 ~I~ 

I 

--
-'-

--
--
--
--
-
-
-

25-
-
-
-
-
--
--
-
-

30-
-
-
-
-
--
-
-
-
-

35-
-
-
--
--
-
-
-

40 

, I. 

.. 

BORING NO. !TB-13 
PAGE 2 OF 2 
REFERENCE ELEV. 45.14" 
TOTAL DEPTH 23.00' 
DA TE COMPLETED 6/30/93 

UTifOLOG.IC 

Ce,SCRIM10N 

19.5-23.0 feet SILTY SAND {SM), gray,sh brown, 
very tine to fine, some silty fines, non-plastic, 
loose, wet, massive. !ALLUVIUM) 

Bottom of boring at 23.0 feet below·:ground surface. 

1 )CC :a Continuous core samplen.. 2)Sm1 ::amples obtained with a 5-foot split barr~l sampier. 3JRecon watar i.arnple 

obtained at 13-1 5 flllet. 4-lT elrt boring was. backf'"llled with 3/4-inc:r.. benton.it.c d'ips. S:)Reference elevation from gtound 

:surface reiative to aw of Portland d.arum. 

EMCON Northwest, Inc. Q240.00S.DIL2400S.81::!:ifs:1..s1mt2 ... S£ELSW.2 



( LOG OF EXPLORATORY BORING 

PROJECT NAME Rhone-Poulenc Ag Company 
LOCATION Portland. OR 
DRILLED BY GeoTech Explorations 
DRILL METHOD Hallow Stem Auger 
LOGGED BY R. Fredricksen 

SAMPI.£ 

NUMBOI 

SAMPI.£ 

TYPE 

CC-1 
cc 

CC-2 

CC-3 

CC-4 

CC-5 

RECOVERY 

PERCENT 

80 

100 

100 

100 

100 

BUIW 

COUNTS 

. 

-
I-

-

-

-

-

-
_.sz 

--
--
--
-'--

- -
- L-

--

5-'
-1-

- 1-

- -
--
- '-

_ ,_ 
--

10-'-

-~ 

- '-

11 gij -~ 
7-1-

I- --
I- --
I- -~ 

I- -'-

- _ ,_ 

- 1s-~ 
- --
- --

-

I- • L 

~ -L 

I- --
I- -L 

I- -~ 

I- --
20 

BORING NO. ITB-14 
PAGE 1 OF 2 
REFERENCE ELEV. 46.03" 
TOTAL DEPTH 23-00' 
DATE COMPLETED 6/30/93 

UTHOLOGIC 

DESCRIPTlON 

0-6.0 feet Sil 1Y SAND (SP-SM]. brown. fine ta 
medium, little silt, trace of rounded gravels ta 
1-inch, non-plastic, loose, dry, massive. (Fill) 

6.0-10.0 feet Sll1Y SAND (SP-SM). black and 
brown, fine to medium, some silty fines, 
non-plastic, loose, damp to moist, massive, some 
brick debris and foundry waste. (Fill) 

10.0-12.5 feet SANDY SILT (MU. greenish gray, 
some very fine sand, low plastic, firm, damp, 

massive. (ALLUVIUM) 

@ 12.0-12.5 feet: color becomes tan. 

12.5-18.0 feet SIL, T SAND (SM). greenish gray, 
very fine to fine, some silty fines, non-plastic, 
medium dense, moist to wet, massive . 
[ALLUVIUM) 

@ 16.0-18.0 feet: soils are stained with a highly 
visible chemical sheen . 

18.0-23.0 feet Sil 1Y SAND (SM). brown, very fine 
to fine, some silty fines, non-plastic, medium 

dense, wet, massive. (ALLUVIUM) 

REMARKS 
1 )CC=Cantinuous ca,e s:amples:. 2lSoil samples obtained with S-foot s:prit b:arrel sampler. J)Rec:cn Wa-ter sample obtained at 

1 3- 1 S feet. 4}Test boring was: backfilled wiht J/4-inch bentonite chip:s:. S)Reference elev:ation from ground surface relative 

to City of Portland datum. 

0240-00S .08 . .24005 .812J/9J ..slrn/2 ... S€ElSW .2 , 



LOG OF EXPLORATORY BORING 

PROJECT NAME Rhone-Poulenc Ag Company 
LOCATION Portland, OR 
DRILLED BY 
DRILL METHOD 
LOGGED BY 

GeoTech Explorations 
Hollow Stem Auger 
R. Fredricksen 

SAMPU j Ft£CovERv BLOW I~ ., 
NUMBSl PERCENT COUNT$ 

.......... 
i TYP< 

Q "' ., ,0 WJ 
:OrW 

• 

0 ~ ii; 
~ ~.., 

'. 

... 
-
-

... 
" -
-
-
. 
--
... 

-
-
-

: t ~ 
~ w ~ 
~ .... ~ 
Q ;; 4; ., 

----
--
--

25-

30-

- -
- 35-
- -
" -
... -- --
... -
~ -
,. -
,. -

--40 

:! =! 
w~ 
3: :;; 

Q 

0 !! i 
" 0 " 50J JO u 

SORING NO. ITB-14 
PAGE 20F2 
REFERENCE ELEV. 46.03' 
TOTAL DEPTH 23.00' 
DA TE COMPLETED 6/30/93 

18.Q..23.0 fee,:;; SILTY SANO {SM). brown, very fine 
to fine~ some silty fines, nan~plastic, medium 
dense, wet, massive. {ALLUVIUM) 

REMARKS 
11cc = Cdntinuou, eore ,.ample,. 2)$oil nmpie~ obtained with S~toot spAt barret sarnPtet, J)f{econ water sample cbtaim1.d at 

, l· 15 feet. 4lTest boring was b.ackfiHed wiht 3/4'-lnch bel"ltonite chips. SiReforence f:te\lation from ground :wrtace nd:ative 

to City of P<1rtland datum. 

EMCON Ncu·thwest, lne. 

• 
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Project: RPAC 
Project Location: 

Project Number: 

Portland, Oregon 

92C0804A-20A 

.)a1e\sl 4/10195 • 4111 /95 Drilled 

Drilling Cable Tool 
Method 

Drill Rig Cable Tool Rig Type 

Diameter o/ 6 Diameter of NIA Hole (inchesi Well (inches) 

Type of N/A 
Sand Pack 

WATER LEVEL READINGS 

Water Level Depth. " Time, l4-hr clock 

Logged 
By 

: Drill Brt 
' Size;lype 

I Drilling 
! Company 

Number 
of Samples 

Type of 
Well Casing 

I I 
', I 

J. Kessi 

Log of Boring ITB-15 

Sheet 1 of 2 

Checked D. Meier ev 

6-inch Mother Hubbard i Appro,:;. Surface 45.B i Elevation (ft CPD) 

Tacoma Pump & Drilling / Total Depth 
Drilled (tr bgs) 34.0 

Split-spoon: 16 Core barrel: 0 I Sampler 3-inch-OD split-spoon 
Type sampler 

N/A I Screen 
Perforation N/A 

Type/Thickness No well was inst11lled in ITB-1 5; borehole was 
of Seal(s) backfilled with bentonite chips. . 

Date I I Commems/ Inside foundation of former insecticide building; 7 ft E. 2 

Auger/Hole Depth, ft I I Boring Locimon ft N of SE comer. 12 jars from split-spoons. 

SAMPLES "'- HEADSPACI 

"' 
0 " READINGS " -"' 0 -£ 0 

..., 'O 
E ti . "' " O> 

..., u 0 MATERIAL DESCRIPTION ,g_ ·5, u E E ·- 0 -:S ...c :;; •C u f- TI "•- Q. Q. c.~ .D ~ . ..., ~ E 0 (fJ 
Ee Ee O> -

" " " E ~ > • Q. cu c .= 
CJ .e Q. o•.c: m -" (fJ :.:: ' 

~ 0 t.) .:? t.) Cl Cl := -.;t >- C, -~ =, "N f- z iii •-c SURFACE CONDITIONS: Mostly concrete rubble, 6- to 1 2-inch size 0:: 0: a: Cl;;:;. 
...,_ c,_ 

0 1 5 24/24 

j 
7.5 10.9 1130 CL Soft to medium stiff. moist, dark brown, SILTY CLAY; medium plasticity; 

brown monling; -10-20% debris, small roots, brick, charcoal. gravel (Fill!. 

r----Becomes SILTY CLAY with SAND; • 1 0-20% fine- to medium-grained 
• sand, low plasticity. 

0.9 4.2 

2- ~ 

2 7 17/24 2.8 11.4 1200 

. 
91 165 

ML Moist, greenish gray SILT; small areas of tight neon green soil 
161 420 4- r-==> I0-10%]. pink fibrous material/paper; at 3. 5 ft, reddish purple 

3 11 0/24 organic fibrous material, small areas of bright pink/purple powder. - ·- 1400 

Medium stiff, moist, brownish yellow Sil T; tine-grained sand; iron oxide 
- stains !Fill]. 

I 

6 4 1 1 24/24 I ML Medium stiff, moist, gray, CLAYEY SILT; low plasticity; -20% gravel and 545 1073 
debris; few black stained areas [Fill?). 

,r--Becomes yellowish red to brownish yeUow wrth brown and orange 
mottling; low to medium plasticity. 750 2800 +--stick/root. 

8-
5 17 24/24 ~Gray monling. 1000 I 2100 1430 

. 1-f-
ML Medium stiff to stiff, moist, olive to greenish gray SILT; - , 0-20% 350 1025 

fine-grained sand. 

10-
rsecomes wet; abundant dark gray, orange. and bluish gray staining. 

6 9 24/24 960 2790 1450 

I CL Medium stiff. moist, brown, SILTY CLAY; medium to high plasticity . 
. 

870 2100 

ML Medium stiff, moist, brown, SILT with SAND; - 15-25% fine-grained sand; 
12- \ow plasticit". 

7 8 24/24 : SM/Ml Loose. wet, gray, SILTY SAND to SANDY SILT; -40-50% silt; areas of 735 , ,sso 1530 
brown mottling, possible sheen. 

. 

I l 1 
_J-Lay_er of moist, brown, SANDY SILT; -30-40% sand: several black 12036 550 

sta:m spots. 

14-
8 4 

2412·!1 I rSlight sheen v;s;ble. 313 620 

, I . 
·-

J/Di,. -Template. 1'hl1D Pro1 LO: RPACP Woodward Clyde Consultants .._, Prmred: November 22. 1995 

-i--r·(~-- - \ h, 



Project: RPAC 
Project Location: Portland, Oregon 

92C0804A-20A 

Log of Boring ITB-1 5 

Project Number: 
Sheet 2 of 2 

SAMPLES 

, 6 l--+--
9 

I -+-------, 
,--.- 9 24/24 

. 

18-
10 12 22/24 

-

20 11 9 21 /24 . 

22- 12 18 21/24 

24-

-

26-
14 11 24/24 '. 

--

28- 15 14 23/24 

30 

"'-0 W 
..., " u 0 
·oi u 
0 U) 

cu 
.J:: U) 

·" :, ...J-

ML 

MATERIAL DESCRIPTION 

r. 

~'~~·,.moist. ol"' gcay. SILT with S~NO• -20.300,,, s,nd• sllgh1 sheen 

~ Layer of SILTY SAND to SANDY SILT, -50•55% saind 

r---Becomes medium st1tt, -0-10% f1ne-gn111ned sand, low plasuc11y, 
,. slight sheen .!ipots 

b "'"' ., -,. '"' -~ "~ . ,,,,. ""'"""" ... 
~

_r--S.light sh. een spot.!i, abundant small black stain spots. 

~ Layer ot wet, black, SANDY SILT to SILTY SAND: - 40-50% 
_f fme-grained sand; sheen observed. 

I r-eecomes moist, gray. 

Ml Medium stiff to stiff. wet. greenish gray, CLAYEY SILT; low to medium 
plasticity. 

ML 

r-s-,s% fine-grained sand: 5heen spots visible. 

Medium 5tiff to sritf, wet, olive gray SILT; low plasticity; faint sheen 
spots visible. 

SM '- Medium dense, wet, dark gray, SILTY SANO; fine-grained, -20-30% silt. 

r-Decreasing 5ilt content to • 10-20%. 

I SP-SM 

ML 

r--Black stain areas, heavy ir,descent sheen, and faint brown 
T NAPi..-saturated area5 visible. 

~No sheen or NAPL visible. 

.--Black staining and iridescent sheen; no NAPL visible. 

Loose 10 medium dense, wet, yellowish red, poorly graded SAND with 
SILT; fine-grained, < 10% silt; very little cohesion; no sheen visible. 

- Medium !tiff, wet, yellowish red, SANDY SILT: -30-40% sand; more 

f 

....cchesive than above. 
___)-Layer or wet, yellowish red, SILTY SAND; -10-20% silt. 

~ Thin lens o! wet, yellowish red, SILTY SAND. 

16 6 19/24 :.) : : SP·SM Loose to medium dense, wet, brown, poorly graded SAND with SILT; 
fine- to medium-grained, < 10% sih:; very little cohe51on, flowing. 

32 17 14 

34 

I, 

·- .. 

'16/24 •• :! J 

<11 

r-Decreasing sih: content with depth. 

l*ne: PIO background measurements ranged from -0.5 to 10.0 ppm and 
typically were about 2 ppm. FIO background measurements ranged 
tram -0.3 10, 0.0 ppm 1md typically were about 1 ppm. Refer to 
Field Screening Notes for additional information. 

Bottom ot boring at 34.0 feet below ground surface. 

HEADSPACI 
READINGS 

E 
0. 
0. 

0 
0: 

E 
0. 
0. 

330 I 120 I 

_L7B1i 22so 

270 720 

1615 

255 570 11 630 

309 810 

36 92 1645 

320 893 

85 167 1700 

45 11 6 

116 1730 

150 

460 OB55 

4.9 19.9 

6.3 21 0900 

. 6.0 18.0 

4.1 20 0900 

3.B 14.0 

16.0 

I 

40 0925 

8.0 24 

0945 

......,T'",-m-pl-.. -.-. -, w-,-,-0-.-,,-, -,o-. -.,-.-c-,-----Wood Ward-Cly de Consultants e -------.-,-m-,,-.-.-,-,,-m-.-.-, ,-,-. -,-,,-,~ 



Project: RPAC 
Project Location: 

Project Number: 

Portland, Oregon 

92C0804A-20A 

Jstets) Legged 

Log of Boring ITB-1 6 
Sheet 1 of 2 

i Checkea 
: By D. Meier 

Drilled 4/6/95 · 417/95 _________ B~y~-----------=-:---~~s-~_'. _______________________ ··· 

Ddlhna r-ab!e Tool : Drdf Sit 6-inch Mother Hubbard ; A.pprox. Surface 45 8 
Meth0ct "" 'Size!T,;pe \ Elevation !ft C~OI · 

rco°',;'°11~R--,g~------------------+,ccD-riiling 'To~a: Deprh 
i __ !_voe Cable Tool Rig : ::omJJ.an'I T~~~-~-~---~~~p_&_D_r_m_,n_g _____ _,,_D_,_,l_le_d_l_"_· -•~gs_l ___ 3_o_._o _____ -; 

Diameter cf D1amerer ot , Nu,,..oer 
HOii! hrict,es) 6 Well {lr;chesl N/A : j' Sarnoles Sphc-sooo:1; 1 5 Core barre!; 0 Sampiet 3-inch~OD split-spoon 

----
Tvoe ot NIA J Type c>i 

,Sa.no.Pack .W'e1i Casing NIA Screen 
: Perforation NIA 
1 

Type sampler 

·············--' 
WATER LEVEL READINGS Tvpe)Tnicxness No welf WIS mstalled in ITB-16; borehole was 

,.• _w_a_t_e_, _Le_v_,_,_o_,_o_rh_._,_r_+-11_2_._,_s-+---i---~---+---;I 01 Sealls) bacldil!ed with bentonite chips. 

I Time. 24-hr clnck 0900 i 
Dace · 417195 I 
Auger/Hole De;:,th, t: 

' 
20.0 ! 

SAMPLES 
"' "' 0 -5 0 

• Cl 
't) "' 

.., 
.C.Q t ,g ~ :: u - ~• :c ::.- "' 0 "-' ~ Q) ., 

E > 8~-§ "-c,,I!! ~ ::, 0 

" z al IIJ ·::.: C: 
a:.O:.:: 

18 

l"'"lr', ' . ' 

! ,! ~ 

2 I ,i 
2 10 13/24 

I 
! 

t lJ 
4 

3 1 2 8/24 .. 

4 14 24/24' 

5 14 24124 

6 5 24124 
' 

I 

c,_ 
Q • -' "O 
u 0 
'Cl u 
0 "' Ou 

.,:; Ul 
;::'.:,: .., -
ML 

ML 

ML 

I 
I I Corrvnents/ 7 .5 ft W, 5.5 ft S of SE cormi!f o1 raised 

I Boting Location c1.mcre1e foundation. 24 jan. trom split-spoons. 

MATERIAL DESCRIPTION 

SURFACE CONOlTlONS: Grassy; silt and gravel 

Med,um sti!I. moist. dark brown, SILT with GRAVEL; ~15~25% g1avel.' 
mica. brick, and charcoal fFill?;. 

r ····aeeornes SANDY SlL Twitt\ GRAVEL; ~ 20-30% fine-grained s.and. 

~2-inch round gravel. 

• 

Medium stiff, moist dark gray SILT: low plasticity; brick fragments lFill?]. 

Becomes wet, olive grav. 
Greenish gray staining; some dark./"black" staining in olive gray are11s . 

Medium stiff, moist. yellow1Sh red, CLAYEY SILT; low to medium 
piasticrty; some grav stam spots, 

~Becomes medium plasticity; increasing gray stain spots, iron o:xide 
: T staining. 

(.--Becomes medium to high plasticity. 

j 
0.2 . 1.4 i 1300 

01 . , i I 

0.1-W 1305 

283 

I 

seo 

56 83 1330 

S90 2000 1400 

550 1200 

l 420 

640 1500 

280 800 · 1435 

· ':'. MUSM Soft, wet, dark grav, SANDY SILT to SIL TY SANO; fine-grained sand. 

CK 

12 
7 6 20/24. 

14 e 12212, 

, Sot,, molst, alive gray, SILTY CLAY: hi9h plasticity, 

b---o," g,,v mortling; iddescent sheen spots visible. 

f ,--Increasing nldescent sheen S'30ts. 
1• 

~-. -1,or oxide staining; no sheen spots visible. 
: . 

4-20 990 

~ ~~I,~ 

205 507 

410 i 9BO I 1545 

I : SM/ML :Taos~. weL dark oray, SILiY SAND to SANDY SILT. ----,-,---,:,,,,,,,.,..,,.,=~~~=~=~---------~ i ! 

'-:r"" • .,.-~-,,-,.-,-:,,,-w""u"'o-.,-,-, 1"'0-, R"',"","'c"',----Woodw ard-Clyde Consultants e ------,=-n-m-.,-,.,.N-o,-,-mn-,-. cc,,:-_-:-.::,s,"',~ 



Project: RPAC 

Project Location: 

Project Number: 

Portland, Oregon 

92CD804A-20A 

Log of Boring ITB-16 
Sheet 2 of 2 

~ 

- Cl 
:S.!:l 
a.~ 
Q) Q) Q) 

o~ I~ -.-
s;·· 

;:< 

16-. 

-

18 

20-

-

22 

24-

26-

-

28-

-

30 

32-

<4-

SAMPLES "'-0 ru 

0 
.; ,g 
.c " E ~ 
a 0 
z iii 

I 
9 I 11 

11 12 

12 7 

13 5 

14 7 

15 10 

24/24 I I 

-' " u 0 
.Cl u 
0 <fl oU 
.c <fl 
;~ ::i 
-' -

CL 

ML 

ML 

CL 

ML 

.I SM/ML 

·i: 
24/24 J; . 

:·f·. 

SM 

15/24 :~ : . .. 

ML 

MATERIAL DESCRIPTION 

I 
Soft to medium stiff. motst. olive gray. SILTY CLAY; <10% f1ne-gra1ned 
sand. low to medium plasricrty 

r
.--Brownish yellow mottling/staining. 

,r--aecomes wet. 

,r--Becomes moist: -s-i 5% finE-grained sand. 

r--~secomes medium plasticity. 

r-Becomes low plasticity; • 10-20% fine-grained sand; wet areas; 
" streak.s of discoloration and small brownish yellow spots. 

Medium stiff. wet, gray, SANDY Sil T; - 20-30% fine-grained sand; heavy 
iride5cent sheen spots visible, small brown liquid blebs 111sible in sheen. 

HEADS PACE 
READINGS 

E 
0. 
0. 

I 70 

_L 
I 380 

1190 
I 

11.6 

E 
0. 
0. 

9 
u_ 

I 170 I 

I : 
860 I ,sea 

450 I 

'11630 

8251 
I 

24 I 0925 

1 40 

I 

160 

Medium stiff, moist, greenish oltve gray, CLAYEY SJL T; low plasticity. :~ 
r-Becomes wet, with brown layers; some small areas of black staining. 
t-- · 15-25% fine-grained sand; sheen visible, with small brown blebs. 

i=i--S-0-ft-t~o~m_::,~d~iu~m_:::st~if~f~.~m~o~is~t=,=1,~g~ht~o~l=i,·e~g~,~.=y=.=S~IL~T~Y:::_C=L~A=Y~:=m~e~d~iu~m_:::t=o=h~i-gh-~cj-,oen-J- 1030 

plasticity; no sheen visible . 

20 

11 

.,....._Brownish yeUow lens. I 
Soft to medium stilt, wet, black, SANDY SILT; ·20-30% fine-grained 37 
sand; mica. black staining; becomes olive gray at 23.2 h. 22 

Loose, wet, olive gray, SIL TY SAND to SANDY SILT; - 40-60% 
fine-grained sand. 

,r--small iron oxide spots, possible smal! sheen spots visible. 

Loose, wet, brown, SIL TY SAND; fine-grained, • 15-25% silt: small sheen 
spots visible. 

I 

j 
2.4 9.311045 

1.2 6.2 

k--lnc,easing silt content to - 25·35 %; olive 9"Y aceas: icidescent sheen 
spots visible. 

. :: I :: i'''° 
1200 

Medium stiff, moi5t, brown, CLAYEY SILT; low plasticity; few small black 
roots; no sheen visible. 

Bottom of boring at 30.0 feet below ground surtace. 

~: PIO background measurements ranged from -2.5 to 4.0 ppm and 
typically were about O ppm. FID background measurements ranged 
from -2.2 to 8.0 ppm and typically were about -1 ppm. Refe1 to 

- Field Screening Notes for add1tionel information. 

I 

f 
~,,T-,m-,.,.,.-.. -."',-w.,.,-10~-,,-,,-,10-.-.~P-A"CP~---- wood Ward-Clyde Consultants e _______ p_"_"'-.,-,-N-,-.. -m-,-"-2_2_, -,.-.-,~ 



LOG OF EXPLORATORY BORING 
. #1? 

~'4. 'i:! , . •i{f~·-
;/./. ,·,~ "'.jy 't''' ,;'c.m ,.,, C ,• 

,rt,,.,il' ·-:,,., m 
PROJECT NAME Rhone-Poulenc Ag Company BORING NO. !TB- 2 , 
LOCATION Portland, Oregon PAGE 2 OF 2 

REFERENCE ELEV. 45.36' 
TOTAL DEPTH 20.00' 
DA TE COMPLETED 5/11 /93 

DRILLED BY GeoTech Explorations 
DRILL METHOD Hollow Stem Auger 
LOGGED BY Jim Jakubiak 

SAMPLE 

NUMBER 

SAMPI..E 

TYPE 

CC-4 

EMCON N 

Rl:;COVl:;RY 
Q ~ 0 

0 z UTHOLOGIC 

DESCRIPTION 
w " ~ a~~ PERCENT Zw~ ~ 

~~w ~w ~ "0 ~ 

100 

REMARKS 

0 ~ ~ :, ~ ~ !:: a -4 

~ ~ -4 Q~ ~ ~~o 
0 u 

-

- -
- -~ 

-

-

-

-

-

/// 18.0-20.0 feet: CLAYEY SILT (OH), olive brown, stiff, low 
- - /// / plasticity, moist, massive. (ALLUVIUM) 

'/ '/ 

/ / / / Bottom of boring at 20.0 feet below ground surface. 
- - /..,,:// 

//// 
20 ---1.-,"'-'-"""<"I 

25-

1JCC=Continuous core sampler. Soil samples obtained from 5-foot split barrel sampler. Recon water samples taken from 

2-foot stainless :.teel drive point connected to black iron pipe. Drivl:! point removed after sampling groundwater and 

backfilled with bentonite chips. No visable staining or odor observed in soil. 



I 

- ,,,.-

LOG OF EXPLORATORY BORING 

PROJECT NAME Rhone-Poulenc Ag Company ITB- 2 BORING NO. 
PAGE 
REFERENCE ELEV 

LOCATION Portland, Oregon 
DRILLED BY GeoTech Ei,:plorations 
DRILL METHOD Hollow Stem Auger 
LOGGED BY Jim Jakubiak 

•AMPU I RECOVERY 

NVMBU~ ; J>fRCEHY 

CC-1 10 

CC-2 100 

CC-3 100 

. 
REMARKS 

-
-

-

-

-

-

-
SI, 

- -

--
5- -

- -
- -

..... 

.. 

.. 

'/// 

///, 
'/// 

-- ///./.. 
/// 

--
10- -. 

- f-

10.79' --
- --

] 
- f- ] 

] 
- -f-

- .... 
- - .... 
- ----

15 

1.0F 2 
45 36' 

TOTAL DEPTH 20.00' 
DATE COMPLETED 5/11/93 

LITHOLOGfC 

OESCAll"TION 

0-2.0 feet: SAND (SP), black, fine to medium, trace of silt, 
non-plastic, loose, damp. {Fill} 

2.0-6.4 feet: SIL TY SAND !SM), brown, fine to coarse, some 
silt, few rounded gravels to 1-inch, non-plastic, loose, 
damp, massive. {Fllll 

6.4-8.0 feet: CLAYEY SILT {OH}, gray, few rounded gravels 
to 1 ~inch, low plasticity, finn, moist, massive. 
{ALLUVIUM} 

8.0-9.0 feet: SANDY Sil T {Ml), brown, some fine sand, low 
plasticity, firm, moist, massive. IALLUV IUMl 

9.0.18.0 feet: Sil TY SAND (SM), brown, fine to medium, 
some silt, non-plastic, loose, moist, shows interbedded 
fine sands and silty sand, trace mica flakes. (ALLUVIUM) .. 

@ 14.0 feet: becomes wet. 

lE_M~.

~-CON Northwe,t1.)C

10

cc-. Contim.101.1s com u:mpler, Soil samples obtained from 5,foot split barrel sarnpier, Recon water samples talc.en frorn 2-foot stainless steel dri>1e po.nt connected to black iron pipe. Drive point removed after ,s:ampling groundwater and 

baclc.fil!ed with bentonite chips. No visabte staining 01 odor obwrved in 'looit 

---------~02~40-_0CS_.0_9~.2400C.:,ilm/2.6/29/.93 ... SEELS.2 



LOG OF EXPLORATORY BORING C py~ 
PROJECT NAME Rhone-Poulenc Ag Company BORING NO. ITB- 3 
LOCATION Portland, OR PAGE 1 OF 1 
DRILLED BY GeoTech Explorations REFERENCE ELEV. 42.75' 
DRILL METHOD Hollow Stem Auger TOTAL DEPTH 14.00' 
LOGGED BY R. Fredricksen DATE COMPLETED 5112/93 

SAMPLE 

NUMBER 

SAMPLE 

TYPE 

CC-1 

CC-2 

CC-3 

RECOVERY 

PERCENT 

0 

100 

100 

--

- - ..... 

-1- ..... 

- f- •.••. 

--
- --

--
- f-

5-~ 
- -~ 

--

--
--

- --
--
- -

--

-f-

10--

- f-

- f-

- f-

- f-

f-~ -f-

a 12.6' - f-

- f-

UTHOLOGIC 

OESCRfPTION 

0-2.5 feet: SAND (SP), black, fine-medium, trace of silt, 
non-plastaic,-loose, damp, massive, containes bricks, 
concrete debris, and wood. (Fill) 

2.5-14.0 feet: SILTY SAND (SM), brown, very fine to fine, 
some silt, low plasticity, loose to medium dense, damp to 
moist, mottled gray and tan, massive. (ALLUVIUM) 

@ 8.5 feet: becomes wet. 

@ 10.9 feet: becomes dark gray. 

@ 12.4 feet: becomes grayish green with a trace of organic 
material (rootlets and twigs). 

Bottom of boring at 14.0 feet below ground surface. 

l~----~--~~--15---------------------------< 
REMARKS 
1 )CC=Continuous core samples. Soil samples obtained from a 5-foot split barrel sampler. Recon waer samples; ta.It.en from 

2-foot stainless steel drive point connected to blaclr: iron pipe and pushed 2-feet into undisturbed sediments. Drive point 

removed alter sampling groundwater and back.filled with bentonite chips. 

EMCON Northwest, Inc. 0240-005. OB. 24005 .slm/ 2. 6129/9 3 ... SEELS . 2 



LOG OF EXPLORATORY BORING 

PROJECT NAME Rhone-Poulenc Ag Company BORING NO. !TB- 4 
LOCATION Portland, OR 
DRILLED BY GeoTech Explorations 
DRILL METHOD Hollow Stem Auger 
LOGGED BY Rick Fredricksen 

SAMPLE 

NUMBER 

SAMPLE 

TYPE 

CC-1 

CC-2 

CC-3 

CC-4 

RECOVERY 

PERCENT 

85 

100 

100 

100 

REMARKS 

-

r 

r - I-

-
- --

--

r --
r --
~ 5--

- -
- -

r 

r -1-

'- "Sl- ->

- 9_77lO--

- --

--
- - -

- -

- --
--

- --

~ 0 ·~ ' 

PAGE 1. OF 1 
REFERENCE ELEV. 46.30' 
TOTAL DEPTH 14.00' 
DA TE COMPLETED 5/13/93 

UTHOLOC.IC 

DESCRIPTION 

0-2.5 feet: SIL, Y GRAVEL (GP-GM), brownish gray, medium, 
little s!lt, few· rounded cobbles to 8-inch, trace of sand, 
non-plastic, medium dense, dry, massive. (FILL) 

2.5-14.0 feet: SIL TY SAND (SM), dark tan, very fine to fine, 
some silt, low plasticity, damp, mottled brown, massive. 
(ALLUVIUM) 

Bottom of boring at 14.0 feet below ground surface. 

1)CC=Continuous core samples. Soil samples obtained from a 5-foot split barrel sampler. Recon water samples talc.en 1rom 

2-foot stainless steel drive point connected to black iron pipe and pushed 2-feet into undisturbed sediments. Drive point 

removed after sampling groundwater and backfilled with bentonite chips. 

---=E~M~C~O=N~N=o~rt~h~w~e~s~t~·~ln~c~·--------------------------0~2~•~0-~o~os~.~o•~·~"~o~o~s~-·~•m~IZ~.~"~2~'~"~'~--~s~"~'~'~·'----;/ 
""\--,- i2- - \.,. \ 



LOG OF EXPLORATORY BORING'·,,..?'\~;,· j ~ 

PROJECT NAME Rhone-Poulenc Ag Company BORING NO. ITB- 5 
LOCATION Portland, OR 
DRILLED BY GeoTech Explorations 
DRILL METHOD Hollow Stem Auger 
LOGGED BY Rick Fredricksen 

SAMPLE RECOVERY • z c~• "':;; w 0 ~ ::i NUMBER PERCENT Zw~ ~ 
~~w ~w • "0 ~ 
0 < ~ . ~ ~ •o~ 

SAMPLE w 
~ :: ...J 0 ~ < :J ...J 0 

• u 
TYPE 

CC-1 0 y = 

- 1--

-
CC-2 85 

- -1--

f- --
--

--

CC-3 100 
- 5- -

--

f- --

- --

--

- --
- -

- -

CC-4 100 10----

I- sz ---
- 10.60' - -

--

- --
- --
- --

- --

PAGE 1 OF~ 
REFERENCE ELEV. 45.56' 
TOTAL DEPTH 14.00' 
DA TE COMPLETED 5/13/93 

UTHOLOCiiC 

DESCRIPTION 

0-2.0 feet: RUBBt.E, concrete blocks, bricks, glass, pipe, 
wood, crushed containers. {FILLJ 

2.0-14.0 feet: SILTY SAND (SMJ, greenish gray, very fine to 
fine, some silt, low plasticity, loose to medium dense, 
damp, mottled brown, massive. (ALLUVIUMJ 

@ 3.2-4.0 feet: becomes wet. 

@ 5.0 feet: becomes brown. 

@ 8.2 feet: becomes bluish gray, with odor. 

@ 10.0 feet: becomes saturated. 

- --~~~~~---~-~--~~~-~~----~-~------~ 
Bottom of boring at 14.0 feet below ground surface. 

-
1 5 

REMARKS 
1 )CC= Continuous core 5arnp1es. Soil 1>ample5 obtained from a 5-foot 5plit bil11re/ sampler. Re con water 5.;unples taken tram 

~ 2-foot stainless steel drive point connected to black iron pipe and pushed 2-feet into undisturbed sediments. Drive point J 
~ removed after sampling groundwater and backfilled with bentonite chip£. 

'-=E"M-"C=-0=-N,_,____,N-'o=-rt=hw=•cc•.C't.'-'l~n .. c-". ----------------------------=o=-2•c:o-:00o=s'-'.o:::ec!.2C"4._QO,cS°'.•:c'mc:cl .. 2_c.6'."12"c':""'-''°"--c.:·'"''-"-'Lo.:5"C.2'--~ 

-,- ....,. D . .. C.. 



LOG OF EXPLORATORY BORING 

PROJECT NAME Rhone-Poulenc Ag Company BORING NO. ITB- 6 
LOCATION Portland, OR 
DRILLED BY GeoTech Explorations 
DRILL METHOD Hollow Stem Auger 
LOGGED BY Rick Fredricksen 

SAMF't.£ I A!:CO'llfAY 

~ ffi '.'.1 :r C • • NUMBER PERCENT ~ 0 !,! ~ 
:, ~ w .. w • :r O :, 

0 " 1:. 
. ,-

" ~o ~ 
SAM"'-f • ~;:: ..J C 3; 

' " ~~o :• u 
TYPE 

CC-1 0 
I\ -

-
I-

-

CC-2 100 ' - -
' ' - - ,- I , 

- . -
- 5- -

CC-3 100 
- -
- I-

c --
f- - ,_ 

- ·- -
- - ,_ 

'¥. -- ',. 
8.50' 

,. 

- -
- -

CC-4 100 
- 10- -
.. - -
I- - I-

.. - -
r - -

- - - . ,, 
I- -
- -1-

,- - -· 
I- -

15 
REMARKS 

PAGE 1 OF~ 
REFERENCE ELEV. 45.20' 
TOTAL DEPTH 14.00' 
DA TE COMPLETED 5/13/93 

UTHOLOGIC 

DESCRIPTION 

0-3.0 feet: RUBBU::, concrete blocks, bricks, glass, pipe, 
wood, crushed containers. (FILL) 

3.0-14.0 feet: SIL TY SAND (SM), greenish gray, very fine to 
fine, some silt, low plasticity, loose to medium dense, 
damp, mottled brown, massive. !ALLUVIUM) 

@ 5.0 feet: becomes brown and mottled gray. 

@ 8.2 feet: wet. 

Bottom of boring at 14.0 feet below ground surface. 

1 }CC~ Continuou~ core nrn:,ies:. Soil sample& obtained from a S-foot spilt barrel sampler, Re con water samplei. taken from 

2,foot stainless stool dri1te point connected to black iton pipe and puS'hed 2-feet into undisturbed sediments. Drive point 

removed after sampling groundwater and backfdled with bentonite chip6, 

I 
,~E~M~C~O=N~N~n=•~th~w=e=st~,cclnccc:c,_ ___ --------------------~0=2c.40-<l=D=S=.D~8,=2c.40'-'0~5=,'---mcc/2c..6c./=29c./9cc3c. .. =·S=EE:cl.,S,_.2 ___ / 

[ r, 



LOG OF EXPLORATORY BORINf~{,)~ lg) 

PROJECT NAME Rhone-Poulenc Ag Company BORING NO. ITB- 7 
LOCATION Portland, OR PAGE 1 OF ~ 
DRILLED BY GeoTech Explorations REFERENCE ELEV. NS' 
DRILL METHOD Hollow Stem Auger TOTAL DEPTH 5.00' 
LOGGED BY Rick Fredricksen DATE COMPLETED 5/14/93 

SAMPLE 

NUMBER 

I SAMPLE 

TYPE 

CC-1 

CC-2 

RECOVERY 

PERCEl'lT 

0 

100 

-

r 

-
-

"¥. 
3.38' 

-

~ 

-
-

-

-

-

-~ 

-~· 
-- ..... 

- - .... 

- 1-- - •••• 

- r- ..... 

LITHOLDGIC 

OESCRIPTtt,N 

0-3.5 feet: SANU (SP), black, fine-medium, trace of silt, 
non-plastaic,-loose, damp, massive, containes bricks, 
concrete debris, and wood. (FILL) 

---~~+-----~--~--~---------------------, 
3.5-5.0 feet: SIL1Y SAND (SM), brown, very fine to fine, 

--
- -

some silt, low plasticity, loose to medium dense, damp to 
moist, mottled gray and tan, massive. (ALLUVIUM) 

5 ~Lf-~~1---c~--~~-~~~~~---~~~--------j 
Bonam of boring at 5 .0 feet below ground surface. 

- 10-

-
-

------~------15 
REMARKS 
1 )CC-= Continuous core samples. Soil samples obtained from a 5-foot split barrel sampler. Recon water samples taken from 

2-foot stainless neel dri\le point connected to black iron pipe and pushed 2-feet into undisturbed sediments. Ori\le point 

removed after sampling groundwater and b;,ckfilled with bentonite chip£, NS = Not surveyed for vertical. 

EMCON Northwest, Inc. 024C-005 .08. 24005.:=lm/2.6/29/93 ... SEELS.2 ,J 
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LOG OF EXPLORATORY BORING 
PROJECT NAME Rhone-Poulenc Ag Company BORING NO. 

PAGE 
ITB- 8 

LOCATION Portland, OR 
DRILLED BY Geo Tech Explorations 
DRILL METHOD Hollow Stem Auger 
LOGGED BY Rick Fredricksen 

SAMPLE RECOYEIW 
~ 

ou ii I 0 " ~ %~ ~ 
NUM&E.R PERC£HT ~ ~ v.l t: ~ J 

~ :.:: 6 :, 
SAMPU 0,, iii w~ " !:i g E : a i ..I Q " 

,, 
~ u 

CC-1 100 ... ". 
''' ... - - -
... 

~ - - ' .. . ' . 
. '' 

" -- ''' 
''' . '' - - .... . '. 
''' 
'.' - - f- ... 
. '' 
''' . 

--
- 5l -- ' 

4.0' 

:I 
--

5 
; -

-
- -

-
- -
- ·--

- -
c -

' -
c -

- 10-

- -

- -
-

- -
- --
- -

-
- -
- -

1 5 
REMARKS 

REFERENCE ELEV. 
TOTAL DEPTH 
DATE COMPLETED 

t..rTHOLOGIC 

OfSCRIPTKlN 

1_ OF 1 
45.14' 
5 00' . 
5/17/93 

0-3.0 feet: SIL rrsANO (SP-SM), brown, fine to medium, 
little silt, trace of rounded gravels to 1-inch, non-plastic, 
loose, dry, massive. (FILL) 

3.0-5.0 feet: Sil TY SAND (SM), brown, very fine to fine, 
some silt, low plasticity, firm, wet @ 4.3 feet, massive, 
mottled black. (ALLUVIUM! 

Bottom of boring at 5.0 feet below ground surface. 

-

1 )CC =Continuous core samples, Soil samptt!!s obtained from a S·foot split barrel sampler, No recon water sample obtained 

due to poor reC:O'llfl'fY of perched water, Drive point was removed and backfilled wlth bentonlte chips. 

I 

I 

EMCON t1ih.Jrthwest, Inc. 0240.00S.08.24006.slm/2.6/29/93 ... SESLS.2 .~ 

--:' -. l"::t - 9: 

I 



~ LOG OF EXPLORATORY BORING 

I :~~~ECT NAME Rhone-Poulenc Ag Company BORING NO. ITB- 9 
LOCATION Portland, OR PAGE 1 OF ~ 
DRILLED BY GeoTech Explorations REFERENCE ELEV. 46.03' 
DRILL METHOD Hollow Stem Auger TOTAL DEPTH 5.00" 
LOGGED BY Rick Fredricksen DATE COMPLETED 5/17/93 

SAMPU' 

NUMBER 

SAMPLE 

TYPE 

CC-1 

RECOVERY 

PERCr.MT 

100 

" 

-

f-

" 

-- ... 

- - ... 

- t-- ... 

--: : : 
-- ... 

- - ... 

UTHOLOGIC 

DESCRIPTION 

0-2.0 feet: SIL, ,SAND (SP-SM). brown, fine to medium, 
little silt, trace of rounded gravels to 1-inch, non-plastic, 
loose, dry, massive. (FILL) 

2.0-4.0 feet: SAND (SP), black and brown, fine to medium, 
trace of silt, non-plastic, loose, damp, massive, some 
bricks, and foundry waste. (FILL) 

Sl. ---~~~~~~~-~==~==~=~~--~~~~~-----~ 4.0-5.0 feet: SIL TY SAND (SM), brownish black, fine 
4.0' - -~ 

- 5 

r 

-

-

- -

~ 10-

r 

15 
REMARKS 

grained, some silt, low plasticity, soft, wet at 4 feet, 
massive. (ALLUVIUM) 

Bottom of boring at 5.0 feet below ground surface. 

1)CC=Continuous core samples. Soil samples obtained from a 5-foot split barrel sampler. No recon water sample oblained 

due to poor recovery of perched water, Drive point was removed and baclr::filled with bentonite chips, 

EMCON Northwest, Inc. 0 240-005 . OB. 24005 .s Im/;::. 5/ 29/9 3 ... SEEL S. 2 / 



~OP1f 
EXPLORATORY TEST PIT LOG 

PROJECT NAME Rhone-Poulenc Ag Company TEST PIT NO. ITP- 1 
LOCATION Portland, OR 
DRILLED BY GeoTech Explorations 
DRILL METHOD Backhoe 
LOGGED BY Rick Fredricksen 

SAMPLE RECOVERY 

NUMBER PERCENT 

SAMPLE 

0 r ~ z z ~ "l r w ~ 6 s ~ 
~ ~ w r w • ro~ 
0 ~ > i!; ~ ~ rO~ 
~ ~ ::i 0 " ~ :; ...J 8 
0 • TYPE 

-

-

-
- 5-

-

- 'Sl- -
- 9.5' 10-

-

-

PAGE 1_ OF~ 
REFERENCE ELEV. 46.53' 
TOTAL DEPTH 12.50' 
DA TE COMPLETED 4/29/93 

UTHOLOGJC 

DESCRIPTION 

0-1.0 feet: SILIT GRAVEL (GW), brownish gray, angular to 
2-inch, few fines, dry, loose. (ROAD GRAVELi 

1.0-3.0 feet: SIL TY SAND (SM), brownish tan, very fine to 
fine, some silt, low plasticity, loose, mottled brown and 
black, damp. (ALLUVIUM) 

3.0-12.5 feet: SIL TY SAND (SM), brown, fine to very fine, 
some silt, low plasticity, loose, wet at 10.5 feet. 
(ALLUVIUM) 

@ 4.0 feet: OVM = 0 

@ 8.0 feet: OVM = 0 

@ 11.5 feet: water seeps into pit. 

f--~"----'Yh@ 12.5 feet: OVM = 0 
' -
Bottom of pit at 12.5 feet below ground surface. 

15 
REMARKS 
1 )OVM = Organic Vapor Meter. 2)Excavates easil~, sidewalls hold firm. 

EMCON Northwest Inc. 0240-005.08.24005.slm/3.6/29/93 .. SEEL TP .2 
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EXPLORATORY TEST PIT LOG 

PROJECT NAME Rhone-Poulenc Ag Company TEST PIT NO. ITP-10 
LOCATION Portland, OR 
DRILLED BY GeoTech Explorations 
DRILL METHOD Backhoe 
LOGGED BY Rick Fredricksen 

SAMPLE 

NUMBER 

SAMPLE 

TYPE 

RECOVERY 

PERCENT 

REMARKS 

~~:1 :::t; 
g !;: ~ g tl: 
~~:;10~ 

I 

-

: :1 

= ·1· .. ' 

-··· . . ,- ' 

-
- -

-· 

- 'Sl - .. 
_ 4.5' 5-

-

-
- -
- -

-

- -
- 10-

-
- -

-
- -
. -

. 

1 5 

PAGE 1 OF ~ 
REFERENCE ELEV. 45.67' 
TOTAL DEPTH 6.00' 
DATE COMPLETED 5/4/93 

l'THOlOGIC 

DESCR!?T!ON 

0-1.8 feet: SIL'l'Y"SAND ISP-SM), brown, fine to medium, 
little silt, trace of rounded gravels to 1-inch, non-plastic. 
loose, dry, massive. (FILL) 

1.8-4.0 feet: SAND ISP). black and brown, fine to medium, 
trace silt, non-plastic, loose, dampr massive, some bricks 
and foundry waste. (FILL) 

4.0-6.0 feet: SIL TY SAND (SM), brownish black, very line to 
fine, some sllt 1 low plasticity, soft, wet, massive. 
(ALLUVIUM} 

@ 4.5 feet: perched water shows product sheen. 

Bottom of pit at 6.0 feet below ground surface. 

1)0VM "" Organic Vapor Meter. 2)Excavates easily. 

EMCON Northwest l,,r.:; 0240·00S.00.2400S."tmi:.J.6/2919:1 .. SEEL TP.2 
-r- -. .n , r-,.. 
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EXPLORATORY TEST PIT LOG 

PROJECT NAME Rhone-Poulenc Ag Company TEST PIT NO. ITP-11 
LOCATION Portland, OR 
DRILLED BY GeoTech Explorations 
DRILL METHOD Backhoe 
LOGGED BY Rick Fredricksen 

SAMPLE RECOVERY 

NUMBER PERCENT 

SAMPLE 

TYPE 

REMARKS 

0 ~ " z ~ • C> r w 
o~> 
§ 3: ~ 

f-

-

f-

f- Sl. 
4.5' -

-

-

f-

f-

-

-

-

-

-
-

-

-

-

Ir • w 
r :ti • ~ :a ~ ~ 
0 ~ ~ • 

5-

10-

6 
z 

~ ~ 
IO C> 
t: g 6 
• u 

PAGE 1 OF 1 
REFERENCE ELEV. 45.84' 
TOTAL DEPTH 6.00' 
DA TE COMPLETED 5/4/93 

LITHOLOGIC 

OESCR!PTION 

0-1.8 feet: S1L:l'Y•SAND (SP-SMJ, brown, fine to medium, 
little silt, trac.e of rounded gravels to 1-inch, non-plastic, 
loose, dry, massive. (FILL) 

1.8-4.0 feet: SAND (SP), black and brown; fine to medium, 
trace silt, non-plastic, loose, damp, massive, some bricks 
and foundry waste. (Fill) 

4.0-6.0 feet: SIL TY SAND (SM), brownish black, fine 
grained, some silt, low plasticity, soft, wet, massive. 
(ALLUVIUM) 

@ 4.5 feet: perched water shows product sheen. 

Bottom of pit at 6.0 feet below ground surface. 

1 )0VM := Organic Vapor Meter. 2)Excavates easily. 

EMCON Northwest Inc. 0240-005 .OB .24005 .slm/3 .6/29/93 ... SEEL TP .2 



EXPLORATORY TEST PIT LOG 

PROJECT NAME Rhone-Poulenc Ag Company TEST PIT NO. ITP-12 
LOCATION Portland, OR 
DRILLED BY GeoTech Explorations 
DRILL METHOD Backhoe 
LOGGED BY Rick Fredricksen 

SAMPLE RECOVERY 

NUMBER PERCENT 

SAMPLE 

TYPE 

REMARKS 

-

-

r 'S/. 
4.5' 

~ 5--

-

-

- --

f- -

r -

- -

- -

- 10--

- -

- -

-

-

-

1 5 

PAGE 1 OF 1 
REFERENCE ELEV. 45. 75' 
TOTAL DEPTH 6.00' 
DA TE COMPLETED 5/4/93 

LITHOLOGIC 

DESCRIPTION 

0-1.8 feet: Sil TY'"SAND {SP-SM), brown, fine to medium, 
little silt, trace of rounded gravel.S to 1-inch, non-plastic, 
loose, dry, massive. (FILL) 

1.8--4.0 feet: SAND {SP), black and brown; fine to medium, 
trace silt, non-plastic, loose, damp, massive, some bricks 
and foundry waste. {FILL) 

4.0-6.0 feet: SIL TY SAND {SM), brownish black, fine 
grained, some silt, low plasticity, soft, wet, massive. 
(ALLUVIUM I 

@ 4.5 feet: perched water shows product sheen. 

Bottom of pit at 6.0 feet below ground surface. 

1 )OVM = Organic Vapor Meter. 2)Excavates easily. 

EMCON Northwest Inc. 0240-005 .08.24005 .slm/3.6/29193 ... SEEL TP .2 



EXPLORATORY TEST PIT LOG - - .. 
PROJECT NAME Rhone-Poulenc Ag Company TEST PIT NO. ITP-13 
LOCATION Portland, OR 
DRILLED BY GeoTech Explorations 
DRILL METHOD Backhoe 
LOGGED BY Rick Fredricksen 
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PAGE 1 OF 1 
REFERENCE ELEV. 44.61' 
TOT AL DEPTH 6.00' 
DATE COMPLETED 5/5/93 

UTHOLOGIC 

DESCRIPTION 

0-3.0 feet: STl:l'Y-'SAND (SP-SM). brownish gray, fine to 
medium, some silt, some rounded gravels to 1-inch, 
non-plastic, loose, dry, massive, some foundry slag. [FILL) 

3.0-6.0 feet: SIL TY SAND ISM). brown with black mottling, 
very fine to fine, some silt, lovv piasticity, firm, massive. 
(ALLUVIUM) 

@ 4.5 feet: water seeps into pit. 

Bottom of pit at 6.0 feet below ground surface. 
Installed temporary 1-inch piezometer with 1.5 feet of hand 

sawed slotted section from approximately 3.5-5.0 feet 
b.elow ground surface. 

1)0VM,., O,ganic Vapor Meter. 2)hcavates easily. 

EMCON Northwest Inc. 02 40·005 .06 . 24005 .umf~ . 6! 29/!l '.l ••• SEEL TP .2 

.. 
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EXPLORATORY TEST PIT LOG 

PROJECT NAME Rhone-Poulenc Ag Company TEST PIT NO. ITP-14 
LOCATION Portland, OR 
DRILLED BY Geo Tech Explorations 
DRILL METHOD Backhoe 
LOGGED BY Rick Fredricksen 
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PAGE 1 OF J 
REFERENCE ELEV. 44.84' 
TOTAL DEPTH 6.oo· 
DA TE COMPLETED 5/5/93 

U1HOLOGIC 

DESCfilPT!ON 

0-2.0 feet: S1LT¥"6AND (SP-SM), brownish gray, fine to 
medium, som.e silt, some rounded gravels to 1-inch, 
non-plastic, loose, dry, massive, some foundry slag. /FILL) 

2.0-5.5 feet: SAND (SP), black, fine to medium, trace silt, 
some bricks & cobbles to 8-inch, non-plastic, loose, damp, 
massive. {FILLI 

Slight odor from pit. Water in pit exhibits a sheen. 

@ 4,5 feet: water seeps into pit. 

OVM - 3 ppm on black sands. 

Bottom of pit at 5.5 feet below ground surface. 
Installed temporary 1-inch piezometer from approximately 

4.0-5.5 feet below ground surface. 

' 

1 JOVM =. Organic Vapor Meter. 2tExcavates easUy. 

EMCON Northwest Inc. 0240-005,0e .2400'.:i .llfm/::J..fl/29/Sl ... SEEL TP. 2 

-



EXPLORATORY TEST PIT LOG 

PROJECT NAME Rhone-Poulenc Ag Company TEST PIT NO. ITP-15 
LOCATION Portland, OR PAGE 1 OF .1 
DRILLED BY GeoTech Explorations REFERENCE ELEV. 45.0T 
DRILL METHOD Backhoe 
LOGGED BY Rick Fredricksen 

SAMPLE RECOVERY 

NUMBER PERCENT 

SAMPLE 

"~· r ; Zw~ I w r ~rW ~~ ~ 

0 < > " ffi 3: ~ 0 • < m 
TYPE 
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TOTAL DEPTH 6.00' 
DATE COMPLETED 5/5/93 

UTHOLOGIC 

DESCRIPTION 

0-2.0 feet: SILTY-SAND (SP-SM), brownish gray, fine to 
medium, some silt, some rounded gravels to 1-inch, 
non-plastic, loose, dry, massive, some foundry slag. (FILL) 

2.0-5.0 feet: SAND (SP), black, fine to medium, trace silt, 
numerous rubble and construction debris (bricks, glass, 
metal, wood, concrete, etc.), dry, non-plastic, loose to 
medium dense, massive. (FILL) 

@ 3.0-3.5 feet: trace of blue and green hard enamel like 
substance found in TP-9C. 

: : · @ 4.5 feet: water seeps into pit. 
_ 4.5' 5--"-~r1--~---~--------------------< 

5.0-6.0 feet: SIL TY SAND (SM), tan, very fine to fine, some 
silt, low plasticity, firm, damp, massive, some gray 
mottling. (ALLUVIUM) 

-
Bottom of pit at 6.0 feet below ground surface. 

f-

-

-

-

- 10--

-

-

-

-

f------f----~-~15 
REMARKS 
1 )OVM = Organic Vapor Meter. 2)0ifficult to excavate. 

EMCON Northwest Inc. 0240-005 . 08 .2 4005 . slm/3. 6/ 2 9 /9 3 ... SEEL TP .2 
1.-r',n \~, 
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EXPLORATORY TEST PIT LOG 

PROJECT NAME Rhone-Poulenc Ag Company TEST PIT NO. ITP-16 
LOCATION Portland, OR 
DRILLED BY GeoTech Explorations 
DRILL METHOD Backhoe 
LOGGED BY Rick Fredricksen 

SAMPLE RECOVERY 

NUMBER PERCENT 
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TYPE 

REMARKS 
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PAGE 1 OF 1 
REFERENCE ELEV. 44.89' 
TOTAL DEPTH 7.50' 
DATE COMPLETED 5/5/93 

LITHOLOGIC 

DESCRIPTION 

0-1.5 feet: S1LW~SAND (SP-SM), brownish gray, fine to 
medium, SOllJe silt, some rounded gravels to 1-inch, 
non-plastic, loose, dry, massive, some foundry slag. (FILL) 

1 .5-7.5 feet: SILTY SAND (SM), tan, very fine to fine, some 
silt, low plasticity, firm, darilp, massive, some gray 
mottling. (ALLUVIUM) 

@ 5.0 feet: water seeps into pit. 

Bottom of pit at 7.5 feet below ground surface. 

1 )OYM = Organic Vapor Meter. 2)Excavate:. easily. 

EMCON Northwest Inc. 0240-005 .08 .24005 .slm/3.6/29193 ... SEEL TP .2 

1-.n 11,....., 



EXPLORATORY TEST PIT LOG 

PROJECT NAME Rhone-Poulenc Ag Company TEST PIT NO.' ITP- 2A 
LOCATION Portland, OR 
DRILLED BY GeoTech Explorations 
DRILL METHOD Backhoe 
LOGGED BY Rick Fredricksen 

SAMPLE RECOVERY 
~ 2 O~w II-
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PAGE 1 OF J 
REFERENCE ELEV. 45.62' 
TOTAL DEPTH 11.50' 
DA TE COMPLETED 4/29/93 

LITHOLOGIC 

DESCRIPTION 

0-0.7 feet: Slll'Y"-GRAVEL (GWJ, black with orange 
oxidation, angular to 1-inch, firm to compact, dry, 
non-plastic. (OIL-MA TT ROAD SURFACE) ( 

0.7-1.8 feet: SILTY SAND (SM). dark gray, very fine to fine, 
some silt, low plasticity, damp, loose, shows black r 
streaks, trace wood debris. (ALLUVIUM) 

@ 1.0 feet OVM = 0 

1.8-11.5 feet: SIL TY SAND (SM), tan, very fine to fine, 
some silt, low plasticity, moist to damp, loose, black 
mottling. (ALLUVIUM) 

@ 1.8 feet: slight odor. 
@ 4.0 feet: OVM = 0 

@ 6.5 feet: Becomes bluish gray in east half of test pit, 
OVM = 1.9 ppm 

-
@ 7 .5 feet: OVM = 400 ppm 
Heavy odor. 

@ 9.5 feet: becomes wet. 

@11 .0 feet: water seeps into pit. 

Bottom of pit at 11.5 feet below ground surface. 

~~~~~~~~~~~~~-15~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~--' 

REMARKS 
1 )OVM = Organic Vapor Meter. 2)Excavates easily, sidewalls hold firm. 

EMCON Northwest Inc. 0240-005 .08.24005 .slm/3 .6/29/93 ... SEEL TP .2 

.-,-:-_ --- ,-.. '' /., 



( EXPLORATORY TEST PIT LOG 
PROJECT NAME Rhone-Poulenc Ag Company 
LOCATION Portland, OR 
DRILLED BY Geo Tech Explorations 
DRILL METHOD Backhoe 

__ 7?LV1 
TEST PIT NO. ITP- 2B 
PAGE 1 OF 1 
REFERENCE ELEV. 45.76' 
TOTAL DEPTH 12.00' 
DA TE COMPLETED 4/30/93 LOGGED BY Rick Fredricksen 

SAMPLE 

NIJMBfR 

SAMPLE 

TYPE 

J\(COV(ftY 

PERCENT 

REMARKS 

LITHCLOG!C 

DESCRl?TiON 
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0.5-1.3 feet: SILTY SANO (SP-SM), black, few silty fines, 
damp, loose, non-plastic, some bricks, metal and wood 
debris. (FILL) 
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1.3-12.0 feet: SILTY SAND (SM). bluish gray, very fine to 
fine, some silt, low plasticity, loose, damp, low plasticity, 
trace wood debris. (ALLUVIUM) 

@ 4.0-5.0 feet: becomes brownish tan 
Heavy creosote odor from 4.0 feet . 

@ 5.0 feet: OVM = 2.0 ppm. 
@ 5.0-12.0 feet: becomes bluish gray. 
Bluish gray soil decreases across pit from north to south. 

@ 8.0 feet: OVM = 289 ppm. Ambient air over pit reads 59 
ppm on OVM. 

@ 9.5 feet: water seeps into pit. 

Bottom of pit at 12.0 feet below ground surface. 

f 

1 }CVM = Organic Vapor Meter. 21Excavates e;n;l!y, sidewalls hold. 310b:.~rved soil !:Uining 3t \lepth. 

,E,,,M=CO=N-'N"'o"-r,,.thc,w,.,eceS"-t-'l'-'ncec. ______________________ -'oC:;-"40,;..;oo=s·;;;OB:::..2:c•;;;CD:::.5;;;·•:::.•m:::.r:::."·•:::.•:::.'•"'1s;.;,ac· ·;;;SE:::.E::;.LT~'"'·'--=~. e; 
......--~. (i 1....i.... 



EXPLORATORY TEST PIT LOG 

PROJECT NAME Rhone-Poulenc Ag Company 
LOCATION Portland, OR 
DRILLED BY GeoTech Explorations 
DRILL METHOD Backhoe 
LOGGED BY Rick Fredricksen 

SAMPLE FIECOVCFIY .1 

~·C~T i 
0 ~ 

NUMBER z ~ 
=> ~ 

SAMPLE 
0 < 

! 
i3 ~ 

TYP( 

TEST PIT NO. ITP- 3 
PAGE 1 OF 1 
REFERENCE ELEV. 45.38' 
TOTAL DEPTH 5.00' 
DATE COMPLETED 4/30/93 

LITHOLOGIC 

DESCRIPTION 

'
0 
° 

0 
° 0-0.4 feet: liRA:VEL (GP), gray, trace silt, dry. (ROAD 

- 1,-'a,,.;',-,;'lh GRAVE LI 

0.4-1.3 feet: SILTY SAND (SM), tan, purple, greenish gray, 
r 

H,;-i-;+.;fh some silt, trace of rounded gravels to 1 /2-inch, r 
non-plastic, loose, damp, to slightly compact. (Fill) 

REMARKS 

-
-

1.3-5.0 feet: SILTY SAND (SM), black very fine to fine, 
some silt, low plasticity, some cobbles to 18-inches, 
compact, dry. Numerous bricks, wood debris, glass, and 
crushed 55 gallon drums, chemical odor. !FILL) 

@ 4.5 feet: water seeps into pit. r 'Sf. 

4.5' - 5-- Bottom of pit at 5.0 feet below ground surface. 

-

-

-

-

-

-

-

-
-

-

-
-

10-

Installed temporary 1-inch pie2ometer with 1.5 feet hand 
sawed slotted section from approximately 3.5-5.0 feet 
below ground surface. 

15-~--~--------------------------< 

1 )OVM = Organic Vapor Meter. 2)b:.cavates easily. 

EMCON Northvvest Inc 0240-005 .08 .24005 .!ilm/3.6/29193 ... SEEL TP. :' 



EXPLORATORY TEST PIT LOG 

PROJECT NAME Rhone-Poulenc Ag Company TEST PIT NO. ITP- 4 
LOCATION Portland, OR PAGE 1 OF 1 
DRILLED BY GeoTech Explorations REFERENCE ELEV. 45.18' 
DRILL METHOD Backhoe 
LOGGED BY Rick Fredricksen 

SAMPU 

NUMBER 

SAMPU 

TYPE 

RECOVERY 

PERCENT 

REMARKS 
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TOTAL DEPTH 7.50" 
DATE COMPLETED 4/30/93 

LITHOLOGIC 

DESCRIPTION 

0 
° 

0 
°, 0-0.5 feet: GRAVEL JGP) gray, medium to 1 /2-incb, trace 

\ fines, loose, dry. (ROAO FILL) 

0.5-3.0 feet: SIL TY SAND (SM) black, fine-medium, some 
silt, non-plastic, loose, wet. Some wood debris, 5 and 10 
gallon plastic and metal containers. (FILL) 

3.0-7.5 feet: SILTY SAND (SM), bluish gray, very fine to 
fine, some silt, low plastiClty, loose, wet, massive. 
(ALLUVIUM) 

@ 4.0 feet becomes tan with gray mo"ttling, OVM - 11.8 
ppm. 

@ 4.5 feet: water seeps into pit. 

@ 5.5-6.0 feet: becomes moist to damp. 

Bottom of pit at 7.5 feet below ground surface. 
Installed temporary 1-inch piezometer with 1.5 feet of hand 

sawed slotted section from approximately 4.5-6.0 ·feet 
below ground surface. 

1 I OVM = Organic Vapor Meter. 21Excavates easily. 

EMCON Northwest Inc. 0240-005.08 .24005 .slm/3 .6/29/93. _. SEEL TP .2 

r 
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EXPLORATORY TEST PIT LOG -

PROJECT NAME Rhone-Poulenc Ag Company TEST PIT NO. ITP- 5A 
LOCATION Portland, OR 
DRILLED BY GeoTech Explorations 
DRILL METHOD Backhoe 
LOGGED BY Rick Fredricksen 

SAMf'l.E RECOVERY • z D ~ w z r 
NUMBER PERCENT z w ~ r ~ ~ 6 b! ~ 

~ r w • " 0 ~ D < > ·~ • SSC: SAMPLE w 
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PAGE 1 OF 1 
REFERENCE ELEV. 42.97' 
TOTAL DEPTH 7 .00' 
DA TE COMPLETED 5/3/93 

UTHOlOGIC 

OESCRJPTION 

0-5.0 feet: SANDV SILT (MLJ, chocolate brown, some sand, 
low plasticity, firm, moist. Numerous boulders, large 
concrete debris, bricks and wood. (FILL! 

@ 4.5 feet: water seeps into pit. 

5.0-7 .0 feet: SIL TY SAND (SML tan with some gray 
mottling, some silt, slightly compact, moist to damp with 
depth, massive. /ALLUVIUM) 

Bo~om of pit at 7 .0 feet below ground surface. 

1) OVM = Organic Vapor Meter. ZJDifficult to excavate through rubble. Some conO"ete up to 4X4'. 4)Pit sloughs badly 1rom 

4.0-7.0 feet. S)Excavates easily past 5.0 feel. 

EMCON Northwest Inc. 0240-005.08.24005 .slm/3. 6129/93 ... SEEL TP .2 



EXPLORATORY TEST PIT LOG 

PROJECT NAME Rhone-Poulenc Ag Company TEST PIT NO. ITP- 58 
LOCATION Portland, OR 
DRILLED BY GeoTech Explorations 
DRILL METHOD Backhoe 
LOGGED BY Rick Fredricksen 

SAM.Plf 
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PERCENT I 
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PAGE 1 OF .1 
REFERENCE ELEV. 43.02' 
TOTAL DEPTH 5.00' 
DA TE COMPLETED 5/3/93 

LITHOLOGIC 

DESCRIPTION 

0-5.0 feet: SAND-Y SILT (ML), chocolate brown, some sand, 
low plasticity, firm, moist. Numerous boulders, large 
concrete debris, bricks and wood. (Fill) 

@ 4.5 feet: wet. 

Bottom of pit at 5.0 feet below ground surface . 
Installed temporary 1-inch piezometer to with 1.5 feet hand 

sawed slotted section from approximately 3.5-5.0 feet 

below grou.nd surface. 

1) OVM = Organic Vapor Meter. 2)0ifficulT. to excavate through rubble. Some concrete up to 4X4'. 

EMCON Northwest Inc. 0240-005 .08 .24005 .slm/3.6/29/93 ... SEEL TP. 2 
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EXPLORATORY TEST PIT LOG - -
PROJECT NAME Rhone-Poulenc Ag Company TEST PIT NO. ITP- 6 
LOCATION Portland, OR 
DRILLED BY GeoTech Explorations 
DRILL METHOD Backhoe 
LOGGED BY Rick Fredricksen 

SAMPL.f RECOVERY 

~ o~~ :c f-
NUMBER PERCENT zw~ f-w 

"f- w fu If ~ 
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PAGE 1 OF .1 
REFERENCE ELEV. 44-.48' 
TOTAL DEPTH 12.00' 
DA TE COMPLETED 5/3/93 

LITHOLOGIC 

DESCRIPTION 

0-0.5 feet: GRAVEL (GP), gray, medium to 1 /2-inch, trace 
fines, loose, dry. (ROAD FILL) 

0.5-2.0 feet: SAND (SP), black, medium, loose, dry. Shows 
multi-colored areas of green blue, tan, brown, and white. 
Numerous bricks as foundry waste. (FILL) 

r 

\@ 1.5-2.0 feet: some foundry slag. f 
'=-=-~~~~~~~--~~-----' 

5-

f-

-

-

_'Sj_ 10-

10.0' 

-

15 
REMARKS 

2.0-12.0 feet: SIL TY SAND (SM), tan, very fine to fine, 
some silt, low plasticity, low to medium dense, damp, 
massive, mottled gray. (ALLUVIUM) 

@ 10.0 feet: water seeps into pit. 

Bottom of pit at 12.0 feet below ground surface. 

1 )OVM = Organic Vapor Meter. 2)Excavates easily. 



EXPLORATORY TEST PIT LOG 

PROJECT NAME Rhone-Poulenc Ag Company TEST PIT NO. ITP- 7 
LOCATION Portland, OR PAGE 1 OF l 
DRILLED BY Geo Tech Explorations REFERENCE ELEV. 44.05' 

TOTAL DEPTH 12.00' 
DA TE COMPLETED 5/3/93 

DRILL METHOD Backhoe 
LOGGED BY Rick Fredricksen 

SAMPLE RECOVERY 

NUMBER PERCENT 

SAMPLE 

TYPE 

" c~ It;; Zw ~ 
~ r r w " 0 < :t ~ ~ 
~3 C ~ < 
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LITHOLOGJC 

DESCRIPTION 

' ' --lh 0-0.2 feet: GRA'VEL (GP), gray, medium to 1 /2-inch, trace 
fines, loose, dry. (ROAD FILL) / 

0.2-1.0 feet: SAND (SP), black, medium, loose, dry. Shows r· 
multi-colored areas of green blue, tan, brown, and white. 
Numerous bricks as foundry waste. (FILL) 

1 .0-12.0 feet: SIL TY SAND (SM), tan, very fine to fine, 
some silt, low plasticity, low to medium dense, damp, 
massive, mottled gray. (ALLUVIUM) 

@ 1.0 feet: some foundry slag. 

@ 10.0 feet: wet. 

@ 10.5-12.0 feet: becomes dark gray. 
Water in bottom of pit shows floating sheen and slight odor. 

Bottom of pit at 12.0 feet below ground surface. 

15-~--~------------------------J 

REMARKS 
1)0VM = Organic Vapor Meter. 

EMCON Northwest Inc. 0240-005 .OB.24005 .!lim/3.6/2919 3 ... SEEL TP .2 

- ....... -- --r 
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EXPLORATORY TEST PIT LOG 

PROJECT NAME Rhone-Poulenc Ag Company TEST PIT NO. 
PAGE 

ITP- 8 
1 OF 1 LOCATION Portland, OR 

DRILLED BY 
DRILL METHOD 
LOGGED BY 

SAMPLE I RECOVER'( 

NUMBER : PERCD.T 

SAMPl..£ 

' 

GeoTech Explorations 
Backhoe 
Rick Fredricksen 

0 0 
0 0 C 

/ 

REFERENCE ELEV. 41.88' 
TOTAL DEPTH 5.00' 
DATE COMPLETED 514193 

LITHOLDGIC 

0( SC R.'PT!ON 

0-0.5 feet: GRAVEL iG..-1, gray, mea,um to 112-inch, trace 
- --h-A--..P..h fines, loose, dry. !ROAD FILL) r 

. -
" = 

- --
-
- -
- = 

- '5]. -

- 4,5' 5-

~ -
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-

- --
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-
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- 10-
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f- --
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- -

- -
- -

. ' 

! 

0.5-3.0 feet: Sil TY SANO {SMJ, black, tan, and white, 
fine~medium, some silt, compact, damp, massive, some 
foundry waste. (FILL) 

3.0-4.0 feet: GRAVELLY SAND !SM), dark brown, fine to 
medium, some rounded gravels to 2-inch, few cobbles to 
18-inch, trace silt, compact, wet, massive. (FILL) -

, ________________________ _/ 

4.0-5.0 feet: SILTY SAND {SM), bluish gray, very tine to 
fine, some silt, firm, wet, massive. (ALLUVIUM! 

Slight phenolic like odor. 
Pit nearly fills with water. 

Bottom of pit at 5.0 feet below ground surface. 
Installed temporary 1-inch piezometer with 1 .5 feet of hand 

sawed slotted section from approximately 3.5-5.0 feet 
below ground surface. 

I 

;:::=.==:::::::;;::;;=:::::;;:::::;;:::::=:.11_.:!..5 =========================J REMARKS 
llOVM "" Organic Vapor Meter. 2lExca'll,;He5 moderately hard. 

£MCON Northwest Inc. 0240..005,08.24005 .s/m/'.'..6i2S!!! 3.,. 5££!:. TP .;; 



EXPLORATORY TEST PIT LOG 

PROJECT NAME Rhone-Poulenc Ag Company TEST PIT NO. ITP- 9A 
LOCATION Portland, OR 
DRILLED BY GeoTech Explorations 
DRILL METHOD Backhoe 
LOGGED BY Rick Fredricksen 

SAMPLE RECOVERY 

NUMBER PERCENT 

SAMPLE 

TYPE 

a~• 
Zw~ 
:, ~ w 
0 < > 
~ 3: ~ 

-

f-

- 5j. 
3.5' 

~ I~ ~::: 
a~ a 
w ~ 
0 ~ < -

z 
6 S! :E 
I O :0 
~a~ 
:; ...J 0 

u 

.... . 1 · 1 · 

PAGE 1 OF .1 
REFERENCE ELEV. 45.32' 
TOTAL DEPTH 4.50' 
DATE COMPLETED 5/4/93 

LJTHOLOGIC 

DESCRIPTJON 

0-0.7 feet: Sltl'Y'SAND (SP-SM), brown, fine to medium, 
little silt, trace rounded gravels to 1-inch, non-plastic, 
loose, dry, massive. (FILL) 

0. 7-4.0 feet: SAND (SP), black, fine to medium, trace silt, 
non-plastic, loose, wet, massive, foundry waste. (FILL) 

@ 3.0-3.5 feet: water seeps into pit. 

Sand extends approximately 15 .0 feet across pit and then 

r 

· · · pinches out. · / ll ',4 ___ 0-4 ___ 5_f_e_e_t_: _S_I_L_TY __ S_A_N_D_(_S_M_J_, -ta_n_,_v_e_r_y_f_i_n_e_t_o_f-in_e_,_s_o_m_e_.,~ 
-

-

-

-

C 

-
-

-

-
-

-

-

REMARKS 

5-

10-

silt, low-medium plasticity, soft, wet, massive, has bluish 
sheen. (ALLUVIUM) 

OVM = 680 ppm with heavy odor. 

Bottom of pit at 4.5 feet below ground surface. 
Installed temporary 1-inch piezometer with 1.5 feet of hand 

sawed slotted section from approximately 3.0-4.5 feet 
below ground surface. 

1 )OVM = Organic Vapor Meter. 2)b:cavates easily. 3)SidewaHs of trench slough and cave severly. 4)Soil is stained at 

depth. 

EMCON Northwest Inc. 0240-005 .OB. 24005 .slm/3.6/29/93 ... SEEL TP .2 

r, ~ 



EXPLORATORY TEST PIT LOG 

PROJECT NAME Rhone-Poulenc Ag Company TEST PIT NO. ITP- 98 
LOCATION Portland, OR 
DRILLED BY GeoTech Explorations 
DRILL METHOD Backhoe 
LOGGED BY Rick Fredricksen 

SAMPLE RECOVERY 
~ 0~ 

IC 
z 

NUMBER PERCENT z w ~ 6~~ 
~" "W ~ IC~ 
0 < ~ ~ 

" " 0 " SAMPLE w 
~ ~ 0 ~ < ::; ...J 8 

~ 
TYPE 

- -

" -

" -

~ --

- -
-

f- -

" .sz -
D 

>-- 4.5' 5 

-

-

-

- 10-

- --

-

-

15 
REMARKS 

' 

PAGE 1 OF 1 
REFERENCE ELEV. 45.73' 
TOTAL DEPTH 5.00' 
DATE COMPLETED 5/4/93 

LITHOLOGIC 

DESCRIPTION 

(}. 1 . 0 feet: SlL"fY'-SAND (SP-SMI, brown, fine to medium, 
little silt, trac.e rounded gravels to 1-inch, non-plastic, 
loose, dry, massive. (FILL) 

1.0--4.5 feet: SIL TY SAND (SMI. light brown, very fine to 
fine, some silt, few gravels (subangular to 3-inch), low 
plasticity, loose, damp, massive. (FILL) 

@ 4.0-4.5 feet: a 6-inch perforated corregated metal drain 
pipe. 

4.5-5.0 feet: SIL TY GRAVEL (GP-GMI. greenish blue, coarse 
(subangular to 3-inch), some silt, compact, wet, massive. 
(FILL) 

OVM = 410 

Bottom of pit at 5.0 feet below ground surface. 

1 )OVM = Organic Vapor Meter. 2)Excavates easily. 3)Silty gravel is drainfield for 6-inch cmp. 

EMCON Northwest Inc. 0 2 40-005 .08 . 24005 .slm {3 . 6/ 29/9 3 _ .. SEEL TP. 2 

~ 

r 



C PY 
EXPLORATORY TEST PIT LOG 

PROJECT NAME Rhone-Poulenc Ag Company TEST PIT NO. ITP- 9C 
LOCATION Portland, OR 
DRILLED BY GeoTech Explorations 
DRILL METHOD Backhoe 
LOGGED BY Rick Fredricksen 

SAMPLE RECOVERY 

~ 0~ It;; 0 u NUMBER PERCENT Zw 
~ r r w ~ I " ~ ~ 

SAMPLE 0 "" w ~ s~ ~ ;; 0 " "" -TYPE 

- -

-

-

z 

" ~ 
0 
u 

PAGE 1 OF 1 
REFERENCE ELEV. 45.69' 
TOTAL DEPTH 5.00' 
DA TE COMPLETED 5/4/93 

LITHOLOGIC 

DESCRIPTION 

0-1.0 feet: SIL l"Y"SAND {SP-SM), brown, fine to medium, 
little silt, trace rounded gravels to 1-inch, non-plastic, 
loose, dry, massive. (FILL) 

1 .0-5.0 feet: SIL TY SAND {SM), light brown, very fine to 
fine, some silt, few gravels (subrounded, to 3-inch), low 
plasticity, loose, damp, massive. (Fill) 

@ 2.5-5.0 feet: becomes dark gray with multi-colored clays 
of blue, green, white and magenta. 

@ 3.0 feet: heavy odor and OVM - 980 ppm. 

@ 4.5 feet: wet. 

~'l 5--,~~..-,..~---~~~~~--~~---~-~---------j 
Bottom of pit at 5.0 feet below ground surface. 

,- 5.0' 

-
-

f-

10-

f-

f-

f-

15-~--~-------------------------, 

REMARKS 
1 )OVM "" Organic Vapor Meter. 2)Excavates easily 

EMCON Northwest Inc. 0240-005.08.24005 ... lm/3.6/29193 ... SEEL TP .2 



PROJECT: RPAC - PDX 

j C:\evation Reference: POX Datum 

Relative Ground Sur.ace Elevation: 34.7 Feet 

oth I 
,11 I SOIL DESCRIPTION 

Well Completed: NA 

Relative Casing Elevation: NA 

0 
Mixed silt. sand, c!ay, and crushed rock 
FILL 

I 

BORING No.: LA-01 PAGE 1 OF 1 

Boring Method: Geoprobe 

Borehole Diameter {in.): 2.0 

AS-BUil T DESIGN 

-Bentornte Chrps 
Cap 

Hole was 
backfilled with 
bentonite grout 

~ >..., 
"' z 
"' 

, Larger gravel to cobble FILL at 3.5-4.0 . Neg ,.,,_,..,, +--+ml- 4.1 
\feet (noted b'lJl'C)be resistance). /t I 

PAC 
lsu1TE 

5 

10 

15 

20 

25 

Medium dense. damp grading to wet ' 
at 5.5-6.0 feet, buff (white) and black, I 
medium-grained. foundry sand FILL I 
with gravel. Mild odor at base. I 

Note: Nearby ponded surface water l' 
percolates through granular 
FILL and enters borehole at 5.5 
feet wtiile retrieving sample 
core. 

Total depth = 8. 0 feet. 

LEGEND 

2.0-inch 0.D. Geoprobe 
soil core sample 
with % recovered 

RPAC Soil Analysis 
SUITE (8041, 8081, 8141A, 

""__':J 8151A, 8290, 82609, 
8270, 601017000!200.7, 
7470r7471, NWTPH-Dx., 
80S2) 

I 

PROJECT NUMBER: 0-61M-10703-<l T52 

RPAC - PDX 
Portland, Oregon 

AMEC EARTH & ENVIRONMENT AL, INC. 

l 7477 SW Te:;;h Center Drive 
P-::irtland, Oregon 97223-8G25 
Phone (503) 63S-3400 FAA (503) 620-7892 

---~------'---~~___J 
Drilling Started: i2:~a,oo Drilling Completed: 121,a,oo Logged By: S. BourcyfL. Jancz3K/S. Kahrs/F. Kumano 

\107C31LA",,0RW 

1A-r;\ 



lf~\ {?'~\.\ rr}f~"·~. 
PROJECT: RPAC - POX ':.'.\,./;; -:\:.:.-

Elevation Reference: POX Datum Well Completed: NA 

Relative Ground Surface Elevation: ~s.:; Feet Relative Casing Elevation: NA 

•.h 

0 

5 

10 

<s 

20 

25 

SOIL DESCRIPTION 

Mixed silt. sand, clay, and gravel FILL. 

Organics (wood debris). 

Red brick and grave FILL to 5.0 feet. 

Medium dense, damp grading to wet 
at 6.5 feet, black. medium-grained, 
foundry sand FILL with organics 
(wood). Organic-like odor. 
Soft at 6.5 feet (out of coarse FILL). 
Groundwater encountered at 6.5 feet. 
Large pit run cobble FILL encountered 
at 7.5 feet. 
Difficult probing due to mixed and 
coarse FILL. 

Total depth= 8.0 feet. 

LEGEND 

2.0-inch 0.0. Geoprobe 
soil core sample 
with % .,-ecovered 

• a. 
E 
•a "'-

Soil Analysis 

• a. • 
E =.. . ~ "' ... 

I 

(81)41, 8081, 8141A, 
8151A, 8290, 82608, 
8270, 6010T7000l200.7, 

BORING No.: LA-02 PAGE 1 OF 1 

Boring Method"~ Geoorobe 

Borehole Diameter (in.): 2.0 

AS-BUILT DESIGN 

Bentonite Chrps 
Cap 

Hole was 
backfilled with 
bentonite grout. 

"' w 

"' >.., 
" z 

" 

PAC 
SUITE 

PROJECT NUMBER: 0-61M-10703-0 T52 

RPAC- POX 
Portland, Oregon 

7.470n471, NWTP!-1-Dx, 
y Encountered groundwater level 8082) AMEC EARTH & ENVIRONMENT AL, INC. 

I WD while drilling 7477 SW Tech Center Onve 

I 
Portland, 0-egon 97223-8025 

-~~=-~--=--------~~~----,-===------,-'-P-h_o~ne~(S_0-,3,-)"6,-3&---c34_Ccc0-----cFc-AA=-c:(c,50=3),-6"2.,.D-.,-78-,9~2-,.,--,---:-:~ 
Drilling Started: i2118JOO Drilling Completed: 12118/00 Logged By: S. Bourcy/L Janczak/S. Kohrs/F. Kumano 

110iOJ\LA:Z,:tRW 

.- (' '; 



·~, .<-':"~~'?· r,:,~--. ~:,,, '" 

PROJECT: RPAC - PDX 
t·..t;:--~:; '\L....i·. ~-~;,,- ll. 

---
Elevation Refernr,ce; POX Oatum Well .:::ompleted: NA 

Relative Ground Surlace Elevation: JS.a Feet Relatrve Casing Elevation: NA 

0 

5 

·th 
t) SOIL '.:IESCRIPT!ON 

Silt, sand, and clayey gravel FILL with 
some organics and wood fcagments \o 
6.0 feet. Low recovery due to FILL 

FILL at 5 0-6 0 feet (crushed. black 
battery casings). Mild organic-like odor. 

I 
l 
I 

Groundwater encountered al 7.5 feet. i 
10-+---------t-i 

Total depth= 10.0 feet. 

20 

LEGEND 

2..D-inch O.D. Geoprobe 
soil core sample 
with"/., recovered 

y Encountered groundwater level 
WO wniie drilling 

j 
IRPAC I Soil Analysis 
!SUITE, (9041, 9091, B141A. 
l_ ....... , B151A, 8290, 8260B, 

9270, 6010'70QQ/200.7. 
747017471, t\lWT'PH~Oy;, 
8092) 

Drilling Staned: 12118100 ,:)rilling Completed: 12118/00 

SORlNG No.: LA-03 PAGE 1 OF 1 

1 
t 
l 

I Boring Methocr'. Geoprobe 

Borehole Diameter (In.}: 2.0 

AS-BUILT DESIGN 

Bentonite 
Cap 

Hole was 
backfilled with 
bentonile grout. 

+ 

-

I 

r 
PROJECT NUMBER: 0-61M-10703-0 T52 

RPAC- PDX 
Portland, Oregon 

~ 
z 
"' 

AMEC EARTH & ENVIRONMENT AL, INC. 

1

7477 SW Tech Cerrter Drive 
Porlla~a. OregDI' 972.23-8025 
Phor,e (503) 639-3400 FAA (5J'.l) 62(;.7892 

Logged By: $. SourcylL JanczakJS. KohNi,'F. Kumano 
\1C703\:,.A;;._DR'W 



PROJECT: RPAC - POX BORING No.: LA-04 PAGE 1 OF 1 

I Elevation Reference: POX Datum Well Completed: NA 

Relative Ground Surface Elevation: 36.5 Feet Relative Casing Elevation: NA 

,,hi 
l) 

o 

5 

10 

15 

20 

25 

SOIL DESCRIPTION 

Medium dense to dense, silty, sandy 
gravel Fl LL with occasional organics 
and coarse rock at 1.0-2.0 feet. Hard 
probing. 

-= 
.!1' 
__, -• > • ::, >-

~ 
0. 
E 
•a "' -

Mixed gravel Fl LL and concrete debris A 

at 4.0-5.0 feet I c,,.,_,, 
Medium stiff, damp, mottled, brown, 
fine, sandy silt FILL with fine gravel at;--Neg 

.o-5.5 feet. I 
Medium dense, damp, mottled, gray, 
fine-grained, clayey, silty sand Fl LL to - T 
sandy silt FILL with subangular to 
subrounded gravel (to 2. 0-inch 
diameter). 
Concrete debris encountered at 7. 75 
eet. 

Total depth: 8.0 feet. 

LEGEND 

~ Soil Analysis 

• 
"§. QI 
C 0. • ~ "' >-

2.0-inch 0.0. Geoprobe 
soil core sample 
with % recovered 

1;;uii-E 118041, 8081. 8141A, 
t::.:::.:...:.. B151A, 8290, 82606, 

• C, 
~ C 
;::. ~ 
.!, • 
C • > a: 
ppm 

0.6 

D.3 

8270, 6010'7000/200.7, 
747017471, NWTPK-Dx, 
8082) 

Driliing Started· 12119/00 Drilling Completed:: 12119100 

" ;; " • c-" . "'~ 

I 
Boring Method: Geoprobe 

Borehole Diameter {in.): z_o 

AS-BUILT DESIGN 

Bentonite Chips 
Cap 

Hole was 
backfilled with 
bentonite grout. 

PROJECT NUMBER: 0-61M-10703-0 T52 

RPAC- PDX 
Portland, Oregon 

-, 
"' UJ 

"' >__, 

" z 

" 

I 

AMEC EARTH & ENVIRONMENT AL, INC. 

7477 SW Te::."'\ Center Dnve 
Portland, Or~on 9722.~G25 
Pnore (503) 63S-3400 FAX (503) 62(,. 7892 

Logged By: S. SourcylL. Jana.ak.lS. Kohrs 
\107CJl:..M DRW 



PROJECT: RPAC - POX BORING No.: LA-05 PAGE 1 OF 1 

Ele.,.. ation Reference: PDX Datum Well Completed: NA 

Relative Ground Surface Ele.,..ation: 37.9 Feet Relative Casing Elevation: NA 

,th 
,t) 

0 

5 

10 

20 

25 

SOIL DESCRIPTION 

Very dense, coarse, silty, sandy gravel 
FILL to 5.0feet. Pre-probed with closed 
tip from 0.0-4.0 feet. 

Medium stiff to stiff, damp, mottled, dark 
olive-gray, clayey silt FILL with trace 
fine-grained sand, organics, occasional 
subrounded gravel, and some red brick 
fragments. Decomposed organic-like 
odor. 

oncrete debris encountered at 7.0 fee 

Total depth= 8.0 feet. 

LEGEND 

T 2.0-inch D.D. Geopr'obe 
~ soil core sample 

_]z with% recovered 

RPAC 
SUITE 

• C, :c m -" :E -" = C. c. m :;:: =o _, -
> ~ E E c. -" . 

0 • • 0 • >-:, .... "' - "' .... > a: 
ppm 

"' 
I L-05.-5--01 

Neg 

I ... 

Soil Analysis 
(8041, 8081, 8141A, 
8151A, 8290, 82608, 
8270, 6010i7000/2D0.7, 
7470fl471, NV<TPH-Dx, 
8082) 

0.2 

Drilling Started: 12/19/00 Drilling Completed: 12119/00 

"C 

= " ~ m 
0 -" . "'~ 

Boring Method: Geoprobe 

Borehole Diameter (in.): 2.0 

AS-BUILT DESIGN 

Bentonrte Chips 
Cap 

Hole was 
backfilled with 
bentonite grout. 

"' UJ 

"' >_, .. 
z .. 

!RPACl 
i§__LJfilJ 

PROJECT NUMBER: 0-61 M-10703-0 T52 

RPAC- PDX 
Portland, Oregon 

IAMEC EARTH & ENVIRONMENTAL, INC. 

7477 So/I/ Te:::h Canter Drive 
Portland, Oreaon 97223--8025 
Phone (5C3) 62S-3400 rAA (503) 520-7892 

Logged By: S. 6ourcy/L. Janc=al',/S. Kohrs 
11C.7D3\U.5.DRW 



PROJECT: RPAC - POX 

t.f,.';Z..\. r~--.:,_'\t-. :?'Jc~ .. 
'·.:':\:-.'i:-.'\..:' 

I 
Elevation Reference: POX Datum 

Relative Ground Surlace Elevation: 35.7 Feet 

Well Completed: NA 

Relative Casing Elevation: NA 

0 

5 

10 

20 

25 

th 
.t) SOIL DESCRIPTION 

Medium dense, damp, mottled, gray
brown, mixed silt, clay, sand, and gravel 
FILL with organics. Gravel ranges from 
approximately 114-inch to 3.0-inch. 
Probed with closed tip from O 0>-4.0 feet 
due to perched surface water near 

',boring and in gravel FILL. /' 
Medium stiff, damp, reddish brown, 
clayey silt FILL with occasional organics 
and subrounded gravel to 5. 75 feet. 

1 Medium stiff to stiff, damp grading to 

... 
I 

• C. 
E 
• Cl 
"' -

Neg L-06-6--01 

l 

• 
C. • 
E c. . ~ 
"' .... 

~

wet at 7. 75 feet, mottled, olive-gray, 
· slightly plastic, clayey silt FILL with 

gravel and organics. 

Silty, sandy layer with trace 
subrounded to angular gravel from 
7 .0-8.0 feet. 

Total depth= 8.0 feet. 

LEGEND 

2.0-inch O.D. Geoprobe 
soil core sample 
with % recovered 

iRPAC I Soil Analysis 
lsulTE (8041, 8081, 8141A, 
t:'.'....:'...'.... 8151A, 8290, B2608, 

8270, 6010!70001200.7, 
747Dn471, NWTPH-Dx., 
8082) 

Dnllmg Started: 12!19JOO Dnllmg Completed: 12119/00 

BORING No.: LA-06 PAGE 1 OF 1 

0.5 

0.0 

Boring Method: Geoprobe 

Borehole Diameter (in.): 2.0 

AS-BUILT DESIGN 

Bentonite hips 
Cap 

Hole was 
backfilled with 
bentonite grout. 

"' LU 

"' >..., 
" z 
" 

PAC 1 

$_UITE 

PROJECT NUMBER: 0-61M-10703-0 T52 

RPAC-PDX 
Portland, Oregon 

AMEC EARTH & ENVIRONMENT AL, INC. 

7 477 SW T e:h Center Drive 
Portland, Oregon 9722~025 
Phone (503) 639-3"00 FAX (503) 620-7892 

Logged By: S. Bourcy/L. Janc;::ak1S. Kohrs 
\10703\J.A!i Di'lW 



PROJECT· RPAC - POX BO'i:ING No.: LA-07 FAGE10F1 
' 

l Elevation Reference; POX Datum 

Relative Ground Surface Elevation: 36.0 Feet 

Well Completed: NA 

Relative Casing Elevation: NA 

'.h 

-1 

0 

J 
~ 

5-

-

-

-

-
10-

-

-
-

-
·<-

-
-
-
-

20-

-
-
-
-

25-

-
-
-
-

30 

~, 
E> • .'1 ~r1 C. C. • SOIL DESCRIPTION _, - E - " 
> ~ E c. .'1 • 

~ Cl 
. ~ 0 • 

:, f- "' >- > 0: 

Mixed silt. sand, and coarse gravel FILL lPPm1 

(112-,nch to pit run). Pre-probed wilh 
closed Up from 0.0--4.0 feet due to • ' • . 
perched water in FILL. 

• 
.i 

V,~ 

Medium dense, damp, mottled, dark -1- II L-C7-S-01-
I:;:: ~ 0.0-

gray, clayey, silty GRAVEL with Neg 
'/ 

nne-grained sand and organics. I 
Becoming slightly wet at base of ... , 

sample_ /, , , 

Total depth= 7.0 feet due to refusal in ., 
concrete rubble. 

LEGEND 

Z.0-inch O.D. Geoprobe 
soil core sample 
with % recovered 

-- -~ --

-

- _, -

- + 

, - , 

-- - -- --

--
- -

-

-- -- -" 

-- -

-- - --
--

' 

-- -- --
--
--

-- --
-- -

RPAC Soil Analysis 
SUI~~ I (8041, 8081, 8141A, 

.'..:J 8151A, 8290, 82608, 
B270, 601017000/200.7, 
7470/7471, N'NTPH-Dx:, 
B082) 

--

-

-

-

--

. 

. 

I 
;? 

I 5 " ! e • " ~ 

Bering Method: Geoprobe 

Borehole Diameter {in.): 2.0 

AS-BUil T DESIGN 

t 

"' w 
"' >_, 
"' z 
"' 

-KPAC I' 
lfil)ITE 

-

. -

-

-

PROJECT NUMBER: 0-61M-10703-D T52 

RPAC- POX 
Portland Oregon 

AMEC EARTH & ENVIRONMENTAL, INC. 

1

7477 SW Te:h Cern.er Dnve 
Portland. Oregon 97223-8025 
Phone (503) 639,-3400 FAX t5C3) 620-7S92 

I 
Drilling S~nec:t: 12'19100 Drilling Completed: 12119100 Logged By: S. Bourcy!L. Janc=ak/S Kon~ 

\1 Q70~\:.A7 PRW 



PROJECT: RPAC - PDX 

Elevation Reference; PDX Datum Well Completed: NA 

j Relative Ground Surface Elevation: 37.7 Feet Relative Casing Elevation: NA 

oth 

1

, 

!t} SOIL DESCRIPTION 
• • ii ii 
E E • "-• • ~ "'9 "' 

,_ 

BORING No.: LA-08 

m 

~ 
C, 

.s 
$ "" • 0 • > a: 

5 
§ 

" 
" $ 
• ;: 

Boring Method: Geoprobe 

Borehole Diameter (in.): 2.0 

AS-BUILT DESIGN 

PAGE 1 OF 1 

"' UJ 

"' >_, 
"' z 
"' 0 

Mixed silt, clay, sand, and gravel FILL. 
ppm Bentonite Chips 

Cap 

5 

10 

15 

20 

25 

Coarse rock encountered at 2.0-3.0 
feet. Hard probing due to coarse FILL. 

Red brick and mixed FILL at 4.0-5.0 
feet. 
Shredded black, plastic (consisting of 
battery casings) with sand and gravel. 

Water encountered at 7.5. 

Low recovery due to nature of Fl LL. 

Total depth= 8.0 feet. 

LEGEND 

: 

Neg 

: ... 

L 

2.0-inch O.D. Geoprobe 
soil core sample 
with % recovered 

IRPACl Soil Analysis 
lsurrE I (BD41, aoa1, 8141A, 
·---' 8151 A, 8290, 82608, 

~ Encountered groundwater level 
WD while drilling 

8270, 6010/7000/200.7, 
7470/7471, NWTPH-Ox, 
8082) 

Drilling Started: 12/18100 Drilling Completee1: 12118/00 

0.4 

Hole was 
backfilled with 
bentonite grout. 

IP-PAC II 
SUITE 

PROJECT NUMBER: 0-61M-1070:l-0 T52 

RPAC- POX 
Portland, Oregon 

AMEC EARTH & ENVIRONMENT AL, INC. 

7477 SW Tech Center Drive 
Portland., Oregon 972.23-8025 
Phare (503) 63&-3400 FAX (503) 620-7892 

Logged By: S. Bourcy!L. Janczak/S. Kohrs!F. Kumanc 
\1D703\lAf..0RW 

I A - n7 



PROJECT: RPAC-PDX 

Elevation Reference: POX. Datum Well Completed: NA 

Relative Ground Surface Eievation: 35.5 Feet Relative Casing Elevation: NA 

,th C, • • 0. C. • ,t) SOIL DESCRIPTION :::; - E > ; E c. 
• Cl • >-::, >- "' - "' >-

BORING No.: LA-09 

~ 

• c> 

=-= - 'C .'! • 
0 • 

> "' 

'C 
~ ~ 
~ . 
0 -~ . 

C) ;: 

Boring "'1etnod: Geoprobe 

Borenole Oi.ameter (in.): 2.0 

AS-BUILT DESIGN 

PAGE 1 OF 1 

"' UJ 

"' >-
-' 
<l 
z 
<l 

0 
Mixed silt, sand, and gravel FILL with " /, (ppm) Bentonite Chips 

5 

10 

., 

20 

25 

red brick, concrete debris, and organics. 

Grading into loose, damp, light brown. 
fine-grained, micaceous, silty sand 
FILL with occasional gravel at 3.5 feet. 

Medium stiff, damp, mottled, olive-gray, 
clayey SILT with fine-grained sand and 
organics (wood debris). 

--- ----- - ------ - - - - - -- -- - --- - . - ------------- ----
Grading into medium stiff, slightly wet, 
olive-gray, fine, micaceous, sandy SILT 
to silty SAND with occasional organics 
rwood fragments). 

Moisture content increasing to wet at 
14.0 feet. 

Total depth = 16. 0 feet. 

LEGEND 

2.0-inch O.D. Geoprobe 
soil core sample 
with% recoveA!d 

~ Encountered groundwater level 
WO while drilling 

H-Oi-6--0' 

Neg 

H-09-12-0 

.., 

Soil Analysis 
(81141, 8081, 8141A, 
8151A, 8290, 82606, 
8270, 6010/7000/200.7, 
7470n471, N'NTPH-Dx, 
80821 

Drtlling Started. 12/26100 Drilling Completed: 12/26/00 

0.0 

0.0 

1.8 

0.0 

38 

9.2 
.JE_ 
WO 

Cap 

Hole was 
backfilled with 
bentonite grout. 

RPAC 
SUITE 

PAC 
SUITE 

PROJECT NUMBER: 0-61M-10703-0 T52 

RPAC - POX 
Portland, Oregon 

AMEC EARTH & ENVIRONMENTAL, INC. 

7477 SW Te:h Cerner Drive 
Portland, Or~on 972:3·-8025 
Phore (503) 639-3400 FM (503) 620-7892 

Logged By: S. BourcyJL. Janaak/F. Kumano 1107031~& :OR'N 
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1 

Elevation Reference: PDX Datum Well Completed: NA Boring Method: Geoproba 

Relative Ground Surface Elevation: 37.1 Feet Relative Casing Elevation: NA Borehole Diameter {in,): 2.0 
>--~----------------------~----.---+------------- "' 

0 

10 

15 

20 

25 

,th 
,t) SOIL DESCRIPTION 

Mixed silt, sand, and gravel FILL with 
occasional red brick and concrete 
debris. 

Grading into gravelly SILT with 
fine-grained sand at 3.5 feet. 
Medium stiff, slightly damp, mottled, 
gray, gravelly silt FILL 

Phenol-like odor detected and staining 
noted at 6.0 feet (first impact). 
Asphalt debris encountered at 7. 75-8.0 
feet (FILL). 
Medium stiff, damp grading ID wet at 
11.5 feet, mottled, olive-gray-brown, 
slightly plastic, clayey SILT with some 
disseminated organics. 
Bottom DI unsaturated portion of 
vadose zone at 12.0 feet. ND field 

vidence of NAPL presence. 

Total depth = 12. O feet. 

LEGEND 

2.0~inch O.D. Geoprobe 
soil core sample 
with t>J., recovered 

w Encountered groundwater level 
WO while drilling 

IRPAC 
,SUITE 
~ 

~ _, I t g_ ~ f i s AS-BUIL r DESIGN i 
~~ ~Q :~ :';~ c'.5~ < 

0.0 

Neg L-10-0-0, 

-10.10,D 

Soil Analysis 
{B04i, 8081, 8141A, 
8151A, 8290, 82608, 
8270, 6010(7000/200.7, 
7470r7471, NWTPH-Dx., 
8082) 

87 

11 

28 

Bentonite Chips 
Cap 

Hole was 
backfilled with 
benton1te grout. 

RJ5ACl 
!su1TE1, 

RPAGII 
lfil!.lITI 

PROJECT NUMBER: 0-61M-10703-0 T52 

RPAC- POX 
Portland, Oregon 

AMEC EARTH & ENVIRONMENT AL, INC. 

7 477 SW Tech Center Drive 
Portland, Oregon 97223--8025 
Phone (503) 539-3400 FAX (503) 620-7892 

Dnllmg Started. 12/26100 Dnlitng Completed: 12126/00 Logged By: S. Bourcy/L. Janczak/F. Kumano 1107C3\L.J\10.JRW 
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PROJECT: RPAC • PDX BORING No.: LA-11 PAGE 1 OF 1 

EleYation Referenci.: POX Datum Well Completed: NA 

Relative Ground Surface Elevation: 37.1 Feet Relative Casing Elevation: NA 

0 

5 

10 

20 

25 

'lh 

l) 

~ 

SOIL DESCRIPTION 

Mixed silt, sand, and gravel FILL to 3.25 
feet. 

Medium dense, damp, light brown, 
fine"'>lrained, silty SAND with 
occasional subrounded, fine gravel 

·,J<1.0-inch diameter). 
Medium stiff to stiff, damp, mottled, 
olive-gray-brown, slightly plastic, clayey 
SILT with occasional organics and small 
subrounded gravel. 
No gravel below 8.0 feet. 

Organics. Decomposed organic-like 
odor. 

Me ,um st, , wet, r 1s rown, 
slightly plastic, clayey SILT with fine
grained sand. No evidence of NAPL 
Bottom of unsaturated portion of 
vadose zone at 12.0 feet. 

Total depth= 12.0 feet. 

LEGEND 

2.0-inch O.D. Geoprobe 
soil core sample 
wtth % recovered 

.. 
• .!!! 

C, 

~ .!!! " C. C. • :: =o _, - E > ~ E c. .!!! m 
• Cl . ~ 0 • 

:, >- "' - "' >- > "' ... (ppm) 
I 0.0 

0.0 

+----t,B;,i. D . D 

Neg 0.0 

+--ffi4 0.0 

.11-10.0 DO 

Soil Analysis 
(8D41,B081,8141A, 
8151A, 8290, 82S08, 
8271'.1, 6010r7000/200.7, 
747017471, NWTPH-Ox.., 
8082) 

'C 

" " , . 
o-" . "' ,: 

Boring Method; Geoprobe 

Borehole Diameter (in,): 2.0 

AS-BUILT DESIGN 

Bentonite Chips t 
Cap 

Hole was 
backfi',led with 
bentonite grout 

"' UJ 

"' >_, 
"' z 
"' 

jRPACI 
IISUITE 

PROJECT NUMBER: 0-61M-10703-0 T52 

RPAC- PDX 
Portland, Oregon 

AMEC EARTH & ENVIRONMENTAL, INC. 

74n SW Te::n Center Dnve 
Portland. Oregon 97223-8025 
Phore (503) 639-34DO FAX (503) 62G-7892 

Drilling Started: 12126/00 Drilling Completed: 12126/00 Logged By: S. Bourcy/L. Janc;::akJF. Kumano 11G~C3\L-".1i.DRW 



PROJECT: RPAC - PDX 
1 

Elevation Reference: POX Datum 

Relative Ground Surface Elevation: 52.4 Feet 

,th 
.t) SOIL DESCRIPTION 

Well Completed: NA 

Relative Casing Elevation: NA 

• C. 

~D 
"' -

• 
C. • = C. . ~ 
"' >-

BORING No.: LA-12 PAGE 1 OF 1 

~ 

• 0, = ..E - "' ~ . 
0 • 
> 0: 

I 
Boring Method: Geoprobe I 

- Borehole Diamete, (in.): 2.0--i 

§ :;; I AS-BUILT DESIGN 
0 -" . 
'-' 5' 

"' w 
"' >
_J 

"' z 
"' 0 

Stiff, damp, brown, micaceous, sandy 
silt FILL with trace gravel. 

(ppm) Bentonite Chips 
Cap 

5 

10 

'5 

20 

25 

Stiff to soft/dense to loose, dry, brown, 
micace_ous_, !xlnd_Y si_lt _and _gravel_ Fl LL . 

Stiff, dry, brown, micaceous, sandy 
SILT. 
Derise:·aami>:l,rown io giaY, fiiie:.-fo · ·· · · 

\,;:~arse-grained SAND. /. 
Stiff, damp, brown and gray mottled, 
fine, sandy SILT. 

Black, wood debris and Fl LL. Odor 
but no visual evidence of NAPL. 
Stiff, black to brown mottled, sandy 
SILT with trace gravel. 

·si,ftieierise: ·aamii: ·ni,iti1e,f \i,ciwri · a·ri,f-- · 
dark gray, sandy SILT and GRAVEL. 

Grades to wet with wood. 

Total depth = 23.0 feet due to refusal. 

LEGEND 

2..0-inch 0.0, Geoprobe 
soil core sample 
with % recovered 

iRPACl 
~ 

L-12-3-0i 

l.·12-15-0 

L-1.2-21-0 

Soil Analysis 
(8041, 8081, 8141A, 
8151A, 8290, 82608, 
s210, so1onooo1:rno.7, 
7470f7471, NWTPH-Dx, 
8082) 

Drilling Started.: '\2118/00 Drilling Completed: 12118/00 

0.0 -

26 

12 

Hole was 
backfilled with 
bentonite grout 

'RPACI 
SUITE 

'PACI 
SUITE 

PAC 
SUITE 

PROJECT NUMBER: 0-61M-10703-0 T52 

RPAC-PDX 
Portland, Oregon 

AMEC EARTH & ENVIRONMENT AL, INC. 

7477 SW Te::h Center Dnve 
Portland, Oregon 97223-6025 
Phone (503) 63&-3400 FAX (503) 52["7892 

Logged By: 5. Kahrs \107':3\LL",:-C.DRW 



PROJECT: RPAC - POX 

I 
Elevation Reference: POX Datum Well Completed: NA 

Relative Ground Surface Elevation: 45.4 Feet Relative Casing Elevation: NA 

,e:r SOIL DESCRIPTION 
,~ I 

...J -
> : 
:::, .... 

m 
C. 
E . " "' -0 

5 

10 

20 

25 

Stiff, moist, brown, clayey silt FILL with 
trace black. fine-grained sand. 

Dense, dry, brown, fine-grained SAND 
with trace gravel and sandy silt. 

Dense, dry to damp, brown, clayey, silty 
SAND with gravel. 

Dense, damp, brown, silty, micaceous 
SAND. 

Dense, damp, brown, micaceous 
SAND with silt and trace small angular 

·. gravel. 

Stiff_ damp, gray and brown mottled, 
micaceous SILT. 
Stiff, damp, micaceous SILT with 
wcod and trace fine-grained sand. 
Medium stiff, damp, brown and gray 
mottled, micaceous SILT. 

Stiff to very stiff, damp, brown and 
gray mottled, micaceous SILT with 
trace angular gravel. 

Very stiff, damp, brown and gray 
mottled, micaceous SILT. 

Soft, wet_ brown, micaceous SILT. 

No evidence of NAPL throughout 
borin . 

Total depth = 28.0 feet. 

LEGEND 

2.0-inch 0.D. Geoprobe 
soil core sample 
with % recovered 

:RPACI lsurrE 

L-1:,..3,-01 

Neg 

.., 

Soil Analysis 
{8041, 8081, B141A, 
8151A,8290, B2608, 
8270, 6010,7000/200.7, 
7470/7471, NWTPH-Dx, 
80B21 

Drilling Started: 12/18/00 Drilling Completed: 12/18/00 

BORING No.: LA-13 PAGE 1 OF 1 

2.0 

Boring Method: Geoprobe 

Borehole Diameter (in.}: 2.0 

E~ AS-BUILT DESIGN , . 
e iv 
" ;: 

"' w 

"' >-
...J 
< z 
< 

v,:,;,;,--- Bentonite Chips 
Cap 

Hole was 
backfilled with 
bentonite grout. 

j
RPACj 
\SUITE1 

PROJECT NUMBER: 0-61M-10703-0 T52 

RPAC- POX 
Portland, Oregon 

!AMEC EARTH & ENVIRONMENT AL, INC. 

7 en SW Tech Cerner Dnve 
Portland. Oregon 97223-8025 
Phone (5C3) 63£l.3400 FAX (SGJ) 520-7892 

Logged By: S. Kohrs 1107C3\LA1;;.o;:;:w 



PROJECT: RPAC. PDX BORING No.: LA-14 PAGE 1 OF 1 

Elevation Reference: POX Datum Well Completed: NA 

Relative Ground Surface Elevation: 36.9 Feet Relative Casing Elevation: NA 

D 

5 

20 

25 

SO!L DESCRIPTION 

i ~~----+-
Medium stiff. damp, dark brown-gray. 
slightly plastic, clayey silt Fl LL with 
wood fragments, organics, and 
occasional fine, subrounded gravel. 
Decomposed organic-like odor. 
No impacts noted. 

Pieces of battery shells (shredded 
plastic to 1.0-inch diameter) noted at 
9.0-11.0 feet. FILL at 0.0-11.0 feet. 
Becoming wet at 10.0 feet. 
Saturated, organic, clayey SILT. 

Total depth= 12.0 feet. 

LEGEND 

2.0-inch 0.0. Geoprobe 
soil core sample 
with % recovered 

..1._ Encountered grnundwater level 
WO while drilling 

" 
I 

Neg 

l 

• Q. 
E 
• CJ 
"' -

l+~-7-01 

Soil Analysis 

• 
0. • 
E c. . ~ 
"' >-

(ppm) 

0.0 

0.6 

0.0 

(8041., 8081, 8141.A, 
8151A, 8290, 8260B, 
8270, 6010(7000/200.7, 
7470n471, NYITPH-Dx. 
BDB2) 

.Y. 
WD 

Boring Method: Geoprobe 

Borehole Diameter (in.): 2.0 

AS-BUILT DESIGN 

- Bentonite Chips 
Cap 

Hole was 
backfilled with 
bentonite grout. 

"' w 

"' >..., 
"' z 
"' 

RPAC 
SUITE 

PROJECT NUMBER: 0-61M-10703-0 T52 

RPAC-PDX 
Portland, Oregon 

AMEC EARTH & ENVIRONMENTAL, INC. 

74T7 SI/II Tech Center Drive 
Portland. Oreaon 97223-8025 
Phone (503) 63&-3400 FAX (503) 620-7892 

Drilling Staned: 12/19/00 Drilling Completed: 12119/00 Logged By: S. Bourcy/L. Janczak/S. Kohrs 11070:,u·,4.:JRW 
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PROJECT: RPAC • Sta e II 

Elevation Reference: City of Portland Datum Well Completed: NA 

Relative Ground Surface Elevation: 35.24 Feet Relative Casing Elevation: NA 

Depth 
(feet) 

0 

6 

10 

15 

20 

25 

SOIL DESCRIPTION 

Wet, silty gravel FILL with debris (brick, 
concrete). 

Stiff, damp, gray, clayey SILT with trace 
organics. 

Medium stiff, moist, gray SILT stratified 
wi1h thin clayey silt. 

Clay content increases. 

Stiff, moist, black to dark gray, clayey 
SILT With disseminated gravel. 

Medium stiff to soft, saturated, gray, 
sand SILT. 

Total depth~ 13.0 feet. 

LEGEND 

<: m 
E' C. 
-' - E >: ~ " :::, I- en -
Neg 

Neg -200-02-01 

2.0-inch J.C. Direct Push 
soil core sample 
with % recovered D Soll Anatysls 

[Test Method Shown) 

I Soll sample Interval 
submitted for 
laboratory analysis 

Drilling Started: 11/29101 Drilling ComplotA>d: 11129/01 

BORING No.: LA-200 PAGE1 OF2 

" 

Boring Method: Direct Push 

Borehole Diameter (in.): 3.25 

§ :;; AS-BUILT DESIGN 
2 ffl 
I!) ;:: 

~~-Hole was 
backfilled with 
bentonite chips. 

en 
UJ 
en 
>
-' 

" ~ 

-200-0!!:Q!_ 

.,,,_ I 
B151A, 
m,O!l, 

02;:c, I 
' p 

PROJECT NUMBER: 0-61M-10703-0 T52 

RPAC - Stage II 
Portland, Oregon 

AMEC EARTH & ENVIRONMENTAL, INC. 
7376 SW Durham Road 
Portland, Oregc,, 97224 
Phare(503)639-3400 FAX(503)620-7892 

Logged By: S. Adams/J. Fassio/H. Nelson 
\10703\i.A200.DRW 



PROJECT: RPAC - Stage II 

Elevation Reference: City of Portland Datum Well Completed: NA 

Relative Ground Surface Elevation: 35.24 Feet Relative Casing Elevation: NA 

Depth 
(feet) 

a 

5 

10 

15 

20 

25 

SAMPLE LOG 

Pushed sampler 0.5 feet, recovered 
0.5 feet. Stiff, 2.0 inches of slough in 
hole. 

Pushed sampler 1.3 feet, recovered 
1.3 feet. Half of recovered sample 
ma be slou h. 

Total depth = 9.3 feet. 

LEGEND 

l: 
Cl 

::; ->::: 
:, 1--

" .!! a. 
E Cl. " E a. 
.. CJ .. >, 

Q) - ., 1--

TI 3.0-lnch LO. Undisturbed 
Shelby Tube sample with 
% recovered 

D Soil Analysis 
(Test M- Shown) 

Drilling Started: 11129/01 Drilling Completed: 11/29/01 

BORING No.: LA-200 PAGE 2 OF 2 

.. . "' 
~ =5 
.!! .. 
0 • 
> a'. 
ppm 

"D 
~ ~ 

:, " o-~" CJ ;:: 

Boring Method: Direct Push 

Borehole Diameter (in.): 3.25 

AS-BUil T DESIGN 

~;,t--Hole was 
backfilled with 
bentonite chips. 

PROJECT NUMBER: 0-61M-10703-0 T52 

RPAC - Stage II 
Portland, Oregon 

"' w 
"' >
.J 
<( 
z 
<( 

AMEC EARTH & ENVIRONMENT /lL., INC. 

7376 SW Durham Road 
Portland, Oregon 97224 
Phare (503) 639-3400 FAX (503) 620-7892 

Logged By: J. Fassio \10703\W\2DOST.DRW 



PROJECT: RPAC - Sta e 11 

Well Completed: NA Elevation Reference; City of Portland Datum 

Relative Ground Surface Elevation: 35.45 Feet Relative Casing Elevation: NA 

Depth 
(feet) 

0 
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10 
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20 

25 

SOIL DESCRIPTION 

Wet, brown, sandy gravel FILL with 
trace silt. 

:.smr: :aarnp;:gra1C si!t-,;:cV,Y:::: :: : :: : : : 
Loose, moist, gray, silty, gravelly, fine
to medium-grained SAND stratified with 
silty clay. 

·weCi>lac1<; coarse GRA'v<Ei.:wiiti · 

.. 
C. 
E 
•o ., -

• 
C.. 
E c. . "' U) >-

organics and silt. Neg ,-201.o.-0>k-+-«+ 

Grades to saturated at 8.0-9.0 feet. 
Grades to soft. 

Soft, saturated, gray, sandy SILT with 
disseminated gravel. 

Total depth= 12.0 feet. 

LEGEND 

1
T 2.0-inch I.D. Dirvct Push 

son core sample 
wtth o/. recove~ 1 I Soil Analysis 

(Test Mathod Shown) 

ffl 
Soll sample interval 
submitted for 
laboratory analysis 

Drllllng Started: 11/27/01 Drilling Completed: 11/27101 

BORING No.: LA-201 PAGE 1 OF 1 

m .. "' - ,: 
;; !c 
.!! • 
0 .. 
> a: 
ppm 

0.0 

0.0 

0.0 

Boring Method: Direct Push 

Borehole Diameter (In.): 3.25 

AS-BUILT DESIGN 

WA',1----- Hole was 
backfilled with 
bentonite chips. 

"' w 

"' > 
..J .. 
z .. 

-201-08-01 
S2SO, 
81~1A, 
82606, 
B270C. 
6020, 
BOB1A 

C 

PROJECT NUMBER: 0-61M-10703-0 T52 

RPAC - Stage II 
Portland, Oregon 

AMEC EARTH & ENVIRONMENTAL, INC. 
7376 SW Durham Road 
Portland, Qn,gor, 97224 
Phone (503) 639-3400 FAX (503) 620-7892 

Logged By: S. Adams/J. Fassio/H. Nelson 
\10703\lA201,DRW 



PROJECT: RPAC • Sta e II 

Elevation Reference: City of Portland Datum 

Relative Ground Surface Elevation: 36.93 Feet 

Well Completed: NA 

Depth 
(feet) 

0 

5 

10 

15 

20 

25 

Relative Casing Elevation: NA 

SOIL DESCRIPTION 

Moist. silty, sandy gravel FILL. 

Stiff, damp, dark gray and brown, silty 
CLAY with disseminated gravel. 

Brick debris encountered at 5.0-6.0 feet. 

Grades to dark gray. Strong 
hydrocarbon-like odor at 7.0-£.0 feet. 

Medium stiff, moist, dark gray, silty 
CLAY. 

Grades to wet to saturated at 11. 0 feet. 

Disseminated gravel in CLAY at 
11.0-14.0 feet. 

Total depth= 14.0 feet. 

LEGEND 

:c 
a, 

:; -
> : 
:, ... 

" ci. 
E 
"c ., _ 

T 2.0-,nch 1.0. Direct Push 
~ soil core sample 
~ with '.4 recovered D Soll Anatysls 

[Test Method Shown) 

m 
Soll sample lntarval 
submitted for 
laboratory anatysis 

RB Rinsate Blank sample 

Drilling Started: 11128/01 Drilling Completed: 11128101 

BORING No.: LA-202 PAGE 1 OF 1 

.. 
" "' _c 
;; ~ 
.!! m 
0 " > ll'. 
ppm 
0.0 

4.5 

0.0 

0.0 

Boring Method: Diract Push 

Borehole Diameter (in.): 3.25 

AS-BUil T DESIGN 

Hole was 
backfilled with 
bentonite chips. 

"' w 

"' :.'.i 
< z 
< 

-202-0&-01 
8290, 
8151A, 
8260B, 
mac, 
B020, 
8081A 

PROJECT NUMBER: 0-61M-10703-0 T52 

RPAC - Stage II 
Portland, Oregon 

AMEC EARTH & ENVIRONMENTAL, INC. 

7376 S>/IJ Durham Roa:j 
Portland, Oregon 97224 
Phare (503) 63S-3400 FAX (503) 620-7892 

Logged By: S. Adams/J. Fassio/H. Nelson 
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PROJECT: RPAC - Sta e II 
Elevation Reference: City of Portland Datum Well Completed: NA 

Relative Ground Surface Elevation: 35.81 Feet Relative Casing Elevation: NA 

Depth 
(feet) 

0 

5 

10 

15 

20 

25 

SOIL DESCRIPTION 

Gray, sandy gravel FILL with some silt. 

Loose, moist, brown, sandy GRAVEL. 

Moist, black, well-graded, fine- to 
_ !Tl_E)diu_rn-_graj ~-~ _ l3A_~_Q, _ .. __ . _______ . 

Moist, fine-grained SAND with silt. 

Plastic debris (battery casings) 
encountered between 7.0-10.0 feet. 

Medium stiff, moist, gray, clayey SILT. 

Medium stiff, gray, clayey SILT with 
trace fine-grained sand stratified with 
fine- to medium-grained sand. 

Total depth= 13.0 feet. 

LEGEND 

1: 
!? 
_, -
> g: 
:, I-

.. a. 
E 
'"o "' -

-203-06--0 

.. 
a. .. 
E c. .. ,.. 
., I-

2.0-lnch I.D. Dir&CI. Push 
soil core sample 
with % recovered 

I 
I 

Soll Analysis 
(Test Method Shown) 

i Soil sample interval 
submitted for 
laboratory analysis 

Drilling Started: 11/28/01 DrHllng Completed: 11128/01 

BORING No.: LA-203 PAGE 1 OF 1 

m .. "' - ~ 
~ =a 
.!!! .. 
0 .. 

> "' 
ppm 

a.a 

a.a 

0.3 

a.a 
a.a 

Boring Method: Direct Push 

Borehole Dtameter (in.): 3.25 

AS-BUILT DESIGN 

Hole was 
backfilled with 
bentonite chips. 

"' w 

"' >_, 
" z 

" 

-203-0~01 
8290, 
8151A, 
82608, 
11270C, 
15020, 
80B1A 

PROJECT NUMBER: 0-61M-10703--0 T52 

RPAC - Stage II 
Portland, Oregon 

AMEC EARTH & ENVIRONMENT AL, INC. 

7376 SW Durham Road 
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PROJECT: RPAC - Sta e II BORING No.: LA-204 PAGE 1 OF 1 

Elevation Reference: City of Portland Datum Well Completed: NA 

Relative Ground Surface Elevation: 36.15 Feet Relative Casing Elevation: NA 

Depth 
(feet) 

0 

5 

10 

SOIL DESCRIPTION 

Wet, silty gravel FILL. 

Stiff, damp, gray, silty Cl.A Y with 
gravel. 

Medium stiff, moist, brown, clayey SILT. 

Hard probing at 7.0-11.0 feet. 

l: 
"' ::; ->::: :, ... 
Neg 

.!l! 
Q. 

E 
t; g 

l-204-00-01 

Neg -204-02--01 

., 
ii ., 
E Q. 
., >, 
U) ... 

N 

i Concrete debris in sampler shoe (no 
recovery). 

Total depth= 11.0feet. 
+-~__,r 

15 

20 

25 

LEGEND 

2.0-inch 1.0. Direct Push 
soil core sample 
with % rucovered 

11 Soil Anatysis 
L_ [Test Method Shown) 

L 

r 

t 

.. 
., Cl 
- C 
~ =ti 
.!l!., 
0 ., 

> "' 
epm 
0.0 

0.0 

0.0 

Soll sample Interval 
submitted for 
laboratory anaty&is 

_y Encountered groundwatsr 
WO level while drilling 

NR No sample recovery 

Drilling Started: 11129/01 Drilling Completed: 11129101 

"C 
C " 0 ., 
a" . " ~ 

Boring Method: Direct Push 

Borehole Diameter (in.): 3.25 

AS-BUil T DESIGN 

f?'.h'~~ Hole was 
backfilled with 
bentonite chips. I 

U) 
w 

"' >_, 

" z 
" L-204--00-01 

n~ 
81~1A. 
62608, 
B270C, 
6020, 
8081A 

PROJECT NUMBER: 0-61M-10703-0 T52 

RPAC - Stage II 
Portland, Oregon 
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Phone (50:l) 63S-3400 FAA (503) 620-7892 

Logged By: S. Adams/J. Fassio/H. Nelson 
\1D70Ju...A204.0RW 

t 0· l 
' ~-- !, 



PROJECT: RPAC - Sta e II 

Elevation Reference: City of Portland Datum Well Completed: NA 

Relative Ground Surface Elevation: 36.16 Feet Relative Casing Elevation: NA 

Depth 
(feet) 

0 

5 

10 

15 

20 

25 

SOIL DESCRIPTION 

Damp, brown, sandy, silty gravel FILL 
with debris (brick). 

E 
"' ::; ->: 
:, I-

Neg 

m 
ii 
E 
me "' -

Stiff, moist, dark gray, gravelly, clayey 
SILT. 

_ Neg -205-nZ-01 

bense: v,tiiCtirown,· sandy GRAVEL wffti · · 
some slit. 

Stiff, moist, light gray, clayey SILT. 

eoncrefeaeons·encourrt:eredoelween" 
8.0011.0 feet. Possible voids between 
concrete debris. (Excessive bentonite 
used to abandon boring.) 
Grades to wet at 10.5 feet. 

Total depth"' 11.0 feet. 

LEGEND 

2.0-lnch I.D. Direct Push 
soil core sample 
with % recoverttd D Soil Analysis 

(Test Method Sh<Mn) 

I Soil sample Interval 
submitted for 
laboratory analysis 

Drilling Started: 11/29101 Drilling Completed: 11129101 

BORING No.: LA-205 PAGE 1 OF 1 

ppm 
0.1 

0.0 

0.0 

0.0 

Boring Method: Direct Push 

Borehole Diameter (in.): 3.25 

AS-BUILT DESIGN 

l'.0.~- Hole was 
backfilled with 
bentonite chips. 

"' w 

"' ~ 
" z 

" L-205--0o.-01 

I ""· I B151A, 
B2!i0B, 
B270C, 
6020, 
8081A 

-70 -01 
8290, 
8151A, 
8260B, 
8270C, 
6020, 
81181A 

PROJECT NUMBER: 0~1M-10703-0 T5Z 

RPAC - Stage II 
Portland, Oregon 

AMEC EARTH & ENVIRONMENT AL, INC. 
7376 SW Dumam Roa:l 
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PROJECT: RPAC - Sta e 11 

Elevation Reference: City of Portland Datum Well Completed: NA 

Relative Ground Surface Elevation: 39.39 Feet Relative Casing Elevation: NA 

Depth 
(feet) 

" 

5 

10 

15 

20 

25 

SOIL DESCRIPTION 

Moist, brown, gravelly SILT. 

Stiff, damp, dark gray, silty CLAY with 
disseminated gravel and Fl LL debris 
(brick and concrete). 

Stiff, moist, dark brown, clayey SILT 
with trace FILL debris and organics. 

Grades to gray, clay content decreases 
slightly at 9.0 feet. 

Grades to medium stiff at 11.0 feet. 

Grades to stiff, moist, medium brown 
at 13.5 feet. 

Total depth = 14.0 feet. 

LEGEND 

Neg 

Neg -2C6-02-01 

L-20&-08-01 

2.0-lnch 1.0. Direct Push 
soil core sample 
wtth o/o recovered 

I 

I 

Soll Analysis 
[Test Method Shown) 

I Soll sample interval 
submitted for 
laboratory analysis 

Drilling Started: 11129/01 Drilling Completed: 11129101 

L 

BORING No.: LA-206 PAGE1 OF2 

.. . "' = .E 
- 'C .!!! m 
0 • 
> a: 
ppm 
0.1 

0.2 

0.0 

0.0 

Boring Method: Direct Push 

Borehole Diameter (in.): 3.25 

AS-13UILT DESIGN 

W:>J--Hole was 
backfilled with 
bentonite chips. 

1/) 
w ., 
> 
.J 
<{ 

"' <{ 

L-206-00-01 
8290, 
8151A, 

I 8260B, 
82TOC 

. 
L-20tHJ2-01 

8290, 
8151A, 
~60B, 
8270C, 
60111, 
80!1A, 
NAP 

L-206-06-01 
8290, 
B1!i1A, 
82&0B, 
9Z7DC, 
6020, 
8081A. 
NAP 

PROJECT NUMBER: 0-61M-10703-0 T52 

RPAC - Stage II 
Portland, Oregon 

AMEC EARTH & ENVIRONMENTAL, INC. 
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PROJECT: RPAC - Sta e II 

Elevation Reference: City of Portland Datum Well Completed: NA 

Relative Ground Surface Elevation: 39.39 Feet Relative Casing Elevation: NA 

Depth 
(feet) 

5 

10 

15 

20 

25 

SAMPLE LOG 

Attempted to push sampler at 4.0 feet, 
recovered 0.25 feet. 

Pushed sampler 2.5 feet. recovered 
2.5 feet. 

Total depth = 13.5 feet. 

LEGEND 

-.c 
"' :; -
>::: 
:::, I-

• • ii ii. 
E E a. 
•o 
<I) -

m ,., 
., I-

Il 3.0-inch I.D. Undisturbed 
Shelby Tube sample with 
% recovered 

D Soil Analysis 
(Test Method Shown) 

Drilling Started: 11129101 Orilllng Completed: 11(29/01 

BORING No.: LA-206 PAGE20F2 

~ . "' - = 
+:l :a 
.!!! m 
0 • 

> "' 
ppm 

" = ~ ~. 
o-~ m " ;: 

Boring Method: Direct Push 

Borehole Diameter (in.): 3.25 

AS-BUil T DESIGN 

w,=--Hole was 
back.filled with 
bentonite chips. 

PROJECT NUMBER: 0-61M-10703-0 T52 

RPAC - Stage II 
Portland, Oregon 
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>
...J .. 
z .. 

AMEC EARTH & ENVIRONMENTAi.., INC. 
7376 SW Durham Roa:! 
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PROJECT: RPAC • Sta e II BORING No.: LA-207 PAGE 1 OF 1 

Elevation Reference: City or Portland Datum 

Relative Ground Surface Elevation: 37.79 Feet 

Well Completed; NA 

Depth 
(feet) 

5 

10 

Relative Casing Elevation: NA 

SOIL DESCRIPTION 

Moist to wet, sandy, coarse gravel FILL. 

Moist, brown, gravelly, silty CLAY. 

Medium stiff, moist, clayey SILT with 
disseminated gravel. 
Discolored bright purple layer at 6.0 
feet. Very strong odor. 

Occasional purple blebs at 7.0-10.0 
feet. 

Neg 

Neg L-201.crz-01 

Neg .201..oa-o, 

m .. "' - C: :;:; i5 
.!!! • 
0 .. 
> a'. 
ppm 
0.4 

0.1 

560 

Clay content decreases. 

21 

+--~-,t- 40 

20 

25 

Medium stiff, moist, brown SILT. 

Total depth= 15.0 feet. 

LEGEND 

2.0-lnch 1.0. Dlrvct Push 
sol! core sample 
with % recovered 

i Soll sample interval 
submitted for 
laboratory analysis 

D Soil Analysis 
(Test Method Shown) 

Drilling Started: 11/29101 Drilling Completed: 11129101 

.,, 
C: • 
~ . 
0 ~ •• 
(!l ~ 

Boring Method: Direct Push 

Borehole Diameter (In.): 3.25 

AS-BUILT DESIGN 

!V,i':>1--- Hole was 
backfilled with 
bentonite chips. 

Cl) 

"' Cl) 

~ 
< z 
< 

· 7 -01 
829D, 
B151A, 
82608, 
8270C, 
&D'20, 
8081A, 
NA? 

L-207..08-01 
8290, 
8151A, 
82600, 
a270C, 
80S1A, 
NAP 

PROJECT NUMBER: 0-61M-10703-0 T52 

RPAC - Stage II 
Portland, Oregon 
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PROJECT: RPAC - Staae II BORING No.: LA-208 PAGE 1 OF 1 
Elevation Reference: City of Portland Datum 

Relative Ground Surface Elevation: 36.73 Feet 

Well Completed: NA 

Relative Casing Elevation: NA 

Depth 
(feet) 

0 

SOIL DESCRIPTION 

Gravel Fl LL with trace silt. Becomes 
- coarser with depth. 

- Total depth = 1.5 feet. 

-
-

-

-
-

-
10-

-

15-

. 

. 

-

20-

-

. 

-
. 

25-

. 

. 

. 

. 

-~ 

-

. 

.... 

-,00-00-01 ~RAE Tppm, 
~p -~ 0.1 -~ 
MS'MSD 

,L 

. 

-~ . 

-L 

-L . ' 
. 

. . , 
_._ -- -~ 

., _, 

L ,L 

_._ -- ..... 
' 

' 

. - • I- -1-

' ,L 

' ' 

' 

. -~ 

Boring Method: Direct Push 

Borehole Diameter (in.): 3.25 

AS-BUil T DESIGN 

<J) 
w 
~ _, 
"' z 
"' 

L-20B-00--01 
8290, 

• 81~1A, 
BZ60B, 
B270C, 
8081A, 
6"020 

_, 
_, 
_, 

. 

. 
_, 

. 

' _, 

,L 

. 

.... 
,L 

I-

-~ 

30·~--'----------------------'----'-----'----'----'------'---------------'---~ 
LEGEND 

GRAB Surface Grab sample 

Soil sample intervat 
submitted for 
laboratory analysis 

D 
Dup 
LS 

Soll Analysts 
(Test Method Shown) 

Duplicate sample 

Lab Spltt sample 

MS/ Matrix Spike/Matrix 
MSD Spike Duplicate sample 

Drilling Started: 11/30/01 Drilllng Completed: 11/30/01 

PROJECT NUMBER: 0-61M-10703-0 T52 

RPAC - Stage II 
Portland, Oregon 
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PROJECT: RPAC - Stage II BORING No.: LA-209 PAGE 1 OF 1 

Elevation Reference: City of Portland Datum Well Completed: NA 

Relative Ground Surface Elevation: 36.93 Feet Relative Casing Elevation: NA 

Boring Method: Direct Push 

Borehole Diameter (in.): 3.25 "' w 

Depth 
(lest) SOIL DESCRIPTION 

0 

5 

10 

15 

20 

25 

Dense, moist to wet, silty, sandy gravel 
FILL. 

Stiff to very stiff, damp, gray, silty CLAY 
with trace fine gravel and occasional 
PEA TY layers. 

Grades to medium stiff, clay content 
decreases. 
Medium stiff, moist, medium gray, 
clayey SILT. 

Grades to wet to saturated at 
10.0-11.0 feet. 

Total depth= 11.0 feet. 

Neg L-209--00-lll 

m "' 
Cl gg'-a ~ a. ,. ., ,; § :; AS-BUILT DESIGN < 
E~ Sm a- z 
~~ ~: o:: < 

7J-r.pc:pc..mcrl--~+--==----------+.-L."20"'0,-00--0=crl, 
0 0 Hole was '"'· • 81M~ 

0.0 

0.0 ' 

0.0 

r 

backfilled with ""'· 
bentonite chips. moc, 

6020. 
l\.0&1A 

L-209-011-01 
8290, 
B151A, 
B'261lB, 
8270C, 
6020, 
&Ol\.1A, 
NAP 

30-~----------------~-~--L---~--L---~--------------'-----, 
LEGEND 

2.0..lnch I.D. Dil'9Ct Push 
soll core sample 
with % recoverud 

Soil sample interval 
submitted for 
laboratory analysis 

Drilling Started: 11/29/01 

D Soll Analysis 
[Test Method Shown) 

Drllting Completed: 11/29/01 

PROJECT NUMBER: D-o1M-10703--0 T52 

RPAC - Stage II 
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PROJECT: RPAC - Stage II 

Well Completed: NA Elevation Reference: City of Portland Datum 

Relative Ground Surface Elevation: 37.02 Feet Relative Casing Elevation: NA 

Depth 
(feet) 

J 

5 

,o 

15 

20 

SOIL DESCRIPTION 

Stiff, damp, brown and medium gray, 
silty CLAY with disseminated gravel and 
FILL debris (brick). 

Hard probing encountered. 
----- ------------- - -- - ----- -- - -- - - -- ---- -------
Black, plastic debris (battery casings). 

(Battery casings. Insufficient soil for 
sampling from 5.0 to 12.0 feet.) 

Wet, black, well-graded: fine- to 
medium-grained SAND. (Saturated at 
12.0 feet. 

Total depth = 14. a feet. 

LEGEND 

2.0-inch I.D. Dlmct Push 
soll core sample 
with % racovemd 

:i: • "' Q. 
:; - E > m • •c :, I- "' -

Drilling Started: 11/28/01 Drilling Complotod: 11/28/01 

• 
C.. 
E c. • "' "' I-

BORING No.: L.A-210 PAGE 1 OF1 

~ 

'" .!!! C 
.. =a 
.!!! .. 
0 • 
> "' 
ppm 

0.0 

a.a 

0.0 

a.a 

" C ~ 
~ • o-
~ . 

I!) ;: 

Boring Method: Direct Push 

Borahole Diameter (in.): 3.25 

AS-BUil T DESIGN 

~~-Hole was 
backfilled with 
bentonite chips. 

PROJECT NUMBER: 0-61M-107D3-0 T52 

RPAC - Stage II 
Portland, Oregon 
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f 8 cl ! ~ 0 <> 
't % .. ~ "' J a I ~~ ., ,esTIHG 41fl) 

ll I! > SOil DESCRIPTION 

I 
~o I!' 

I 
1.ABOAATOAV DAfA = iE ~ s:" u> 

~ ~ 11 ~g a ~~ 9 
l!j "' I!"' "' ~ ?: 

.. 
" ~ " G: 

- o Ml I Soft. dark brown sn. T wiitl 5ome day anu FILL dt?b11s \bnc1t. U.l! vv ,..., , 
w.OOCl) . trace organics (roollefs., ~nl dtOril). 1at.1(1ltd . • . 43 002-01 "'I"""'"""""··-~.,..,. ... -... ,. . - • - pl>Slicily, moist 

-
-

- s - ~,..i. -~ S<ifl. O!Oi,1,111 CLAYEY SILT ~trite CtaslCIIY, mc)tl - - - - -
51 

~ 
000,01 

~ • -
-

- -No ffCl)r.•e,y from 5 0-10 0 fOt1 ~°""' o,or.#ld turt..lc» 

-
-

T oiifl depth ; 10 c lee, btlow gouncs ,unOOI -
-
-
-

~,s-

l 
J 
-

I - 2G-

-
-

I -
- I 

~2J NOTE: 
• . S&t11plH aNly1.~d to,: VOC:s (81608}. PaUddes {IICl1AL 
Hcarbicidu {11S1A), svoea 1.netudtng Phenols (Bl70C). PC8.s 
(1082A), M.t &Alt {60tC8 . 6020. 74'1t A), ~urans (l:290) 

-
b • SamplH ,nal)'l.Oci tor TOC {!M>&D Mod'il",e,d) 

. -
-

c.. S..mple1 an;al),-.od lo, Asoe:stos tPU A or Bectton 
M lcrn,ccooy) 

- l 

' 80RtNGM f.1>t()O: 01 ... ct Push EL£VA r10H REFE.RE..NCE.: NA 

80RUiOU DIAMSfERt 1.1 (lnl lllEJl,.A,i;Ks. 

0/'QU. IIIG .. GonpNli,. .VIMICl"O fto lOhamm,r GROUND SURFACE EUV1'TION'; Hl~ 

COfnR.ACTOR; Oto-T•ch l , plor.ilionlllCr.an J STARTCAR[)(TAG 10 , NA. 

1.oooeo e 11 J, ••ult1, L. Gto,1w1t, DAIL.Lll'fG 0ATf$; 10f 1111004 • 1Cll11~0U4 

RP . HOD & LADD Soll S.mpllng 
AMEC E-arth & Envlronmen1at. Inc. 

ame& LOG OF BORING 7376 SW Durham Road 
Portland, Oregon LADD-101 USA91274 

0.61M-10703·0 TS9 Toi +1 (503, 63-9-3~00 
Fax • 1 (5031 620,7492 PAGE 1 OF I 



g 
! 
~ 
:.; 
a 
~ 
~ 
C> 

i 9 
£ l .; .. 3 .. 
Q - o 

-
-
-
-

>-5 -

-
-
-
-

- 10 

-
-
-
-

l-1s-

-
-

-
-

-20--

-
-
-
-

- 25-

-
-
-
-

SOIi. DESCRIPTION 

Decrea~., ciay cantl?nl al S.0.6.5 fee4 b!k>w ground &urt.N:e, 
low ploSlloty. 

~ ·--------------------------ML Me<lllm sliH to soft. i ght-gray CLAVEY SILT, medium plHtlcity: 
WOl 

Sarong Phenol-Ike QdOr. 

Total depU, = 10 0 feel befow ground surfaee. 

NOTE: 
a. Sample.s anafyted ,on VOCa (82608)1 Pe-atk ldH (8081A}, 
Hcrt:i1cldcs i8151A), SVOCt fnclucUnO PtMnols (8270CI, PC8s 
(8081A), Mot:11, (60108, 6020, 7471A), OloxintJFuri,ns (8290) 

b 4 Samples annlynd lor TOC i9000 Modlfltd) 

c • Slmptos 1nafy.cod for A1bH to1 (PLM or Elec.tron 
M i i:ro&c:opy) 

I- 1,78 

... 

TESTING AND 
LABORATORY DATA 

006-01 
0 

~ -3:D-'--'---'----------------------.;..-J..._.1,.._J..._J.... __ _,_ ____________ -I 

~ BORING METHOOt Dln,cl Push El£VATIOH REFERENCE: HA 

i 
i 
i 

60REtfOl.E OIAMETEf\.: 1,$ (lnl REMARKS: 

DR1LL RIG· Gcop.rob• wJM..ac,o kolohamrner OAOU~ OSU.AFACE ELEVATIOH: HA 

CONTRACTOR: O~·TIC.h E•pliOH Oon.&IKra!U STARTCARDl'TAG 10_ MA 

~ .... LOGGED SY: J . ,.ulO. LOlonc:11 DA.lLUNCOA.TES~ 10/1 1f1004 • 10l11'200,i 
l '------------------,.- M_ E_C_Ea_ rt_h_ &_E_n_v_ir_o_n_m-,e-n-.. - ~.;..ln_o. __ .L ____________________ , 

RP • HOD & LADD Soll S..mplln9 7375 sw Ourh;lm RD<>d ame&" LOG OF BORING 
~ Portland.Oregon LADD-102 

USA 9722.4 

t; 0-61M-1070J.O T59 Tel +1 (503) 63!hl400 f Fu •1 (S0.3) 620-7892 PAGE 1 OF 1 .._ ___________ ..___...:.._...:..._ _____________ __. ______ __, 



-
-
-
-

i- 5 -

-
-

SOIL DESCRIPTION 

S It 1Jf10 p/Wnol-tako odot and shaen en $Oll notla!d a1 S .0 tieet 
below ground surbce, 

• -~ -1--Sil[ ar11y S1LT w11h some clay, lowpbsticity. wet. Sheen noted-

~ .. ,. 
•< .. 

- on l(lmple. 

H o-+'.-.......__---------IL.II 
. 
. 
. 

-
l-1S-

-
-
-
-

- 20-

-
-
-
-

-
-
-

Tomi depth a 10.0 1eet below ground SUrfjCe 

NOTE, 
a . Sample$ analyied ror vo e , •82606 ), Pullc:ld•• (1081A). 
Hert>klde, t&151A}, SVOCs Including Phonol• C827DC), PCBs 
(8082A). Me tals (60108 , GOlO, 7471A), Oio,cin1IF urnn1 (8290> 

b • Samples an11tyied for l OC {9060 Modified> 

'" . Samp(M an1lyu d 10 , As.basto• (PLM or Electron 

I 
0: 

" ~ 
~" 3 

0 
i:: i z 
~~ 

;:, 

~ ""' 0 0 

77 

1,03. 

lil " 
~ .. ! 
l't ~ 
"'~ ~ 3~ "- II 

TESTING ANO 
LABORATORY DATA 

'"" •v , 
•• b 
008°0 1 
o. b 

009--01 
a. b 

fi _ MicroscopyJ J 

1-30-'--'---'----------------'-...... -I---'--'-- -.,_-- ------ ~ 
! 80RIHG fl.£THC)O; Direct Push ELEVATIO N REFEAE NOE! NA 

i 80REKOLE OIAMETat U (lnl 

DFULl IUG· G.:o,probe w;Mac,o Aotob.ln:met GROUHO SURFACE EU!VATIO~ NA ! 
~ 

~ 
CONTRACTOR; ~ h e h &pfomtOMIKr-.atu. STAltr C AAOITAO 10 NA 

REMAIU<.S: 

- LOGGED av: J. FasslO, L Clot18 DSUU.lHG OAT!.$; 10l111'lOC4 . ,otunoo.c 
, '-----------------MI-E-C- Ea_n_h_&_E_nv_lro- nm--onia- ,-. -,rn:.--....!.------&---.._- -----------' 

x RP · HOO & LADD Soll Sampling 131gsw oumamRo.d ame ~ LOG OF BORING 
"l Portland. Oregon LA DD-103 
o. USA 9722.4 
t; 0 •61M•10703-0 T59 Ttl • I (503) 63 9°3400 il! Fu +1(503) 620-7892 PAGE 1 OF 1 o'-------------- - ---'----....;.-'---------------------'------------' 



i 
E. ; 

- o 

-

-

5· 

-
-
-
-

.. 

-
-
-
-

,s-

-
-
-
-

- 20-

-
-
-
-

-u-

-
-
-

~ -

9 
~ 
"" .. 
" 

,.;i -fl,/[ ~~S1L'C1owiii~,o1iitc.,v.1rag,a.J-1 
..,. .,..g;m1c1 c..-c101>no1 

NOTE 
a . Samp,lft •"•,Yt•d for voca CIX.l. 9nticld9• (9CltA), 
Herb- 1111tA~ svoo. lnclud•og p,,_.,.,. lf770CJ, PCB• 
fa2AI, Motah ~IOB. tozo. 7471A), Dloa_u,.,,. 11:!IO) 

b . So'"IWA ono>,>td 10< TOC I'°'° Mod t...i1 

i -> . 
.t 80fUN"G Ml!lMOO OltKI ,1,lt.h 

i 
ELEVA tlOH AEffRE"HC!J NA 

;! 
J 
s. 

GROUNDIUflFAC.( lUVATIC)H• HA 

00 

-f"' I 

T!:STING AHO 
LABORATORY DATA 

• 
011.0t 

• 

012.01 

• 

: l000£D IV J r,n10, l.. Okin~ OMILllKO OATt.5. 10lttfJOO• • tOit UlOOot 

1 '--- - ----'-------------A-M_E_C_E..;,-nh_&_E_n_v_lr-n-nm- 0-nta- l,-ln-,-.--"------&---..,-----------~ 

RP • liDO & LADO Soll Sampling U75 SW Durham Road ame ~ LOG OF BORING 
J Portland, Oregon LA00-104 i USA 8727• :e 0-61 M·10703.0 T59 Toi •I 1503) ijJll-'400 
~ ,._ ______________ ..._,_ .. --'_' "50-'>1_a_zo_._1a_,_2 ______________ __._ ___ P_A_c_e_, _o_F_1 __ ..., 



r 
PROJECT N.AME 
LOCATJON 
DRILLED BY 
DRILL METHOD 
LOG<JED BY 

5>.MPLJ: 

T!Pf. 

LOG OF EXPLORATORY E,ORING fY\N'C,1. ·Z,C: 
RHONE FOULENC BORJrJG 1'0. M'W- :s 
See Site Map PAGE 1 OF 3 
SLaco WeU Ser\'ices R.E:-'"'ERENCE ::LEV. 48.09' 
Cable Tool TOTAL D&Jl-l 16.00' 
C. Rankine DA TE COM?LETED 12/22/8-3 

WELL 
£:l'AILS 

lTRO- I.lTW.DLCCJC: 

DCSCi\IPTIDN 

0-0.6' CONCRETE. 

0.6--0.7' Gravel ova asphalL 

0.7-1.1' Asphalt. 

1.1-4.0' SANDY Sll..T, see Jog MW-21 and 
MW-2D for material description (generally 
ML). 

4.0-26.0' SANDY Sll..T, see lDg M'N-ID for 
marerial descripcioo (ML). 

f---"-----J-_--JL__J0-_1:!ti......ui:LW..u..JJ.._ __________________ \ 
,-

REMARKS 

l~.-~W~RD51-~·C:.Han0"'-"-d_A_._"g_e_r_fro_m_0-4_f_eet. __ S=S_hall_O_W_·_26_._o~ree:._·_D_ril_Jed_w __ ,·t11_._rhre:;cled __ =_in_g-'...========~ 

~ ......... ...., n '-'--2 " ':'~00l.04<!.RJ-!ONL.JLG.0501B9 

) 

Mw-o'Z..- Zl-0 



LOG OF EXPLORATORY BORING Tl\ \/J' 'J 7/ · 't r . 
( .. ,._,, 

PROECTNAME 
LOCATION 
DRIUED BY 
DRIUMETHOD 
LOGGED BY 

,.,,,,.,, u: 

"''"'"'" 

RHONE POULENC 
See Site Map 
Sl3co Well Ser-ices 
Cable Tool 
C. Rankine 

15 
!4.82' 

w,:u. 
£:!Jt.11.5 

·' 
·' 

+ • • • • • • • ·t. 
:., 
:.i 

:/ .·· 
.·· .... 

·.··· ..... 
. ·· 
,•' ... 

BORING NO. 
PAGE 
REFERENCE ELEV. 
TDTALDEPTH 
DATE COMPLETED 

l.ITHOLOCIC' 

D£SCil.IP':'l ~ 

i\1\\'. :s 
2 OF 3 
48.09' 
26.00' 
12!22!~ 

4.0-26.0' SA."IDY SILT, continued from pre·,ious 
page • 

REMARKS 
Hand Aug,:r from 0-1 f= S=Shallow-26.0 fee:.. Drilled with threaded casing. 

T~ 001 . O~- l l . RHONE. J1,.;. 05011:!9 

1 



. 

LOG OF EXPLORATORY BORING 
PROJECT NA.ME RHONE POULENC 
UXA. TION See Site Moo 

Slaco Well Services 
Cable Tool 

DRll.l..cD BY 
DRILl.. METHOD 
LOGGED BY 

~L.: $-U: 

><O<BC.,. nn 

C. R2.nki.ne 

~ 
ffi:i~ 

-

-
• 

.. 

.. 

~. "' ifi:I.!. 

tu: l:'.J E:TAil.S' 
"--

~ 
r 
<I 
lfJ 

- ·, 

. ·, 

71- ·\ 
' ·, 

~;•1 
·~: 

-~ -·., 
- • :_1 

_, 
·! 
:,, 

_, 

25--' 

µ.ITHO-

LCGlC 

CoLUMN 

... 

-' \I ·.· .. 

.. -
.. -

-
-
-
-

- -

BORING NO. 
PAGE 
~RENCE ELEV. 
TOTAL DE..1'Td 
DATE COMPLEJ.i:.;) 

1:rrioLcG:rc 
DCSO.lPT!OH 

4.0-26' SANDY Sll... T, continued from page l. 

Bonnm of bole a.t 26.0 feet. 

~ RE.'v!ARXS s~sha1low-26.0 fee:.. Drilled wiLh threaded casing. 

hf,V. 2S 
3 Of 3 
48.09' 
26.00' 
12'2Z/s: 

I 
w Hand Auger from Q--4 feet. 

T400l.C4 ll.AAOl'lf:;.,.."1,C.05018' 1 

SI<!:,:.- C!)H AADS /S:,,CON 



LOG OF EXPLORATORY 80niNG ff\V,l' (}'), ·· 4U ··1 
PROTECT N . .!.Jv[E 
L.OCATlON 
DRILLED BY 
DR!lL Y.ETHOD 
l...OC',GED EY 

c,,)<?LJ: $.»'!.'.PU: 

'°"'"" rrrc 

RHOr-:E POlJ1.E:,iC 
See Si:e Map 
Starn Well Services 
Cable Tool 
C.R.anllie 

Sr"l Ril~ ~GJ 
1:;$~ 

c.. : 0.. 
W-,.. I .C 
~ I.a: (!r'-..J 

i (J) 

RE,\,fAP..KS 

W"E!,,I. rr.so-
&TAIL.3 LOCIC 

O~Ul-!h' 

0-0-5' CONCREJE 

BOR.!NC NO. t,'!W- ::.I 
PAGE 1 jf S 
R.EFE;u::NCE 2-EV. 47..91' 
TOTAL GE."Tii. 46.00' 
DATE CCMPLc 1 ED 1.2/2LU 

0.5-1.0' Asphalt with thin 12.yero( f8 gravel oo 
too. 

1.2-22' FJll., bod. wocd. m=l wile, snap 
swivel.!. coocruz: debris. 

2.2-4.0' SANDY S1LT, 80-90% silt, 10-20% very 
fine saod, darni,,.reddish FeOX and light 

· brown blolcbes an:! bleh:s, root debris and 
voids, compact (SM). 

4.0-28.0' SM"DY SlLT, see log MW-2D fo. 
mate.>ial d.esccipticn (ge:ierally SM). 

Hand Auger from (l2.2 feet I=ln:.errnedia:.e-46.0 feet. Telesroping ..-i!h lh:-e.aded drJJ 
=ing. 

-----------~"-"~l~.G~<~-11:._. RHONE. Ti..:;. G5Gl89 



PROTECT NAlv(E 
UXATlON 
DRD...LEDBY 
DRILL METHOD 
LO:::rGEDBY 

LOG OF EXP LOR .. ~, TORY BORING (Y\/J '0" .-'10 
RHONE POULENC BORINC NO. t' ~f\V- 2l 
See Si(e Map PAGE 2 OF 5 
Slaco Well Servic.s REFE.'l.ENCE ELEY. 47.91' 
·cable Tool 1DTAL DEPTH 46.0-0' 
C. Rankine DA TE COMPLETED 11/:1/8ll 

¥ 

I,!THOLO:IC 

OE:SCRIPTlOH' 

4.0-28.0' SA.NDY SILT, cootiooed from previous 
page. 

----'---20 

REMARKS 
Hand Auger from 0-2.2 freL I=IntermediaJ.e-'-0.0 feel Telescoping ;,ith thre:lcb:l cril.l 

ca:ing. 

T~OQ1.D4-!1.F..HONLJ"'i..C.Q~OH9 , 

1 



r 
LOG OF EXPLORATORY BOP.ING 

PROJECT NAME 
LOCAT:ON 
DRILLED BY 
DRILL METHOD 
LOGGED BY 

S.J.MP!.t 

Tr?!: 

RHONE POl:LENC 
See Sil, Map. 
Slaca ·well Service..s 
Cable Tool 
C. Rankine 

25 

• 

!'Tli!O

LOOIC 

BOR!NG NO. 
PAGE 
REFERENCE ELEV. 
TOTALD&1n 
DA TE COMPLETED 

1 r:tJl o 1.0::a c: 
D C.S.CR.I PT I CJl,I 

4.0-28.0' SANDY SILT, contillued from page 1. 

=- ... 

28.0-46.0' SILTY SAND, Se,: log MW-2D for 
material description (SM). 

REMARKS 
Hand Auger from (}-2.2 feel l=lnLe.'Tilediale-46.0 fe.e,. Tel=ping with lhre:lded drill 

casing. 

HVi'. !J' 
3 01'5 
4i .9 l' 
'1-0.IW 
tr21i:: 

T40D:.04-11.FJIONE . .i":,i;.OSO:!'!'.) 



LOG OF EXPLORATORY BORING \Y'i~v ct-Ab 
PROJECT NAME 
LOCATION 
DRILLED BY 
DRILL METHOD 
LOGGED BY 

~u; 5,:...'1P LL 

ll!>GCll T~P[. 

RHONE POULENC 
See Site Map 
Si.aco Weil Services 
Cable Tool 
C. Rankine 

;~ (/) 

ft: LU 
..J 

a.. a.. 

We le: 
<I 

I 
(/) 

' 

35 

REMARKS 

><ELL 

t'IA..I!.S 

' :,i 

' :.1 
•' 

' : ' 
:_i 

' ·.· 
' : ' 
' :_i 

' :.1 

ITHO-
!.OCIC 

OJ.OHi/ 

l ' '. 

BORL',G NO. 
PAGE 
REFER.ENCE ELEV. 
TDT . .V. DEPTH 
DATE COMPLETED 

1ITHCL,Oc;IC 

Dt.SCiUPTJCJN 

MW. 21 
4 OF 5 
47.91' 
46.()0' 
12121/&3 

28.0-46.0' SIL TY SAND, continued from previous. 
page. 

P'..and Auger from 0-2.2 feet l=lntennedlale-46.0 feet. Telescoping with threare:l drill 
casing. 

5;,L_:;::7- .::JWARDS / C."lC::'.lN T<COl .04-11.RHONt.J'..C.0501'9 J 

i 



PR Off CT NAME 
LOCATION 
DRil.LED BY 
DRILL lvfETilOD 
LOGGED BY 

LOG OF EXPLORATORY BORING t'f)v.\-li"l-·A\o ir l 
RHONE POULENC BOR:NG NO. hlW- 21 
See Sit, Map 'PAGE 5 OF 5 
Staco Well Senices R&""'ERENCE ELEY. 4i.91' 
C1ble Tool TOT AL DEPTH 46.00' 
C. Rankine 

W-c..U ~ll'RO

C'!'AlLS LOGlC 

-

-
. 

··: 

-
;\ 

- :\ 
·\ 

-.-'i 
' ·, 

' -_·, 
' ., ,- ·: 
' 

::.:. 
::.:. 
..... 
::.:. 
:·.:. 
··-~ ·•· .. 
::.: 

.-· ... 
,• 

:_.· 
::.:.. .. , 
•,' 
• .. · 
:.1 

.. - ·, :., 

·' :.,_. 
t:...- I :.• 

:.::~ -· :,i 

:., 
._ 45- r :.: 

I :_; 

-·' ., 
·- .. 
:, 

-

'" -

-. -

. -

DATE COMP!...c"""IED 12!211&8 

l,.!THOUlG!C 

DESCRIP'!IOH 

28.0-46.0' Sil.IT SAND, continued from previous 
page. 

Bor10m o{ hole at. 46.0 feet. 

1-----~---~--~-~so-~--~--~---------------------1 
REMARXS 

Hand Auger from ().2.2 feet I=lntermediaJe-46.0 feet. Tele.scoping with L'ireade<l drill 

casing. 

14 001 . 04-11. RHONE_ .JLG. CSOl 89 

. 



LOG OF EXPLORATOF,Y BGR NG 011!\) 01 , u,2. 
PROTECT NAME 
LOCATION 
o;uLLEDBY 
DRILL M:ETrlOD 
LOG0EDBY 

RHONE POULENC 
S,e Sitt Map 
St.aco Wdl S,nice-s 
Cable Tool 
C. R.anlcine 

0--0.6' CDNG.ETF.. 

0.6-J.0' ASPHALT. 

30Rl}1G NO. l,f\'i'- 2D 
PAGE 10F7 
REFER.ENCE £LEV. 4"1.GG' 
TOTAL DEPTH 65.10' 
DA IT COMPL....i::-rED 12/1913.3 

l.l':t'llOLOCl C 

.Pt..sOUPTlorf 

1.0-4.0' sn.T, noo ID slightly p!astit, tnce Yer/ 
fir.e S3fld,, damp, massive, roolet voids, very 
minor :-eddi.sh F<:OX stain on sou joints (ML). 

-4.0-20.0' SANDY sn. T, see log T-3 for m.atc::ial 
des::ripticn (gw:ruly ML). 

RE.MARKS 
?.and Auger from 0-4.0 fet:L Ir--Deel'.)-61.7 feet SS-2=-Split Spcoo 2-i..,ch O.D. 
Telescoping with true.oded drill ca.sing. 

l S•""£:-:..~ ~t.:n,>t,A.OS/t:nCOl't 7.1/0D:. 04-;,l. ilHONC • .:"W, 0$DJ 39 ) 

\V\l0- D2- (a 2.. 



----····----··---
LOG OF EXPLORATORY BOEiNG f{lil.: D~- .1;1 \ 

RHONE POCLEC<C BCRING NO. 1-1,v. 2V 1'. PROJECT NA\fE 
LOCAriO:-l 
DR!LLED BY 
VRlll rvfETHOD 
U)G{)EDBY 

See Site Map ?AGE ; OF 7 
Stac.o Well ScTvice.s R.EF~F..£.:"'l(:.=, 21-EV . .:!S.00

1 

Cable Tool TOT AL DEr"Trl 65.10' 
C. Ranllne DAU: COM?LS:ro 12Jl9is:! 

Lfl'1IOL0C1C 

Ot.s0.:P7!'CII 

4.0-Z0.0' SANDY SILT, Ctlotinucd :'.rom previous 
page. 

'-------'---20 

REM,>\R.KS 
P..:md Auger lr.,rn ll-4.0 !COL l).;eee;xiJ.7 !eeL $S-2':Spul Spoon 1-inch O.D. 

Telescoping v.ith thn::ided drill casing. 

1 



LOG OF EXPLORATORY BORl~~G 
FRQjECT NA/v!E. 
LOCATION 
DRJLLED BY 
DRJLL METI-lOD 
LOGGED BY 

~!..l: !>J"'[PLJ: 

=o. T':'.PE 

S-1 SS-2 

.>-2 SS-2 

S-3 SS-2 

S-4 

RH01\T POULENC 
See Site Map 
Slata Well Sen-ices 
Cable Tool 
C.R.snkin,: 

~ 
0, 

8;: IJJ 
~ '?j c.. c.. 

~ 
:E 
<t 
0, 

IIELl, I".il!O-

n'AIW l.:XIC: 

c:-..7---oi 

BORiNC NO. 
PAGE 
R.EFERE.'-ICE ELEV. 
TOT fl. DEPTI-l 
DA TE CGMPL.EP'_D 

l..1THOLOC1C 

OESCRli"r!OH 

MW- ,D 
3 OF 7 
48.00' 
65.10' 
12119/83 

20-21.5' SILTY SAND, 30% silt. 70% very fine 
sand dark g:roy, wet, loose, m~sive, micaceous 
(SM). 

. ---= 

24.0-25 . .5' SILTY SAND, as imme&a1.ely above 
(SM). 

26.1-26.9' SANDY SILT, 85-90% silt, W-15% 
very fine sand, darl: gray, very moist. semi 
a:,mpact, massive (ML). 

26.9-27.6' SILTY SAND, 20-30% sill. 70-80% 
very fine sand, trace fine sand. we.. lcosc, 
massi"c, micacrom (SM). SS-2 

='-'-'Ci. 27.6-28.0' SILTY SAND, as immerli:u.ely above 

S-5 SS-2 

RE7v!ARK5 
/ ~ Hand Auger from 0-4.0 fe,,1. D,,Deep-{i1.7 feet. 
j w Telescoping with threaded drill casing. · 

~~-L!JWARDS/~CO~ 

wilh 0.02 feet thid: sill horizon mid sample 
; (SM): 

28.0' SILTY SAND/SANDY SILT CONTACT 

28.0-29.l' SAND,= ,:ill, 60% very fine sand, 
40% fine sand, darl: gray, we:, loose, 
micaceous (SP). 
1-

SS-2=Split Spoon 2-inch O.D. 



~DJECT NA.\{E 
L0C 1.TiON 
DRILLED BY 
DRTI..L l'>iETHOD 
UJGGED BY 

SS-2 

S-7 SS-2 

LOG OF EXPLORATORY BORING ('{\lc·C2,·li2., 
RHO~'E POULENC BORING NO. ~f\\'. lD 
Se,Site~iap PAGE 40F'i 
Staco Well Senices R.EI'ER.ENCE ELEV. SS.00' 
Cable Tool TOTAL DEPTI-l 65.10' 
C. Rankine DATE COMPLETED llll.9/&3 

)l'LJ..L ITHO-

.cTA n.s !.OC 1 c 

LUHN 

LlTHO.I..CC:iC 

DLs.c:r.IP"ilOH 

29.9-30.2' SILTY SAND, 40% silt, 60% very fine 
S311d, trace ti.De sand, brown gray, wet, loose, 
massive, slightly rrucaceous (SM). 

302-31.8' SILTY SAND, 10.15% silt, 60-70'% 
Vr:rf fine sand, 15-3()% fine sand, dark gray 
grading to brown in bottom 0.5 feet, wet, 

loose, massive, micaceous (SP-SM). 

35.0-3:S.3' SILTY SA.'ID, 10-20% silt, 8Q.90'% 
very fine sand, trace fmc sand, dark g,-ay, 
damp.massive, micaceous (SM}. 

35.3-36.l' SANDY SILT, 70-8W, silt, 20-30% -
ve:ry fine sand. gray brown-browo-gray brown, 
wet, massive, mkaceous (Ml). 

36.1-36.5' SAND, 10% silt, 60% very fioe sand, 
30% fine sand, darl:: gray, very moist, massive, 
mira=us. compact above 35.7 feet, loose 
below, wet at 35 .. 7-35.9 feet (SP). 

REMAR.X.S 
Hand Auge, from 0-4.0 feeL Ir-~L 7 fee!. SS-2.=Split Spc,oo 2-inch 0.D. 
Telescoping wilh lhre:,ded drill casing. 

~"~"~"'-' -~CD="'-""~-~· !~CM""C=o~·-------------------------"-· ,_oo_•_. o_,_-,_· l_. _RH~NC. ~"L(;. 050 i 29 

1 

I 
', 

I 



PROJEG NA:AE 
LOCATION 
!:>R.:'.LLED BY 
'.) RJ:..i.. ME THO D 
LOGGED BY 

..-u: S~Lt 

"""""" =~ 

S-8 SS-2 

S-9 SS-2 

LOG OF EXPLORATORY BORING 
RHOr-.c: POULENC 
See S · Map 
Stael ~'i'eU Senices 
Cable Tool 
C. Rankine 

8r::3 Ft m 
~ "- ' it 

~'tf 
(/) 

45 

fl"' \ 

.,,...,, 
£?i\:l.S 

• + ... 
:t 

!THC-

LOCJC 

.1 :., >---< 
~' :.; 
·' =.r· 
·' :., 
·' :., 

.1 :., 

J 
I 

.. :.r .·· ·.· ... ... .. . ... 
.·· ... ... 
::: 
::,: 

BORING NO. MW- 2D 
PAGE SOF7 
R.Ei-J::.RENCE El.EV. 48.00' 
TOTAL DEPTrl 6S.10' 
DATE COMPLETED 1.21191&:: 

t.ITliol..CGIC 

DCSC1U'. P'T 1 ON 

40.0-40.5' SAND, = sill, 50% very fine sand, 
50% fme sand, brown, wer., loose, massive, 
micaceous (SP). 

40.5-41..5' SlLTY SA.'ID, 30% silt, 70% vay fine 
sand, brown, we:, loose, massive, mic:aceous 
(SM). 

4~.0-45.3' Sll.TY SA."ID, 20-30% silt, 70-80'll, 
vay fine sand, brown, wet, loc:se, massive, 
mi=s. 0.02 foot silt l.amin:a at.453 feet 
(SM). 

453-46.5' SA.ND. trac.e sil1.., 60% very fine sand, -
40% fine sand, brown, wer., loose, massive, 
micace,ius (SP). 

Hand Auger from IJ..,1.0 feet D=Deep-{il. 7 feel SS-2--Spli! Spoon 2-inch 0.D. 
Telescoping with thre3ded drill ci.si.~g. 



I~ PROiECT NAME 
LOCATION 
DRfLLE:) BY 
DRJLL METilOD 
LOGGED BY 

S).Y.PW: SA.'1PLZ: 

IIU<OCR TYPE 

S-10 SS-2 

S-11 SS-2 

S-12 SS-2 

LOG OF EXPLORATORY BORING (f\vv ,D 1 · G], 
RHONE POULENC BORING NO. H\Y. :D 
See Sile Map 
Staco Well Scrrice.s 
Cable Tool 
C. Rankine 

~ "' ft w 
-' jg a.. a. 

~ 
,: 
<I 

"' 

55 

'i 

~ 

60 

' 
' 
' 
' 

.... l'IHO-

ETAII.S LOG!C 

OLOM>I 

:.' 
:.z 
·.· 
•: 

PAGE 6 OF7 
REFERENCE ELEV. 48.00' 
TOTAL DEPTH 65.10' 
DA TE COMPLETED 12/19/88 

l.Il'iiOLOGIC 

DE!SCilIP'r!OH 

50.0-5].5' SAND.= silt, 60% ver1 fine sand, 
40% fine sand, brown, wet, loose. monled 
l.h.ick berlded rolor variations, thin silt 
laminae (0.03 feet l.h.ick) at 50.4 and 50.5 
feet, micaceoos sand, f,ne sand decreasing 
(SP). 

55.().55.9' SAND, 10-20% silt, 40% very fine 
sand, 40--50% fine sand, brown. wet, loose, 
reddish FeOX lined mauled bedding (SP-SM). 

55.9-56.0' SANDY SILT. 60-70% silt, 20-40% 

very fine sand. gray. brown, very moist 
compact (SP-SM). 

56.0-56.5' SAND. as immediately above (SP-SM). 

n. 

Hand Auger from 0-4.0 feeL D=Gee;,-ol. 7 feeL SS-Z=aSplil SJlCC<I 2-inch OD. 
Tel=oping with threaded drill casing. 

TrnOl . 04-11. RHONE . .r...i;. D50] 8 9 



I 

I 

?ROffCT NAME 
L~)C . .1. T: C: N 
I:RlLLED BY 
DR!l.L METliOD 
LOGCED BY 

S-13 SS-2 

i 
S-14 

/ 
SS-2 

LOG OF EXPLORATORY BORiNG fl'11i: c2 {Ji 
RHONE POULENC 
See Sile Map 
S lJl co WeU Se nice,; 
Cable Tool 
C. Rankine 

"' ~~ ~i 
?§w ~ <:: 

lrfEU. r1-ITliO-

CT>.l::...S LCG1C 

BORL'sG ~O. MW. 2D 
PAGE 1 OF 7 
REF~R.E..'-ICE :':LEV. 43 00' 
TOT Al.. DEPIB 65.10' 
DATE COMPLETED 12/19/83 

l.1TH01.,0l:;le 

DCSO.lMlOK 

~,..J (/'l 

~:;:;:::;;:~;::;~:::;59;::. 7:;:-6::;::l.:;:2 '=C::;EMB~::;NTE~,~D;::G:;RA;::;::VE:;:U.~Y=S-.:;:AND:::::;;::m=====::J 

I-

! r 

-
. -
. -

.. -

- -

.. -

.. -

minor clay, silt and sandy silt matrix, 
nonplastic, equal portions of fuie to cnarse 
sand and graveL yellow brown to dark gray, 
.angu!ar·subangular basal I gravel (GW -SW-Cl.}. 

63.1-64.3' As immediately abo"" (GW-S'.V-C'L). 

64.6-64.8' No sample return, driving hard 
{GW-SW-0.?). 

64.8' BASALT . 
Bottom of hole ai 65.1 fee:.. 

>---~---L---...l.---10,-_j __ ..J.. __ .J... ____________________ -! 

REMARKS 
Band Auger from 0-4.0 fc,,t Jr-De.ep-51. 7 fe:t. SS-l=SpU1 Six,on 2-bch O.D. 
7eJescoping with threaded dfJI c:ising. 

' 



LOG OF EXPLORATORY BORING 

PROJECT NAME 
LOCATION 
DRIU.ED BY 
DRILL MEIBOD 
LOGGED BY 

RHONE POULENC 
Portland, Oregon 
St.aco Well Services 
Cable Tool 
C. Rankine 

SAMPLE. SAMPLE BLOW c:, 0::"' 
U) 

:c - LU 
NUMBCR Tl'PE: CDIJN'IS 

Zu,.J ........ .J ::,,_ LU C. LL C. 
(r,I COMP) Do:C> LUz ,: 

fli :I~ c:,H 0: 
<REC I> U) 

JO 
REMARKS 

"' •uZ .J.J 
.JH 

DH,: 

LUO: 
:c C!>::, 

:,: ,_ f-a.J 
LU :j...J8 
D 

BORING NO. MW- 7-55 
PAGE 1 OF7 
REFERENCE ELEY. 48.48' 
TOTAL DEPTI! 62.30' 
DA TE COMPLETED 12129/88 

LITHOLOGIC 
DESCRIPTION 

0-4.0' SANDY SILT, slight-moderately plastic, 
vegative cover, 10-15% clay, 70-80% silt. 
10-15% very fine sand. brown with reddish 
FeOX and light gray blo1ehes, damp, compact, 
root debris and voids (ML). 

Hand Auger from 0-4.0 fCCL SS-2=Split Spoon 2-inch 0.D. Drilled tclC$coping lhreaded casing. Refe~cc: 
elevai..ion=top of 2-inch sui.nless sLeel caliing. 

EMCON Northwest In 



(~~~~~~~---,L~O~G:--,:O=F~E=x=p=L~O~R~A=T=o~R=Y-:-=B=o=R=IN~G~-~-~\-\-'\-)1 5b 

PROJECT NAME 
LOCATION 
DRlllEDBY 
DRlll METHOD 
LOGGED BY 

RHONE POULENC 
Portland, Oregon 
Staeo Well Servites 
Cable Tool 
C. Rankine 

s:~E I c=~:;s 

S-1 SS-2 

S-2 ss.2 

IN COHPI 

<R.EC \> 

REMARKS 

BORING NO. MW- 7-55 
PAGE 20F7 
REFERENCE ELEV. 43.43' 
TOTAL DEPTH 62.30' 
DATE COMPLETED 12129/88 

L!THOLOG!C 
OESCRIPTION 

10.0-llS SM'DY Sll.T, slightly plasr.ic, 10% 
clay, 60-70% silt. 20-30% ve:ry fine sand, 
brown, damp, roollet voids, massive, slightly 
micaceous (ML). 

15.0-16.5' SANDY SILT, 60-70% silt, 30-40% 
very fine sand, trace fine sand, brown, wet. 
loose, massive, micaceous (ML). 

Hand Auger from 0--4.0 r~ SS~l=:Split Spoon 2-Ull!:fl 0.0 Drilled 1.clt:lcoping thrtaded cas.ing. Rcfe.te?lC'.C 

J 



( LOG OF EXPLORATORY BORING fJ1'JV; ,')~ . 50 
PROJECT NA.ME 
WCATION 
DR!LLEDBY 
DRILL METHOD 
LOGGED BY 

RHONE POULENC 
Portland, Oregon 
St.aco Well Services 
Cable Tool 
C. Rankine 

SAMPLE: SA.~I.E BI.OW 
~IX~ :t:~: 

c,, 
w 

"""'"" TYPE C-OOlffS =:lWI.Ll I-LL: J 
or-:> a.. , a. 

(N COMP) CX'<I:.W Wz' ,: 
c.,::I ...J OH <%: 

<REC t:> "' 
S-3 SS-2 

S-4 SS-2 

S-5 SS-2 

SS-2 

25 

S-7 SS-2 

S-8 SS-2 

c,, 'uZ _,_, 
_,H OH,: 
l/J <%: ::,: "'::, 
:I l;j 1-o-' 

~-'8 0 

BORING NO. MW- 7-SS 
PAGE 30F7 
REFERENCE ELEV. 48.4S' 
TOTAL DEPTH 62.30' 
DA TE COMPLETED 12/29/88 

LITHOLOGIC 
DESCRIPTIDN 

20.0-21.5' SANDY SILT. as at 15.0-16.5 feet 
(ML). 

21.5-23.0' SANDY SILT, as at 15.0-16.5 feei 
(ML). 

23.0-23.3' SANDY SILT, as at 15.0-16.5 feet 
(ML). 

233-24.l' SANDY SILT, 90% silt. 10% very tine 
sand, brown, wet, mildly compact. massive 
(ML). 

24.1-24.5' SILTY SAND, 30-40% silt, 60-70% 
very fine sand, trace fine sand, brown, wet. 0.1 
foot thick satwated zone with light yellow 
brown coloration, loose, massive (SM). 

24.5-26.D' SILTY SAND. 30-40% silt. 60-70% 
very fine sand. ttace fine sand, gray brown, 
wet. loose, massive silt rich zone 0.1 foot lhick 
at 25.7 feet. micaceous (SM). 

26.0-27.5' SILTY SAND, as at 24.5-26.0 feet. no 
silt rich zone (SM). 

27 .5-28.7' SILTY SAND, as at 24.5-Ui.O feet. no 
silt rich zone (SM). 

28.7-29.0' SANDY SILT, 90% silt, 10% very line 

\ 

S-9 SS-2 sand, gray brown, wet, compact, slightly ,' 
micaceous (ML). , ~-------------------------------~ 29.0-30.5' See page 4 for description. 

30 
29.0-30.5' SILTY SAND, 30-40% silt, 60-70% 

RE.MARKS 
Hand Auger from 0-4.0 [eeL SS-2.=Splil Spo()(i 2-inch O.D. Drilled l.cle:scoping, tht'mded Qatu\g. Reference 

cl,:vation::a::top of 2-inch stainleu st.eel casing, 

EMCON Northwe$'~. I: 



r--,-------.,....L=o-=G'""'o=F-;:E=x=p=L-::O:-::R:::-A:-::T=o=-R~Y--cB,--,O=-cR=1,.,..N"""G=---/V-1-v\i_'_c_1_, -,)(? 

' ' 

PROJECT N'.AME 
LOCATION 
DRII.LED BY 
DRill. METiiOD 
LOGGED BY 

RHONE POULENC 
Portland, Oregon 
Staco Well Services 
Cable Tool 
C. Rankine 

.S:AliPU:: SA.M.P1.E SLOW C~tn:' :C • "' UJ 
NUMBER TrPE COUN1'S Zw-' i ••• J- ...J =,~w: a.. LL c.. 

<N Com'i o<r:>: UJ :c o:'.3W c2 <I: 
<!U:C \) (!) ..J H 

"' 

S-10 SS-2 

S-11 SS-2 

S-12 SS-2 
35 

REMARKS 

"' _,...J 
_,H 
Li.I <I: 
::i: ... w 

0 

'• . ' . : .... 

•uz o,_.:c 
:t: (!)::, 

i ::. 0 a 
: _J....JU 

BORING N'.O. MW- 7-SS 
PAGE 40F7 
REFERENCE ELEV. 4&.48' 
TOT AL DEPTH ~l.JO' 
DA TE COMPLETED 12/29/88 

LITHOLOGIC 
DESCRIPTION 

very fine sand, trace· I 0% fine sand, gray ... 
brown, wet, massive, loose, micaceous (SM). 

30.5-32.0' SILTY SAND, 10-15% silt, 70-80% 
very fine sand, 5-10% fine sand, gray brown, 
wet, massive, loose, micaceous (SM). 

33.0' SIL TY SAND/SIL TY SAND CONT ACT 
32.0-33.5' SILTY SAND (40%), SAND (60%), 

SILTY SAND; 20-30% silt. 70-80% very fine 
sand, in,ce fine s:md, SAND; 60% very fine 
sand, 40% fme sand, all gray brown, wet, 
intertiedded, loose-slightly compact, micaceous 
(SM-SP). l-------------------------------· 

35.0-36.5' SANDY SILT (20%), SAND (80%), 
SANDY SILT; 80-85% silt, 15-20% very fme 
sand, darlc gray, very moist-wet, compact, 
interbedded with yellow brown, very thin sand 
layer. on either side of a gray brown sand zone 
0.5 foot thick that has a silvery sheen, sand 
content as at 32.0-33.5 feet (SM). 

H.and Auger from 0-4.0 fecL SS-2::Split Spoon 2-inch O.D. Drilled 1cle:i;coping thm20e4 casing. Reference 
dc,.,UJon=iop of 2-inch na.inlcu: st.eel casing. 

• 
' 



r LOG OF EXPLORATORY BORING Iv\V\J ·l() · 5t:> 
PROJECT NAME 
WCATION 
DRILLED BY 
DRil.L METI-l0D 
WGGEDBY 

RHONE POULENC 
Portland, Oregon 
St.aco WeU Services 
Cable Tool 
C. Rankine 

SAMPLE SAMPLE BLOW o er"' ::c • "' w 
Nl.JMBtR TYPE COUNTS Zw..J ...... ..J ::, ... w n. "- n. 

(N COMP) a<C:::,. "'z :E 
ffi:1~ o,_. <C 

<REC I> "' 
S-13 SS-2 

\ 

"' ..J-' 
..JH 
w<C 
"'t;:; 

0 

. . . . . 
. . 
•· 

2/--::-- :: : 

·:: 

S-14 SS-2 
45 

•uZ 
r::,H,:: 
I C!l::, 
>-a-' 
~_JS 

BORING NO. MW- 7-55 
PAGE 5 OF7 
REFERENCE ELEV. 48.48' 
TOTAL DEPTI-l 62..30' 
DATE COMPLETED 12/29/88 

LITHOLOGIC 
DESCRIPTION 

40.0-41.5' SILTY SAND, 20-30% silt, 70-80% 
very fine sand, gray brown, wet. loose, 
massive, micaceous (SM) . 

45.0-46.5' SILTY SAND, 10-20% silt. 60% very 
fme sand, 20-30% fme sand, gray brown, wet. 
loose, massive, 0.01 foot thicl:: brown silt 
horizon at 45.3 feet. very fine sand grading 
into fine sand at sample bonom (SM) . 

i 

........ ~-----------------------------------

50 
REMARKS 
Hand Auger from 0--4.0 fcu. SS-2.=Split Spoon 2-inch 0.0. Drilled Lele.scoping threaded casing. Rcfen:ncc 
e.lev&Lion=Lop or 2-inc;h su.inle..n necl casing. 

\ ™CON NDl'thwen, lnc.. 



-LOG OF EXPLORATORY BORING 1 ~1~~ 0·1,':J'..: 
PROJECT NAME 
LOCATION 
DRill.ED BY 
DRill. ME1HOD 
LOGGED BY 

RHONE POULENC 
Portland, Oregon 
St.aco Well Services 
Cable Tool 
C. Rankine 

~SAHPLt Bl.ON Oo::U> 
CO"V)l'TS 

:a:..,..J 
Nl,'MBtR ; TTPt ::,,_ uJ 

{N COMP) Oo::> 
ffi::t ~ <R£C b 

S-15 SS-2 

S-16 SS-2 

S-17 SS-2 

S-18 SS-2 

REMARKS 

:,: . U) 
w ,->- ..J a. LI.. a. 

Wz I: 
o>-< a: 

IJ) 

~,·· 
.. 

,. ' Y' •. 

60 

--· .... .. .. .. .. . . .. ~ ...... 
.. . .. . .. . .. ~ 

BORING NO. 
PAGE 
REFERENCE ELEV. 
TOTAL DEPTH 
DA TE COMPLETED 

LITHOLOGIC 
DESCRIPTION 

MW-7-55 
6 Of 7 
48.48' 
62.30' 
12129188 

50.()...51.5' SILTY SAND, 2[)..3()% silt, 50% very 
fine sand, 2D-3D% fine sand, gray brown, wet, 
massive, slightly compact, micareous with 
SANDY SILT interbed at50.3-50.8 feet, 
slightly plastie. 80-90% silt, 10-20% very fine 
sand. gray brown, very moist, minor reddish 
FeOX discontinous laminae (SM-ML). 

53.1' SIL TY SAND/CEMENTED GRAVEL 
CONTACT 

53.1-54.0' Slightly weathered BASALT GRAVEL, 
broken by sampling with intem1ixed 
fine-coarse sand and fine gravel, minor yellow 
clay adhearing to gravels-heaving sand (GM). ~-------------------------------~ 

55.0-55.8' CEMENTED GRAVEL, slightly 
weathered BAS ALT gravel in clay, silt, fine to 
coarse sand mattjx, yellow brown and FeOX 
red, light to dark gray, mostly fine gravel, 
u:ace coarse gravel, equal portions of finer 
materials, heaving sand (GM-GC). 

56.3-57.0' CEMENTED GRAVEL as immediately 
a!:,ove with other volcanic gravels besides 
BASALT (GM-GC). 

H.vu! Auger from 0-4.0 fec:L SS-2.=Splil SJX>On 2-inch O.D. Drilled telescoping. threaded casing. Rden:nc.:: 

c:lcvat:ioo=top o! 1 ~i.ncli su.inlc:;, 1,ter:l casi.ng, 



r 
LOG OF EXPLORATORY BORING lv11\i '(_, 1 · •j(;·, 

PROJECT NAME 
LOCATION 
DR!LLED BY 
DRIIL M.ET30D 
LOGGED BY 

RHONE rOULENC 
rort!and, Oregon 
St.aco Well Services 
C~ble Tool 
C. Rankine 

SAMP"LC. S.\.Kf'Lt 5LOW 

.NUHB&R TYPE Com,iTS 

(r,I CO~! 

BORING NO. MW. 7-!S 
PAGE 7 OF7 
REFERENCE ELEV. 48.48' 
TOT AL DEPTH 62.30' 
DATE COMPLETED 12129188 

LITHOLOGIC 
DESCRIPTION 

I 
k i 

<:RE.: 'l> 

I 

60.0-60.6' BASALT gravel and sand. S-!9 SS-2 

62J' CEMENTED GRAVEL/BASALT 

CONTACT -
Bonom of hole at 62J feet. 

. 

65-

-
-

-

. 

REMARKS 
Hand A!Jger from 0-1.0 f~L SS-1;Split Spoon 2,inch Q,D. Drilled 1.elescapl:ng threaded calling, Rden:n.::c 

e!evatioo,=top of 2•uich .n.amle.n nee\ ca1ing. 

EM<::ON Northwes:t. 1 

I 



( LOG OF EXP LORA, ORY·B-O~R-,=,N~G=---/'{'-, \-;'IJ-,-t,-~-,L-.1- -, 

PROJECT NAME 
LOCATION 
DRILLECBY 
DR1LL MElF.OD 
LOC-GED BY 

RH01'iE POULENC 
Portland, Oregon 
Geo Tech Exploratioo 
Hollow Siem Auger 
C. Rankine 

s.AMP;:..E: SA.MP::.£ SLOW o.,,uil:x:. !I] 
w 

t,"tl'M3£$ 1l7E C:OW'!S 
zw_., f--1--. 5--~10."-(NC~) i o:.:<Cw Wz 

I u,:i _l, a.~ <Rt.C :,:> 

!I] •uZ ..i..l 
..JH 9HZ 
w<r .=(!;~ _,.. H0:0 ... LL< _r-u: 

Cl 

BORING NO. 
PAGE 
R&'"""ERE."ICE ELEV. 
TOTAL :lEPYrl 
DA TE COMPLETED 

L..ITHOLOG:C 
'.:lESCF.I?T!ON 

MW- 8-24 
1 OF3 
48...l2't 
30.DD' 
2/28190 

~-,···- ··· Q..2.9' FILL. GRA vr:L and SAND: coarse to fine 
sand, ~arse to fine angular and rounded 
grave~ brown, damp, wood, metal, glass ctecri.s 
(GP-SWJ. 

S-1 cc 

S-2 cc 

S-3 cc 

66% 

60% 

. 
5 

. 

. 

. . 
100% 

10 

. . . . . . . 

. . 
. . . . . . 
. . . . . . . . . . . . . . . . . . . . . 
• . . . . 
. 
: :i . 
---. . . . 

2.6-2.9' very moist. slight sheen on soil . 

2.9-3.5' Cl.A YEY SA."IDY SILT; 75% siltand 
fmes. 25% very fine sand. slightly plastic, 
im.ennixed brown and gray with bLsck: fmo 
gravel si:ze blotohes. tl=mpc:,sed org"''>ic 
mau.er, mais;, massive, loose (CL-ML) • 

3.5-4.5' SANDY SILT. 60% silt. 40% very fine 
sand. inu:..--mued brown and gray colontions 
with gray blotohes, moist. massive, loose (ML) • 

.!.5-5.l' SANDY SILT, int=nixed brown and 
dark gray coloratioas. nonplastic. 2% small 
sticks, grass\ wood fiber, black iu,e g:ravol 
size blotohes. decom!X)sed organic matter, very 
moist. massive, loose (ML) . 

5.1-5.4' SANDY SILT, as at 3.5-4.5 feet. 

5.4-6.5' WOOD DEBRIS, wet, wood fit= and 
black charcoal remains ofburm bark? (OM) . 

6.5-9.0' SANDY SILT, 85% silt. 15% vory 
fine-fine sand, nonplastic, gray brown, wet, 
massive. loose, slight product sheen on wet soil 
(ML) . 

9.0-92' WOOD DEBRIS, very weathered wood 
fiber (OM) 

91-11..5' SANDY SILT. see following page for 

CC~ 3<}!4-U)r:;.h Camino.ou:l Core Sampler. WcU uJernbiy-;;: :-tn.ch Scherlule S n.e,Wc,s s:el pipe '*l<h fJ.Ol'J-istch 

slots~. Ri:.f~cc elev:tttion-"'tO"p of :-m::.h $UIU\l~,: n::e1 CJ4-ing, GroonG d.e.v1tioo::.46,80 fe:::.. TI-.is 
n'l01'dtonnll; well tr'pi•res piezorr.:~r P. J~ 

l~Er,,.1C0NNorthw,:s"'e:''"·ln!!!=S.·--------------------------...i.:"'..'co:c.,_,'-'.o"-'~·''-''"'nsc:_;_,._dJ::,.c_;_·cc=~·'s.c1~:--'-'":2'.''.!.'..-/ 
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I 
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LOG OF EX?LORA I ORY BORING r/i'v"v, [8 1,1 
PROJECT NA ME RHONE POULENC . BORING NO MW g 04 . ·-
LOCATION Portland, Oregon PAGE 20F 3 
DRILLED BY Geo T ecll Exploration R&""'ERENCE ELEV. 4S..23' 
DRILL METrlOD Hollow Stem Auger TOTAL DEPTH 30~00" 
LOGGED BY C. Rankine DA TE COMPLETED 2i28/90 

I 
! 

51..HP'LE: 51.MPLE: !I.CW Oo::;m -i- • "' . <Jl I t.,Z LITHDLDGIC ·W: 
.....J~ NtJ?-f.BtJi ':''tn COUNTS Zw.....J i=~ ..J • OH:,: 

DESCRI?TION =1~W c..LL 0..' ..J<r :i:: "'::, 
W COMP' l O(C::> i W :,: !,!/;- >-o..J 
,• .. 0::3W10Z 0: ~uJ :j_;g 
<R.tC \.> (.!) ...JI f,o,( u, 0 

I 
. ' :: :: j. . description . 

••• 9.2-!!S SA,.'\'DY SJLT, 85% silt and fines. 15% ... 

IT 
... very fme-fine sand. mode..'<lle plasticity, . ·. brown-brown red. moist. massive, trace small .· . . ·. sticks (C"L-ML). ,·. . i .. . . . 
<~ ~ I' I • - . 

l: 1. 
' l!.5-12.2" SANDY SILT, 60% silt, 40% very fine , .. ·.· ., sand. nonplasric, brown, wer. massive, trace ' .. .. , .. 

j. product sheen on wet soil, trace small sticks 
·.· .. 

tML). . . ... -
L 

. . ..; ~ . 12.2-13.3' SANDY SlLT, 85% silt, 15% very fine . 
'h . . sand. nonplasric, brown, damp, massive, trace • :","' ,. 

•, : ' 
small sticl:s (ML). 

e ' := · 1 · :r-
\13.3 F1LI/SANDY SILT CONTACT 

S-4 cc 70% 13.3-15.2' SANDY SlLT, 60% silt. 40% very fine 

I 
.. 

J: 
: ' ' sand. nonphlstic, gray brown, wet, massive, f'. ' - l ' : .. loose, FeOX red mauling, no prcx!uct sheen 
- j: -: . 

(ML). -

l ., •· .. ·. 
i. 

. 
; . - 15 - ' " : ~- ' . 
. ' 

•. . :H 15.2-185' SA,'\'DY SlL T, 80% silt, 20% very fine ,.. 
'. sand. nonplastic. moist, massive. compact. 

; ·' r, crumbles inrn irregular shaped pio:e.s (1;1L). 
; ' ' ... /1,'.'1 :·.~· r ., 

.:_::. ,' t . .' I·,, . 
- : .· '' j. · t .,, 

:', !isl':·.: 
,, 

- -- I - -
,.. 

't ::~: 
- ·-·.a S-5 cc 100% l 

L 18.5-21.5' SANDY SILT, 70% sil~ 30% very fine ·',s'< .; . 
r 

r -~ 

I 
L sand, nonplastic, gray. wet. massive, loose~~ 

' :-:, \/ I· produc, as brown be!<d.s (ML). 

I l: ., . 
; 

-
..... = 

; 

: 
•' 

i, "f" i' 20-
REMARKS 
CC= 3·3/4-inch Continuous ~te Sampler. Well a.ssembly = 2-inch Schedule 5 m:1.intcn nee1 pi?C 'Pith O.OW-inch 

~lac ,cre:en. Re.f,:,,re:nc::. -elevation~ of 2-ina: tt.am.ieu tt.:':t.:l casing. Ground d.evatl:Jl'l:;;;46.BO fee:.. 'Ir.is 
morut0nng: well :rpi.llQ:.S piczomeu::: fqo2,. 

' 

r 

I 

I 

I 

I 
I 
' 

) 



r LOG OF EXPLORATORY BORING .. \\~\ /Cb··:2.1 
PROJECT NA.1.1:E 
LOCATION 
DRil.LEDBY 
DRilLMETHOD 
LOGGED BY 

RHONE POULENC 
Portland, Oregon 
Geo T ecb Exploration 
Hollow Stein Auger 
C. Rankine 

; ; i 

SA.M.?!,t SA."!E'~E. SLOW ' ' "' 
t:: "' "' - T.,., 

NtlMBCR TYPC COUNTS 

(N CCMPJ 

<REC ., 

S-6 cc 80% 

~ LU _; i== f<- ..J 
-'t--,,UJ o..U.. 0.. 
~<raj W:z I: 
c.11:,; .J. CH 18i 

¥ 
21.33' 

2/28/90 

I, z! ID 
.J.J : O~I: 
.JH 
w"' ' :::.:u;::) _,.. ;~05 ~w ...J....J:J 

t:l 

. · 

BORING NO. 
PAGE 
RE.FERENCE EL.EV. 
TOTALDEPTh 
DATE COMPLETED 

LITHOLOG::c 
OESC!UPTION 

MW-8·24 
3 OFJ 
48.2.3' 
30.00' 
2/28190 

21.5-23.0' SANDY SlLT, 80% silt. 20% very fine 
sand, nonpll!stic, very moist-wet, massive, 
loose, diminished visible product !O slight 
sheen on soil (ML). 

23.0' SANDY S1L T/S1L TY SAND CONTACT 
23.().27.0' SILTY SAND; 40% silt, 60% fine sand, 

nor.plastic, wet, massive, loose, sheen on soil 
and water surrace, interlx:dded SIL TY SAND 
and siltier layers, (SM) . 

, @ 27 fret boring rerrninated for piezometer 

i 

: • . . insmllation. 
~;:::;::: .l-'-..;.....+-=Bc-.cOc=TT=o:-:-M-:--=O=F-=B"'O"'RIN=G=-cA-=T'""2"'7"".o""'FEE==T,-. -------< 

REIY!.ARKS 

: '.;:::;: Abandonment/drilling procedure: Pull P-102 pipe 
: ; : ; and saeen, overdrill hole with 6-1/4-inch I.D. 

... ,,. ,. .·.·.·.· ' .. ~ ..... . . . . - ~ .... 

. ~ " . . . . . 
.......... 

30 -~·:·:·:·: 

hollow stem auger, back fill with be1110nite 
chips. Bentonite was hydrated with potable 
water every 3 lO 4 feet. Move over, drill and 
sample MW-8-26.9 with 3-3/4-inch I.D. 
hollow stem auger and continuous core barrel 
to 27.0 feet. Back pull 3~3/4-inch 1.D. hollow 
sr.em auger and ove,drill to 30 feet with 
6-1/4-inch l.D. hollow stem auger and install 
piezometer. 

CC z: 2<3/J..inch Continuous Co.-e Sampler. We.U a.ncrnbty = 2~Ulc."l. Sch'eduk S ,tairueu 1te::I pipe. with C.010..inch 
!iiot scre..""ri. Rc:fcrcnc:: elev.ation=t0p :,; :-inch $UU'\1C$G nee! cuing. Grounc d.ewicimz-.A6.80 f=~ This 
mon:iwrint ...,dl rep~ pi.~~r ?~i02. 

., EMCON NCl!fh=w"""'1:."'--':no,c.a....---------------------------'T_:4,cOG"'O".-"a'-2 ·c±T.::.• e,DC"'"·ce'LSc0'-'\;_2 ~·~; "."'-'",;;.1;_2 _, 



LOG OF EXPLORATORY BORING 
PROJECT NAME 
LOCATION 
DRILLED BY 
DRILL MEIBOD 
LOGGED BY 

RHONE POULENC 
See Sile Map 
Slaco WeU Seni= 
Cable Tool 
C. Iulnkine 

RE."1ARK.S 

I'.I1iD

LDCIC 

BORING NO. 
PAGE 
RErcRENCE ELEV. 
TOTAL DE.:-1rl 
DA TE COM?LE1ED 

D--05' FILL, dart brown lO blad: sandy fine 
gravel 

05-1.0' F1LL. sandy fine grave.I fill encrnsted 
with .,,, rule rind_ 

MW-8! 
I OF 5 
48.11' 
46.00' 
1/12189 

l.0-L7' FILL, sandy fine graYC! with 10% angular 
roarse graYcl, (crushed rrci) brown gray. 

1.7-3_0' Fil.l.., intennixed 20% coarse and fine 
gravel in silly sand, root and wood debris, 
eopp<r 'wi,e, ~ bricl:, can:s and debris, 
very dad: brown. 

3.0-4_0' FILL. mere debris in sandy silt. very 
dari:: brown, DO gravel 

~ffel5_0' See bg MW-8D for maJer.al description 
(FII.L)-

...... 

I ~ Hand Auger from ~ .0 feet w IO-inch unthread----d c:2.Sing. 

l=lnLermediate-4c.O feet. Telescoped with 12-inch and 

I s.-:::--!:DWARCS/!:.~CON i~DO] .D4-i1.RHDNE: . ..n.::;.cso1eg 



LOG OF EXPLORATORY 80RlNG . ll~ .!iv:, 
/1/'1 \'\1 ' _: C: - ·-· ._,' 

PRO;EC:- N,<.\1E 
LOCATION 
DR.IU.ED BY 
DRJU. /-.1ETH0D 
LOGGED BY 

RRONE POULE:'IC 
5<,, Sit.< Map 
S1.2ro Well Senices 
Cable To-ol 
C. R.:intlne 

18.36' 

_ _.J.. __ _j__ __ __. __ 2l) 

REM..A."<.KS 

ITllC-

LOGlC 

B-ORING NO. 
PAGE 
R..EF'ERE"lCE E..EV. 
TOTAL DEPTH 
DA TE COMP.L.ETSD 

4.0-15.0' Fil..L, c::ntinuo:J from previous page. 

irai- 8I 
: OF 3 
48.il' 
4~.00' 
1112183 

151'-26.0' See 1':,g MW-8D for material description 
(g==Oy ML). 

Ha..d Auge.r from 0-4.0 feet 1=1n=cdiai::-46.0 fe,:t Tele=Jp,d Yi!h !2-ir.ch and 
10-inch unt.lmaded casing. 

) 



LOG OF EXPLORATORY BORING r,. \:' ·1'Y,,, ,Ir_-, 
. 1, 1 /,, ..,, '..I 1 . 

PROJECT N/.J,{E 
LOCATION 
DRll.LED BY 
DRll.L ~{ETBOD 
LOGGED BY 

RHONE POULENC 
See Sile hle p 
Slaco WeU Senices 
Cable Tool 
C.Rlinkine 

U) ""-LL 

25 

"' ...J E'l'A.!1.s 
a. 
:,: 
<I: 
U) 

·' 
·' 
·' 
.' 

.' 

·' 

+ .... 
. , .. 
., .. 

:.i .. 

I'.!'HO

LOCIC 

OLCJIO< 

BCRING NO. 
PAGE 
R.E."ERENCE ELEV. 
TOTAL DEPTH 
DATECOl&'LET""dl 

I.IniOU)('.;IC 

DtscF. ! ?'l" I OIi 

MW- 81 
3 OF 5 
48.11' 
4!i.00' 
Vl1l89 

l 5.G-26.0' SANDY Sll.T, continued from previous 
page. 

26.0-46..0' See Jog MW-llD for mau:rial description 
(&=atly SM). 

~~~~~~~~~~~-· 30~~~~~~=~~~~~~~~~~~~~~~~~~~~~~~~~ 

REMARKS 
Hand Auger from 0-4.0 fe,::L J=lnte:=cdiau:-46.0 f::<>L Tdescopo:l with 12-inch and 
J 0-inch unlhreaded casing. 

70 001. D4 -1 1 . RJ-IONC. J",.,G, :J501 e'il 



PROJECT NAlv'.E 
LOCATION 
DR.fl-LED !3 Y 
DRlLL METIIOD 
LOGGED BY 

~ ..... ---

·····---... 
LOG OF EXPLORATORY BORING tvWv ·vf. -.Ab / 

RHONE POULENC BORING NO. ~fl\'. !1 
S<< Sile Map PAGE 4 OF S 
StaC1> '\Yell Sen1ces REFERENCE ELEY. 48.Il' 
Cable Tool 1DTAL D2PTH 461)0' 
C. Ranklne DATE COMP:...ETED l/U/8:ll 

\ 

., 

35 

.' 

.' 

. ' 

. ' 

u;.0-46.0' SIL IT Sfu'<D, continued from previous 
pag~ . 

.. .,I::·:: 
~--'-~~-'-----'~~40~--'-':~c,;:iE§l;:.c;::l~ .,_.iw.:J_,_J !L' ---~~---~~~--~~--........; 

REMAJU<S 
F.Jmd Auge:r from (LJ.0 fet:L l=In!<!rrneiiae-46.0 fee~ Telescoped with '.1-i.nch and 

l 0-inc.~ unthr-...aded ca,:in g. 



r PROJECT NAJ,{E 
LOCA TJON 
DRil...LED BY 
DRIJ..l ME IT.OD 
LOGGED BY 

-· 

LOG OF EXP LOqATORY BORING /V\W DB /,\L, 
RH01"E POULENC BORNG NO. MW- &I 
See Site Map PAGE 5 OF S 
St..cu Well Sen1ces R.Er'c:KL'ICE ELEV 48 11' 
Cable Tool 1DT AL LEPTH 46.00' 
C. Iunkine DATE COMPLFITD L/12/89 

- ' ., 

·\ 
4\- '. 

. :.1 
~ ~ I :.r 

>-

• 

" 
,. 
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-
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-
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-
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- · . 
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., 
··.· ., 
•, ., 
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... .. 
=: •. 
:.1 
·, 
;/ 

- =. :.= 
I :.: 

_.1_ 
·, 
·' 

:, 
:.,·· .· 

45-·· 
:.: 

50 

' -, 

-

-

-

-
-
-

-

•.· 

·.' 

LI Tli O.L,OC:'l C: 

DE5""'J..!PTI0l!I 

26.0-46.D' SILTY SAND, continued from previous 
page. 

Bot10m oi hole at 4ii.D fea. 

R~MARKS 
Hand Auger from 0-4.0 feet l=Jnte.,ned.iai.e..U:.O feel Tei=ped with 12-inch and 
10-inch umhreaded casing. 

'!4.0Jl.C~-:~.il..'l0t-ll:..T~.050H.9 1 



~CTNAME 
LOCATION 
DRILLED BY 
DRILL MEIBOD 
LOGGED BY 

LOG OF EXPLORATORY BORING _M\\\ C,r) 1tA 
RHONE POULENC 
See Site Map 
Si.aco WtU Ser.ices 
Cable Tool 
C.Rallkloe 

REV..AR.XS 

ITSO

..,.()G:IC 

BORING NO. MW- rn 
PAGE IOF7 
REFi:.RENCE clEV. 4 7.97' 
TOTAL DEPTI! 65.10' 
DATI. COMPL..""TED lf9/89 

LITHOLOC1C 

DESCRIF'1IOY 

G--0.4' Fll.L, GRA YEL and SAND, angular fine 
grave~ dar:l: gray (GP-SW). 

0.4-l.0' Fll..L, ORA VEL and SAND, angular fine 
and coarse gravel, light brown (OW-SW). 

J .0-2.0' Fil..L, GRAVEL and SAND, minor wood 
debris, dark brown (GP-SW). 

2.0-4.5' Fil..L, SANDY SILT, mina coar.;e grave!, 
with wood debris. dad brown (ML). 

--------------
5.0-6.5' Very son ma1e.riaJ-sarnplc:,- returned 

empty. 

Hand Auger from 0-4 .5 feel D:Deep-64.0 feet. SS-WpUt Spo011 "-inch 0.D. 
Telescoped with 6-inch theraded casing ove.-reamed willi 12-inch unlhre:ided casing ard 
bvt1omed with ID-inch unthre.aded casing. 

l..?-.. .:rr-QO\MDS I !21CON _________________________ Ta.;'~""'' '=°':..·ccl lc.c-c,RRc,Oc;:Ne.;C ·c<"'.e:..::c.c·.:'c"c:Dc:.;1';2!_,1 

I 

u1. '\ z--,r/ I I. 



LOG OF EXPLORATORY BORING f<l'f'l'CS..·c,i 

~!..X S.\."1l'Lt 

Jlli<':Ka r..R T TI' t 

S-1 SS-2 

S-2 SS-2 

S-3 SS-2 

S-4 SS-2 

RHOKE POULENC 
See Sile l.tap 
SLaco Well Sen-ices 
Cable Tool 
C.R.an.kioc 

2 = 
18.36' 

C ·---'----'----'----20 

BORLNG NO. 
PAGE 
REFERE"lCE ELEV. 
TOTAL DEPTrl 
DATE COMPl..lol"l:D 

H\V·8D 
1 OF 7 
41 .97' 
65.10' 
L'9/89 

10.0-1 L5' Sawpla re=ed wiih 0.1 foot SANDY 
SILT (FJLL), 00! saved. 

11.5-13.0' SANDY SILT, 80-90% silt, 10-20% 
very line sand, brown, ve:i:y moist, massive, 
very sofi~ sediment, red brown feOX 
and blrl: orpiic grain coloration, root debris 
(ML). 

13.0-13.3' SANDY SILT, as lwmediacely 
above(ML). 

!3.3-13.6' brown SANDY sluny with sheen (I). 

13.6-14.0' SlLTY SAND,40%silt, 60% very fine 
sand, brown, ~p. ma.s:sive, loose, reddish 
FcOX colaratioo oo b!ebs, micaceous (SM). 

14.0-14.5' SILTY SAND, 40% silt, 60% very fine 
n Ji h u, rnoi,1, zifl CSMl. 

15' ~ANDY SILT CONTACT 

18.0-19.5' SANDY SILT, 70-80% sill. 2D-30% 
=-, fine sar,d.light brown and light gray 
brown, damp, coo,pact, will, brow, fine 
i;ravel size hardpan chunl::s, samlier horiwn al 
18.5 foot. 0.2 foot th.icl:. s'Jver sheen oo 
nrlace (ML). 

19.5-21.0' S.'>...'IDY SILT,= follow:i.og page for 

Hand Auger from ()..4.5 feet. D=Deep-64.0 feet. SS-2=Split Sp:,::,n 2-inr...h O.D. 
Telescoped with 6-inch theraded casing Ove:rea.'Tled with 12-i.och !ID:hre;,ded casing and 
bottomed with l 0-inc~ unthreaded casing. 



LOG OF EXPLORATORY BORING tJ\1~ ,lJ~ .8,t I 
PROJECT NAME 
LDCATlON 
DRILLED BY 
DRil..L \{ET!-'iOD 
LOGGED BY 

. v 
RHONE POULENC BORL';G !-10. MW- 8D 

S-5 SS-2 

S-6 SS-2 

SS-2 

S-8 SS-2 

See Site Map PP,GE 3 OF 7 
Sf.aco Well Senices RE.:-~'NCE ELEV. ~7.9i' 
Cable Tool TDTAL DE.PTH ,5.10' 
C. RanJtiM DATE COM?I.Erw 1'9/89 

19.5-21.0' SANDY SILT, 7Cl-ll0% silt, 20-30':lo 
very fine sand, gray brown, moi,t-wet.. 
compoc:t 2nd loose, oil base nJ ver sheen on 

- ~ (ML.1. - - - - - - - -
21.0-22.5' SIL1Y SAND, 30,.40% silt, 6(). 70% 

very fine. sand, gr.,:y brown, w>et, loose, a.t 

222-22.4 feet SANDY SILT zone; 80-9v~ rut, 
10-~ vc.ry fine sand. mi::a=us sand, oil 
based silve. sheen oo surfac:: (SM-ML). 

~~--~~~~~~---- ---
22.5-232' SILTY SA."ID, 30-4()% sill, 6(). 7~ 

very line sand, dadc gray brown, we1.. loose.. 
massive wilb sandy silt hrdpan fine grave! 
,.;ze c~ (SM). 

232-2A.O' SILTY SM'D, 40-50% sill. 50-60% 

very fine sand,gn,y brown, we:, mas:.ivc, 
loose, has oil~ silver s!= 0!1 suriac.e 
(SM). 

24.0-25..5' SILTY SAND,~ silt, 6(). 70% 
very .fine sand, gn,y brown, we:, loose, 
massive, mi~ slight sheen on fine sand 
borlzoo (O.l foot l!licl::J at boClool of run (SM). 

25..5' SMnY SILT/Slln.' SAND CONTACT 

25.5-27 .O' SIL Ti SA >ID, 20-3c"% sill, 40% very 
fine sand, :,o...40'1 fine sand, 1:rown fine sand, 
gray brown very line sand. ~ loose, lllll-SSive. 
red lrown FeCJX blcl,s, oo sb=l, uiic,,c,,ous 

fine sand= (01: foot thici:) in mid=tioo 
of ,:ample (SM). 

~----''----------------~ 
REJv .. ARKS 

® Hand Auge. from 0-4.5 fe:.t. D=De:;p-&l.O ieei:. SS-2:Split Spooo 2-ioc.~ 0.D. 
Telescoped with 6-inch lhe.-aded casing ove.rearned with 12-inc.'i uothreaded cas'.ng and 
bot!Ome<l wit!; !0-inch unm:,:;ade<l cacing. 

'D-K'O>l '!'~001.oi-1:.?~'iOt:t:.Jl-C.C!5-D:n 



LOG OF EXPLORATORY BORING /Vlvv ·t:t,,. /:A 
PROJECT NAM=: 
LOCATION 
DRil.LED BY 
D R.IT..L METI-l OD 
LOGGED BY 

""""'I.I: SAH?LI: 

IO<B!:R 'l'"!Pt 

S-9 SS-2 

RHONE POULENC 
See Sile Map 
St.ico WeU Seniee'! 
Cable Tool 
C. Rankine 

Ii 
(J) 

R;: w 
.J 

0.. 0.. 

~ 
:,: 
(! 
(J) 

REMARKS 

WllL ITHO-

ETA.Il.S LOGIC 

-cWMN 

BO~'""IG NO. MW- 8D 
PAGE 40F7 
REFERENCE El.EV. 47.97' 
TOTALDEYTH 65.lO' 
DA TE COMPI...ETI1) 119189 

L l 1':fOl.,O(; l C 

Dl:.SCR.lP'l'l ON 

30.0-31.5' SIL TY SAND, top half of sampler fine 
s:and dcmin.aJa!, 20% silt. 40% very fine sand, 
40% fine sand, pay brown, wet, loose, 
mi=us(SM). 

/1-1 k/ - \r' - '7' G, 

S<-vr't~: :!,o.8'-7'/,, 

35.0-36.5' SANDY SILT, 70-W% silt. 20-30% 
.very fine sand, brown gray, wet. loose-semi 
compact. massh-e, micac.oous, no she,:n (ML). 

Hand Auger from 0-4.5 feet. D=Dee;,-,.~ .0 f e,:L SS-~S pill Sp:x,o 2-inch 0.D. 
Tel=oped with 6-inch !he."aded casing ovemoamed wirh 12-inch !lD!hr::aded casing and 
bonome.d with l 0-inch unthn:aded C2Sing. 

:-rnOl.0(-:l.AJ'iD1'1!..J"..G.D50199 j 

1 



--.. --~--~-------- --~----------
LOG OF EXPLOFiATORY BOR:~~G 

??.,JfECT N A.1'.{E 
L,.')CA":"J-iN 
DlUl..L? !J Y 
DP!l..L !· , 
LOGGEDEY 

s=u: S»i?Lt 

>OGtR T"!FC 

S·ll SS-1 

S-12 

RHONE POLLS~C 
See Sit, Map. 
St.ace We!l Secvic,s 
Cable Tool 
C. Ral'ltine 

!fg 
ir:$::l '-""" 

45 

~. -- -·" ,; , .:~---
'.c_L °.1 

REMARKS 

WI::.!. 

f:7/1>.:'...S 

·'. 
'. 

.1 :,1 

/j } 
,I :_i 
' . 

I :_i 

I :., 

i .• : ' 

r:n1c-
:t,.CC!(: 

BORING NO. 
PACE 
R.EF::RE.'iCE 
llJT AL D!::. "TH 
DA TE COMPUITED 

l.!'lBO!..XJC 

!) t,S.'.:R.: i'71 r.:111 

--.. --·-~ 40.Q.4 l 5' SANDY SILT, 6C-70'1, sill, 3~ 
very !me sand, brown g::ay, wet, loose, 
massive, mJ~m, no sheen (ML). 

:,ra. rn 
5 Of 7 
4i .97' 
65.10' 
1!9/&9 

-----------------

45.0-45.4' SILTY SA:l'U), 4W> silt, 60'{, very fine 
<=d, bro"'"'1 gray. wet. loose. m.assive, 
m.icaccous, !!Ilg.ht s1'een on surface (SM). 

------------
45.4-46.0' SILT, 10% very fine sand, light 

gray-fight brown y;iy. wet, coo:p.act, grade,:! 
coloration (ML). 

--------------
46.0-4-0.5' SILTY SA.'ID, 20% tll~ 80% very :fine 

.s:md. rrao,, fine .s:,nd, brown gray. IVct., loos::, 
masii-..; mic:,::rous (SM). 

Telescopod wicti 6-inch theraded casing ove::=ed witll 12-incll l'.C'.Jtw'e3ded =ing a.ad 
bouc,rne.::: v.~th 10-ind, unth.re;ided ca:ing. 

-, 

I ~ 
r.;md .A.cger from 0-4.5 f""1. D-,~.O foeL SS·'.2"'5plil SJ'.X'O" :Hoell O.D. 

_-:--"C'.3lf".RI:S'~MCON ···-··-······~ :-itH'.:'J _C,~-::. lUl?,lt:---..,:;.:.l5.Ci!J ...... ) 



/_. 

PRCtE::T NA11E 
:.:X:A":lON 
uR!LLEDBY 
)iUll METHOD 
LOGGED BY 

"""'"" S,X.,1..!: 

~'0-1;BC.R =· 

S-!3 SS-2 

S-!4 SS-2 

LOG OF EXPLORATORY BORING 
RHONE POULE:'iC 
See Site Map 
S:;ico Well Services 
Cable Tool 
C. Rankine 

~ 
• V) "l:l.l, tt :j t:TAll..! ' 

:,. ~ 0.. I 

~~ 'I!:. I 
I (t : 
I tJ) : 

55 

!'!"HO-

LOC'.:C 

BORING NO. :',fW. 80 
PAGE 60F7 
R&'l:RE.NCE ELEV. 4c.9i' 
TOTAL DE?Td 65.10' 
DATE COMPLETED 119189 

LI'IHQt,a:.xc 

1'£.SCR.lPT 1 ON 

50.0.51S SILT'!' SA.Nl), lC-20% silt, 60% very 
fine sand. 20-30% fine sa,-,d, daclc gray, wet. 

loose, massive, m.icaceous, slight sheen at 50.l 
feet (0.1 fOO! thick). in claJk gray SANDY 
Sll.T woe, sample =iing with depth (SM). 

55.0-55.3' SAND, BS at 50.0.51...S fee~ slight 
sllea! (SM). 

55.3-55.6' SANDY SILT, 80% ill~ 20% very fine 
sand, ycllow b-uwn. wet. scmi<0mP3ct, 
massi""' J1:rl brown FeOX blebs 
(ML). 

-+---l' 55.6-.56.l' SA.'IDY SlLT, SO% silt, 20% very fine 

5~ 
.' 

60 

;} 

. ' •. 

sand, fPY bn::,wu, We\. loo,;,: at 

top-=i<:ompaa at bottom. dar:l:ening with 
depth.~ (ML). 

56.1-56.5' SAND, as a! 50.0-51.5' slight sh=i 
iSM}. 

REMARKS 

@ Hand Auger from 0-4.5 fe,::. D=Deep-64.0 feet. SS-:!=Splli Spooo 2-inch O.D. 

I 
Tel=oped wit:i &-inch L~e::-aced c:ssing ov=med wi~ !2-ioch TIDIDn:aded casing and 
bouomed wiu, lO-inch uncl-.""'3dod casing. 

I 

'~"c..--=·"·-,_·-=~"'D""'"""'-'''"'S"-/C.~-==·'----·-------------------------'''°'=oc1_0<1-:J_._RHOHt..7""!..C,050189 ) 
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LOG OF EXPLORATORY BORING 
PROJECT NAME 
LOCATION 
DRILLED BY 
DRILL METI-lOD 
LOGGED BY 

S-15 SS-2 

S-16 SS-2 

J 

RH01''E POULENC 
See Site Map 
Si.aco Wen Services 
Cable Tool 
C.R=kint 

Ii R;:I~ 
0.. a. 

~ 
:,:: 
<I 
rJ) 

WE:I.L 

C'IAII.5 

• 

• 

+ 
+ --.~ ..... ·++ ... + ... + 

65 

•••• •••• •••• ...... 

REMARKS 

ITJIO-

LOClC 

BORING NO. 
PAGE 
REFERENCE ELEV. 
TOT AL DEP'T}l 
DATECOMPklED 

L:i:THOt..XlC 

D E.S0.1 P'! 1 ON 

MW-8D 
7 OF 7 
47.97' 
65.10' 
ll9/8~ 

60.0-61.5' CEMENTED GR.A VEL in clay miill'U, 
equal portions of coar;e sand to fine gr.i veJ 
comprising 15% of total sample, moderately 
plastic, clays are multi-colored; tan, yellow, 
light to darl:: brown, green, flesh, beige, 
damp-slightly moist, massive very compaa. no 
mica. sheen formed when clay touches wau:r, 
gravel we,,thaed BASAI,T(O..). 

62.5' CEMENrED GRA ASALT 

. 632-63.5' BASALT GR.A YEL and SAND, size 
·range fine sand to fine gravel, wea!here,l 
scori.aceous angular chips and grains (RX) . 

·aollom of bole a! 65.1 feet. 

P.and Auger from (}.4.5 fe::L D=D<ep-64.0 ie::t. SS-2=Splil Spocm 2-inch O.D. 
Telescoped with 6-inch ~ =ing ovare.amed with 12-incn unl.hn:ad.e<l =ing and 
bollomed with JO-inch unihreaded =ing. 

T~ 001. 0~ -1:. R.HONT .• ,.,-u; _ CSO ~89 

I 



"' E 
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- s 

8 
.J 
g ., 

·O :s 
~ SOIL DESCRIPTION ;: .. j q 

a: "' "' :, 

j ' GM M~dium dense, medium brown, fin~ SIL 1Y SANDY CRUSHED 
ROCK (FlLL) \vrlh rootlet;; .motsL 

I
. :·1 S? Loose, lightbro\'m,fine1Dvery~ne, poorlyg7~dedd"re-dge __ _ 

. SANO (FILL) , 1lomo.geneou$, m1e~coo1r.>: rno,st to.wet (perched 
. . !turface ware, lnfiltmlion) 

! 

. SP· Loose to medium dense. v.;M:gate-d/m.oltled d~Hk biow.n grading 
SM to d:Jrk bl:iel( (;,,t 3 .0 feolbf;s}. mix1fdSILT (F1U ) in line,·foundry 

SAND (FILL) with ocpasic,nal angular. gravel, red firo b<ick 
fr:;gments., used slag debris. ond QC~$lOl'r.li wood fr.igmonb. 

·I 

Medium stiff, llghtb1own w.lh obvo motti!ng, non-pkistic SILT 
(FILL) with trace very fine sand; moist 

Ml Gmdcs to Ughib(own SILT wi1h iron.oxide monllng below 7 .S 
faet bgs. NATIVE SOIL 

sM loose, light brown, fine to very lina SANOY StL T with tii'in silty 
s.lnd lonscs.; wt'.l t, 

Grad~ IO>~l1Jratod st 13.5 feet bgs 

Ml· M<>dium stiff, Ji9h1 brown. sllghUy plastic CLAYEY Sil T, 
CL micaceous, iiaco vory fin4 s~nd; wet. 

SM I Medium stiff, light brown, fine to v.afY«no strTY SANO, 
· . homogoneo~: satur:i.tod. 

w 
.J .. 
"' ~ 

BORING METHOD: Direct Pu·sh ELEVATION REFERENCE'.; Cstyof POX O:,Wm 

~ 
~ BOREHOLE DIAMETER..:. 1,75 (In) GR01JNO SURFACE ELEVATION.: ,1SAS re111 

~ 

COHTRACTOR: Geo-TeGh Explorations/Ryan 

DRILL RIG: OT Geoptobe w/1 .75 1,1:,cro S3mpler ;;: 

~ SiART CARDITA.G 10: NIA 

I 
~ 

w-
.J" ~e so 
0~ 
> a: 

0.0 

0.2 

-0.3 

o.s 

05 

a: 
J!! 
"' 15 z 
:, 
0 
a: 

"' 

.~ 

'v 

"''"' 

0 
w z 
~ -..J 

"'"' gffi 
.: I-"~ 

REMARKS; 

0 ,-w 
NAPL DESCRIPTION ::I~ 

~W ..J 
<n;IL 
Soll 

NEGi 

Upon compleffon or,011 .sampllng.alid monitoring for NAPL 
ptesenc;.a In groundwater, tlie borehole w.1$ abandoned using 11 
high yield bentonitc grout slurry and pressute g10Ulil'lg 
mc:ithod. 

~ LOGGED BY: S . B.ourcy. H. R. DRlU.ING OATES: 121312003 · 12/4/2003 :;:1.:::.::=..:.::..:::..:::::::2::~::__------====-=:.:.:.=..:.::.:::::::;_:=.::::::.::... _ _ __,JL.._ _ _____ ____ _ _ _ _____ .., 

P AMEC Ean.h & Environmental, lne. 
~ RP-Portland SltelNA PL Evaluafion 7376 sWOurham Road 
2; Portland, O"'l)on 
t uumm ame& LOG OF BORING 

NB-1 
~ 0-61M-10703~ T33 Tel +1 (503) 639-3400 
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SOIL DESCRIPTION 

-.u. --... -·llo;Nlyplos:,cM. 
F 1'.ICIIAftCldlfyWWfY ... UM l'NN\flD .... 

~ a.iht i.own h •-, llno. _.,, .,_.i IIN-lr1'r Sll. T 
to IL TV SANO, mlclctoUI .Ml ... 

lOOM ~ """'"""'"· n,,; "'VOi)' " ... ;;..,.; ...-a1i. i'Y 8,fJ\ID 
ID INta'f SILT mlClltoau• .. llJ1•·1iN1 

SM - LooM Lo mld1"'9'1.,.. ...... .,._"fl. ti,- to ttor, fiM 
po4tly !lllldtd Sil TY IMID ,-_,., .,, ....... , 
...... tod 

SM-w.;.u.1 - -- ----------------

SM -Meda,a ....... ....... tnwn. f,n,e to fflNi\11'11 • ....,.,..,..0.0 
SILTY &AHO. · "'°"' '° .... 

01 

0.5 

0.5 

~ 0.5 

j 
! j--~-JU.C_:...._D_Dv_ect_,-_------ILllt--A-tlOII--IIEl'-EIIE--Nc:£:-·-ci.,--.,----_ _...__,._;;:;::,.:;K;-;a;-''-----------------i 
( U,on c:ompleONI If ... Aalfllal _. -,.,,ng hM NA.fl'\. 
i 80fllHOLa CMAMSTUl IJI Ont -.oul!ID IUllFAC& ILIVA 110k 4 .• llill ,c.1•~ kl I*',.,...• ......... wn aN11d°"" VMII • 
i ..... ye.6' ...,._. f'OUI....,. _. ,._._,n• .,owt,ng 
0 ONU.IUO, OTO J -W'11IU.,•..,... ....... 

€ CONTIU.CTO!lc Goo-f _ _...,.,, ST ... TCAROnAO D ... 

" ! LOOOaD BY! S locaRy. M. 11. 

'I 

ORJLUHO DATU ,.,._ • t"Mt11G:1 

7'71SWDurhaffl-
! Po"_o_ 

LOG OF BORING 
NB·1 

AMl!C b"n J --m 1 .... lnC. amecO 
USA1n2• i 0-61M•1070WT3l Toi • \('°3)13S)- ,AOa 20F 4 r,1._ _ ____________ i..:.:,n::...·...:•.::<503:::;>i..:nG-nn:.::::..:::.:.... _____________ ;.._ ___ _ ___ ..., 
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SOIL DESCRJl'T!Ofl 

&M -..,,,,., dfflN. CIUllirM DrNn. mldun. CIQiCatf 1C101!G SI.TY - "" 
SAf0. -- Lowlf'fflall&a ~ 

SM OoNO "'VOl'f-. ..,.gray,,... ~9'odta&1.'l'V 
SNQ. hO-ciitnteut.~ 
- .. --Qco,o,dt••--.:ao.a10-
IIOI 

O.n11 to very d6nsa oat\ gray. int. pooety-a,aoea S4. TY 
SANO. hDmogttnMU. 

SI\NO will> 1!1! 

~I 
i ~I ,.; 

I I 

01 

-

a.a 

-
~ 

§ 

~ a.a ~ 

1 
~ 

-

I I 

Samp10-dis~urbed, llner wedgod 1n co,e barre.1-N:cs IO hammer i - 01 , out aad 

! 0 
!l/ ,. 51 ~ "',I NAPL DESCRIPTION 

I ~~ ,,~ ~~ " 

I 

IIEG 

' I I 
il - ~ r,. ~SP- V,,,y .r.-. modlum QIOy. fono •• .i,;.ondod. -~y gtodo<l I • 
c •u GP GRAVEU V SANO, ba~lt gr=ivolG (IO 112~rneh dlllmator). H ~/H,o-J~!.L::___:::.:;:::;::.;_.::.:======--::.:..::.::.:..==:.::...--i.-.l:>'ll-,-;RDMRll&;;;;:~;:-'-------------1 
.. BORING p,,EnfOO: Ofrect Push ELEVATION RErEREHC&; cny of flD-X O.tum 

i BOftEHOLE OlAMETElt 1,75 (1n) GROUNO SURFACE ELEVATION ASAI fff1 .. i OR.ILl RIG! OT GeoprotMe w!1.7!i r.~e:ro S:trnp1•r 

~ CONTRACTOR: Geo-Ted, E~lor.atfons/Ryun START CA"OITAO ID: NIA 

UPOft ODie JI ILOM _, ............... ....._.,. W AA,l. 
fMM~tftt,~10Mbet........... .... 
high ~Id ~t'Old • ...,.,, ................... -

~~===eo=":':':s.=-=""'=· H.=R.======D=R=ILL~l:N:Q:O:A:Te:S:::':ll/1=12:00:i:·:':'IJ:•:noo::i=============;::========::; 
~ AMEC Eorlh S envlronmont•t. Inc. 
$l RP-Porlland SltelNAPL Evaluation 7376 SW Dufham Rood e Po,Uund, Orogon 
t_< USA 0722• ame~ LOG OF BORING 

NB-1 
.: ~lM-10703-0 TI3 TOI +1 (503) S39-3d00 
~L--------------L..:.~.:.••::..:.•1:_(~50.:.3:::>.:G.:.20:..·:.78:;9;.:2 ______________ ..... ___ P;../l/;;_E_s_o_F_• __ .., 



J 

10-

-
-
-

~ - 711-
t-
~ 
0 

~ • • 9 

i -
" 
;: 

SOIL DESCRIPTION 

01 
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NAPL DESCRIPTION 

·NOTE_ Bo;o.-:,otJG-lnd>choe 
c;.;n.ng Mt a 59.D feet bgs;; ==-~ 
saanlui ,geel 'ft.I mr,:; ~~ "°'" 59 S,6)5 ...... 
~p awaMID~ 
..-n,g1;1...., .. """'""-°' 
_.... .. , .. .PL 
On l2,;,l,Q3 Ql!i1ia ~ mf!'C;'."~ 

.,.. med 11:11 RXIIDiiar b •~m 
powidl.a!a:r 

NA.PL :.....-., 0: odor wa:v ~ - .. -

~ - I 
" ~ 1-BO~RJ-NO _ ____ o, ___ Dl_r_oc:_1_,-.. -h------EL-IV-.-,,-O-N_R_E_F_E_RE_N_C_li_: _c_n_yot_P_OLX_D_•_hl_m.!...-I-R=EMA==-=.::-K;:sJ.: - -..l.-------------1 
< Upon umpl•Uon or sail samp0"9 ancl monnonnig ICM KA,1.. !° BOREHOLE ClAP5TER~ t. 75 jlo) OftOUND &URFAC& &lE.VATlO~: '5,U f•qt presont'.6 In gtoundwate,, lhe boftf'IOI• WH 1blln4CNM4 tn"'I • 
E. hiQn yl•ld bontonlta grout <1l1Jrry and prtrnure t'°"'tnil 
e- DRfLl RIO· OT G.oproce wM.15 M:lc:fo $Ampl•t method. 
a 
0 2 CCHTRACTOft:! Ge.Tedi Eaplorall.Qns/Ry:an &TAAT CAI\DITJ\0 ID! NIA ,. 
~~UJO(i=='°=av=: :s.: a:°":::'<'1=· ... = ... ======":":'L;U:11:0:D:A:T::U::':'::2/::ll:2::00:3:·:'::2/:·::'2:00::)=============;:========:::: 
j AMEC Earth & Et1vlranmentel. Inc. 

ame& ;, RP-Portland Site/NA PL Evalu•ijon 7378 SW Durham Rood 
~ Ponland, Oregon 
E =~W 

LOG OF BORING 
NB-1 

~ D~M-1D7D3.0 T33 Tel •1 (603) 6311,3400 
~ .__ ______________ ...__F_ •• _._,_(:_l!0_3.;.)_s_20_._1a_._2 ______________ ...... ___ PA_G_E_•_o_F_• __ .., 
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E fj ~ SOIL DESCRIPTION ~ 

' I B t - 0 ..... ,.,..,.....,.,,...+-,,,..,.--,,,...,---,--,...,...--,-...,,.....,,~~~~~-~-J_-
M~ Modlum Iliff, brown, • lightly pla•lic SILT (Fl~) wtth lr.t@cliy 

ond traco Gand, roundod to angulnr bas.alt groVCII clastl (lo 
112·1rich c:llamo~r. < 5%), occaolonal o,g:inlc:: througbout, PVC 
pj~ dobrht Ir+ upper root; dry. 

I 

...! 

I 

-5-

-

J 
J 

i'!-151 
~ 
5 ~ 
C, 

I 
-

i -
i 
~ 

: . . f--sM -!-Stil'I', btownwilhorango mcdng.~SticSANOY Sflf -
{ALL), micscecus; moist. 

0..090 mom.lg 01 18.S loot~ 

-

-

., -2'C>-_-""'-'-- ----------------------

' 

': 

: SOfUNO METHO~ CJ.fact P.U 

I ao1tJIHOLI DCAI.CfER: 1.7$ ()nJ 

el..6VA TI.OH REFERENCE; City or POX O.!.lum 

GFlOUHD SURFACE ELEVATION: 46.20 CH.l 

I OfUU "Mii: OT o.optobil wn.75 l,\XJO Sampler I CONTRACTOR: G,,to.Ttdt bJ!kinlions.ntyan START CARCfTI\G ID· NIA 

i LOGGED IY: S. •ou1qt ORlLUHG DATES. 1MM.004 • ,nonoo• 

i AMEC Earth & EnvfronmenU>I. Inc. 
!;: RP..Ponland Slte/NAPL EvaluaUon 7376 SW Ourtiam Road 
! ~~-0~~ 
,; USA 97224 

04 

04 

0.4 

NAPL DESCRIPTION 

I 

11£0 

I 
REMARKS; 

Upon completfOn af ~oU ump!tng ano monitoring fot HA.PL 
p,es,nee ln g.roundw.it e.r. the borohol11 !,0.-;tS :ab:lndoned using 11 
liiGh yiold benlonlle grout sJurry and pressure groutlrig 
method. 

ame& LOG OF BORING 
NB-10 

~ 0-61M-10703.0 T33 Toi +1 (503) 639-3400 
i'iL ___________ ____ i..;.F..:.•..:.•_•..:.1..:.!50:..:..:3:..l ..:.62::0..:.·7..:.8..:.9..:.2 _______________ _._ _ __ P_A_G_E_1_o_F_ 4 __ -
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~ .. SOIL DESCRIPTION 

B 
Ml 61'1f browo, lllghliy plul,c: SILT wiOh 1111 .. clay: mo15L 

Gro•o• co wot ~om 23 25-24.0 , .. , bgL 

Ml, Mod1um i.Uft. brown, flnt , sllgh#y plastic SILT. WGL 

Bocorno, Gatuttno-d 0130.0 fa.t bgs. 

cl Stln."'brovfn. modoratoly pllltllc S1L iv cl.Av, mlcocoou•; rnol:cL 

ML - So/,.bii,v,o~&lfQhcl{ola.ilc Sill', lr.lcoclay: ..,iii,iiioii - - - -

&11- loooo:brown, Rno, poorly grodod SIL lY SANO, mlcaGQous; 
o.aluratod 

CH Browo. hl_ghly plar:t,c SIL lY CLAY: mol.t 

SM MoC11um dona,, txown. fine, p,oorty grlildCld SANO 't\0l°ih O(lt 

-,,,..,..._;"di, .!$11.U:~,N:!D.la!!twal•!l.-- - - - __ J SM .£1U..T.!Jxtr..ll.}7~..9 l!Wlg•- _ ______ ___ _, 
LooH, l)(Own. flno, l)OOrly gnadod SIL TY SAND. mlcDcoous; 
urur:noa 

~ .. 
!l .. 

i-<110-..,_, _____________________ _ 

~ BOIUNO Ml:'l'HOO! ~ rKt PMSh n.EVA11DH REJ:'ER£NC&! City of POX Datum 

i DO!lEHOLe CNA.~: , .,, (tn) QROUHO SUAFACE Q.EVATlON.: .. , .:o feet 

l OA.IU. JUO! OTO*Oprooewt, .1, P..~o~mp!tr 

; CONTRAC"IOlll G_.T.Ch Ea.plOf'adonMRyat1 STARTCAROITAG LD1 WA 
'; ! LOGGm av: s. aou,cy DRIWNG OATES: \119'2004. fl2Qi'200,4 

I RP-Ponnnd Slto/NAPL Evaluadon 
AMEC E-anh & Environmenflll. Inc. 
7176 SW Durham Road 

!. 

i 
g, 

Po,Uond, Orogon 
USA97224 

0-41M-10703-0 T33 Tel +1 (503) 639-3400 
Fu +1 (503) 820-71192 

f 
50 .. --' !i1 ,:_ 

50 
o:i 
""' 

0.4 

0.5 

0.5 

0.7 

! 0 .. 
< z 

;i 6 ... -' 
ii!< NAPL DESCRIPTION ;;: :iii; ::, <w_. 

0 6~ 
::,.,._ .. ~!l~ " 

NEG 

REJ.'IA.Rf<S: 

Upon completion or 'S-011 s.ampri.ng and moni:or1ng for HA.FL 
p,eunce In groundwater. the bQrcholo w.ss e..b3ndoned using a 
ttlQb yleld bl!ntonfte grout slurry .and ptassu,111 g:rouong. 
...U,od. 

ame& LOG OF BORING 
NB-10 

PAGE 20F • 
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SOIL Dl!SCAll'TIOH ; i 

SM Loo,e °'""" 11rw. """"'gro-$IL TY W uani.d .-
-. 

-

ML siJff, llghlbrown, modtmltly pl°'uc CLAYEY SILT, mo,1~ 
·sM LooM: fino, poorl\. gmdod Ell Tl' SAND. mlcocoou,: WOL 

ML Stiff, blown, modualely pl:ns!lc:; motli to wet 

IM Modlum arlf'I aJlgh,iy plo11le,i.A'NOv SILTwich tnic.• cl.1y, wet 
ML IAodlum oU( brown monlod coik 0"4 ligh!tl<Own ,lino illgt,lly -

~ pLntlc S1LT wrd, nee cJ11y and""' und, w11 
~Hl&-.lr',/-1-,.M LooM-:\town tint, poorly graded Su ... TY iANo~ m..caceoUY- -

11111wr.11ot1 

Ii ; 
Ml oio• mo'iii,ng ~11ioly to alii!hlly pb-CLAYEY SILT 

damp 

£M - c5o,. b10wt1 - io ~ ... wo'l-sr><fod i1L1YSAN0- - - • 
, GP-- Ai,gijlor i ~t.oundecl. pOOII\I IOMd ..... ~ GRA\/EL dalll _/11>_ 
• G.~ \ G..ncf'I ct.am,etei) ,ru1nc:1 ma!nlf {201'). w.ce e.tt. wei. 

2 
ii .. 

~ IOltDIO -D· 0.roct P-

1 80REHOL.S IXAl.li'T5" t 71 (lnJ 

61AVA TIDN ltD'lllNCL City ol POX Dolum 

011.0W.0 8UA1ACI! ELEVA TIOH:. 4t.20 rMt 

t DIIJU.IIIO CIT-ot.wl ,.tAocto
A COlffltACTOR -Ttr<ll ..,..._.,..,.. ltAlll CAAMAG Cl- NIA 

I .: 
l:!lo 
Fz 
:521 
0~ :,,a: 

07 

o.e 

09 

ID 

"' a ... ... 
< z 
~ ..... 

"'< z "' it :, 
~le! i !< z 

0 o _ 

Rnwtl<S. 

>Iii 
:lit <,. _, 
=> • L 
!:G)< 
::.o z: 

NEG 

NAl'L DESCRIPTION 

• NOTE. 8ottomcf3.D-1nchdl'lV8 
c.,~m,g GC1'11550 (e,et bgs; tamporary 
$t8Wtss ""' wed pcintscreened 
rrom 56.5-60..5 toc.t b9S 
IJl~wed groundwato1 to =abitizo 
owm,ght priorto cronilon:ng for 
pre-se.nce of NA.PL 
On 1t2ol04 mama purni:lfflO me.toods 
were used io monitor tot HA.PL in 
grourwiw3:tsr 

ttAPt... ~no, oder were not. 
b:ier.ffied in grouodw:tc:r 

Upon c~ d soil U:MpUng llftO ~ tor WAP"'
pnsenc:e In grou,l'ldwdter, lM: taonbole •.is atba.,dooOed U5.:lng a •io•,._.. __ • ....., .... .......,.v,~ -

• , 1.;L:DG::;G:;m::,:l:;V_:l :_-=::<Y:!.. ___ ___ _:~:::=::..:OA:.:,;.1',::l;;_t/1:.:,;.""°"':::.:..:.';,;';;""';;;.;""°'.:..:.---..l-------------- -----_.J 

RP.Porttand SIWNAPL EvalliaUon 

" 

AMEC Eanh & Env1mnm•11.1l Inc. 
7371 sw oum ... Road 
Ponlallcl. o._ 
USAt7224 ame& LOG OF BORING 

NB-10 
;, 0-41M-10703.0 T33 Tel •I ~3)13t~ 
l L ------------- J..:.'.: .. =-· ':..:(::50::3:!.l .::•20:.:..;-1.:•:.:z:..... ____________ -lC.....--P-AG_ e_,_o_F_ 4 _ __, 
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SOIL DESCRIPTION 

Tomi dep1h = 60,~ reet bgs due to ,ctu$ul m competent basalt 
bodro,ek. 

~ .. 
~ 
"' 

! BORING METHOD: Direct Pu~h 

i BOREHOLE OIAN£t'ER: 1.75 (In) 

ELEVATION REFER.ENCE; City of PO:( 03tum 

GROUNQ SURFACE ELEVAnON: 46.20 feet 

& 
l 
~ 

ORIU. RIG; OT Ge-o,probe W/1..76 M3cto Sampler 

CONTRACTOR: Gtto-T&ch Exploratlon-s/RY31-n START CARD/TAG ID. N(A 

i LOGGED BY; $., Bo1.1t<=y ORILUNG OATES: 1/t9l2004 .1not200<! 

~. AMEC Earth & Environmental, Inc. 
~ RP- Portland S!te/NAPL Evaluation 7376 SW Du"1•"1 Road 
~ Portland, Oregon 
.., USA97224 

E g 
~" i=z :s i5 
o;;l 
>0: 

~ 0 w 

" z 
>fil ;,: ltl ;J 

~ ~ffi _J NAPL DESCRIPTION ff~ :, 

~ "~ ~;a.. 
~ 

" 0- So~ 

' I ' NEG 

I 
REMARKS: 

Upon eompfeuon or sou sa.rnpUng .and monitoring for NAP~ 
presence in groundwater, tho boroholo W3S ~bandone<tusmg .a 
high yield bentonue grout s1uny and prt1S1n.110 grouting 
method, 

ame& LOG OF BORING 
NB-10 

~ O-<i1 M-10703-0 T33 Tel •1 (503) 639-3400 
~ l_ _______________ L.'..F::••:.:_• 1~ (5::0.:3)'..6::2::0~-7~8::9;;.2 _______________ ..,_ ___ P_A_G_E_ 4 _0_F_4 __ _, 
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w_. -A!!. -19,ogny...il,-.,...-....,.. -
CL .,._.,..._.. ~ID-ly ....... ct.A'l'EY IC.T 

ID st.TY QAY (Al.LI. -
\ GU [)rms;e. cwt twvtm. madum ID coarw. -""~ fO ,r,guii, 

r.iL-' SllJl..~•l>l.!iflts~Ll.l - _ - - .,. ______ .., 
a. l6ocWM ~ ~neh gray.,.......,. -.'Id won.,41 ar4 

ffllnpMH J1 ,de ......,., loMgtmy .. .nodtta&a't --
CL\ YEY Slt.1 10 SA. TY ClAY moal 10 .,.l 

sr.a. Madlumd i;ht1P>Y•bmwn. lrw10......;lno SAHOYRT- -l ML _ __,,._.....,,.,.., 

~ ct SILT to SILTYCLAY, weL 
t ll..

1 
Meda,m still, til1hl bnnm all;!,iy IO moo.n;i,; pliobo CLJIY~Y 

~ sil Co-, .i;t,, b<o..,,, 11n, poo11y &"'de,f lli[ 1Y 6AND- - - - -
c mll:IICOOutl, AbK&tbd 

01 

NlO 

01 

"~ 

OI 

a'. Mild pi,eno'-ila odor tom 116-234 INI Ilg, 

"1-~o-.W.---------------------""---r::=::-=.~..r.....---- - ---
~ BORING METHOD! DirKI ftlil'Sh EL&V-.TION "~NCI City OIi f'OX 01tuM t\lJM.MII 

I aa,u:woLEDWJJ!TER! t.7S fln> OROUNDaURfAQIIUV"'TIOH t nu , .. , .. 
g;: DR1U RIG: OT Geoprobe wt1.71 Macro 511m~•r 

s §: CONTRACTOR1 ~Tech Ea.plOfllUon.ntyain IT,.I\T C.A,-OfTAIJ ID1 NIA 

U,on cor,\fN.,I.,, fllf nit u mplin1 e.nd mo.nJlotlnQ lot H.A!tL 
, , .. • nee In g round MW. tr11 Ntthol• w.• 1banoooec1 u,&na • 
hlgtl )!Htld 1Mnt0ftlt1 11ou1 tli"'1 •M p1 ... , u,1 grouting ........ 

" 
~~LO=G=G=ED=B=':':s:. =-=··=v========o:~:'LIJ;:NG=D=·=TU=':':":':":200=·=·=·:v:,onoo==·============;::========~ 
P AMEC Eanh I Envlronm.nt• a, Inc:. g RP-Portland Site/NA PL Evaluation 7'7f SW 01J1h1m Ro1d 
~ Po rtland. Otago n amecO LOG OF BORING 

NB-11 
~ USAt7224 
~ 0~1M-10703.0T33 T•l •1(503) U9-3400 PAOe 10, J 
~L --------------l.:.F;:n:...;.• 1;_1::'°:;'::l..:1.:20:..·.:..711:::2 ______________ .... ________ ...J 



! ! f s~"DEscR1PTIO" wj j '~ ~s 
I I i - .. i ,1 I !I ii~ NAPI. DESORIPTION 

Hi),..L.::;.i..-i,s,,,;.,...t.----------------l-__:: 

J 

a.. _ ...,_lgtc _ ll;g-hiJi, pqs& SILT, m,cactout , IJllco 

e-:.- ~'11!.~r:t !!!'t.H."'L VI.. - r . - -; - - - - • .,., - -- r.- .,..,.gn,y, llnt lo 'lel'f lltw. poc,,,Tgmiod SILTY ""IIIO, ---i.d. 
Sl!ong-odor 

1,11. - -. ...... 1g1,1......., ..,..,,pb;l<SILT $coauo,clay _.., ... -..... , 
w - i:-1o--.lgl,I an>r, k "°"f Qtlldocl £/LTV -~aD.••• u •, t au.-, •U.lld. 

-·-·~··-'"""2' 1<3081oub;s 

a.w_ ~ ,...,._ lllid. ligl>.-:_., ~QAYEYSllT- _ 
u~ ~.ne1111.!Pl.------- -_:..:.,--., ___ IQlllg,r- ..... _ ... _..g.-1 

U.lV8NC. hOP=l•raa111" 1 -~ 

Uoape,>ION_,. --306-47 0-og, 

~ 
' 4,o-..l..!.- --------------- ---
2i BORfNG METHOD! Dirtct P-ush 

~ z BOREHOLE DIAMETER: 1,7511n. 

ELEV.A llOH REfEtElfCS! CilJ ol NlX Dlillaal' 

G.ROUMD SURFACE El.EVAlJOM: J1 .ZI fftll 

8: DRJU RIG: OT Geoprobe \Wl.75 /.bao Sllmptff 

~ 
COHTAA.CTOR! Goo,.Tech El.plondlonslRy.an START CA.A.afTAG ID H1A 

! LOGGED 8Y: S. S.o.urcy Dftlll!HG DATES: 12117'200) • 1.zrtllJDOJ 

3.D 

NEG 

Q.J 

OJ 

AS,&>..'IICS. - .. -....... -............ _ 
.......... 2 ......... .,. ... ,...... ...... ....,,.... __ ......, ___ ,,_ -
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SOlL DESCRIPTION 

• .I SM --~ : 

-

-

- -·---- - - - - - - ----------------ML_ M~ium stiff, ligh.t gray-brown. slightly pl;)stic Sil T wiih some 
S~1 .,. £!.a.Y..~d..YWll.Tl!.-~ll4..t£C.h _ ----- _ _____ -1 · 

Mcxfium donso to dense, light g.ray, line. poorty gradod SILTI 
SAND, homogeneous, mieacoous: sarur.itod. 

ML Stiff, flgh1 brown with iron-oxide mol:iflng, sll;htly to moderately 
plastic CLAYEY SILT; mo$L 

3 SM 

J 

ModilJm den.so to dons&, light gra_y, fine, poorly grndod S!L TY 
SAND, homogeneous, mlcaceous: satur:>tocl, 

- ,, : - ' ------------------------

~
~ I,,, CF' V!ary dense, gr.1y, me<l1um to coarse. slJbrounded to angular, 

o u1 SANDY GRAVEL (1(4 to 2.0-lnch diameter) in uppet 0.75 faot 
0 C;' of so.ii core grading to C00:1'$0. ang~lar GRAVEL; saturated. 

I O C Gravel consists of b3satt. i D°. Moderate to-stron; phonoJ.liko odor n0ted below 47.0 faet bgs. 

_p Ci 
la~ 
'•()j 

- :io Oj 
~O q 
'•()J u "'L_ - -------------,--- -- - -------Extre.mely weathered to decomposed, fri:lbJe baSS.lrexhlblts 

-

-· 

-

-

l 

1elic texture (vosic!o-s pr~selVod}, vesieular basa!twltll_green, 
reddish {oxidizeo) S1'd light orah_ge a lteration JO smecdtQ cbys· 
and coarse t,asalt sands; moi-s.twi!h ,ome wet zone~ ~!on-g 
fractu res and very brok<mlstiottoftd ~$aJL horizons (53.4-54.3 
fe-01 bgs). This :Zope exhibits phenol-like odor. Odor dec;reases 
with depth in weathered ba1salt (soi l-like prcperties) 

Total depth= 55.0 feel bgs due.to cehrsal in oom.pet~nt basalt 
ucdrock. 
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~ BORING METHOD: Dlroet Push 

i BOREHO~E otM,'eTER.: 1.75 {in) 

ELEVATION R.EFERENCE: City of POX Datum 

GROUND SURFACE El..EVATION: 37.23 ree-t 

ii, 0 ORI.LL RIG: OT Geoprobe. w/1.75 Macro Sampler 

~ CONTRACTOR: Geo-.Tec-h E.xplorations/R;r.an START CARD/TAG 1.0; NIA 

< 
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!:Jc, 
Fl'f s~ ow 
>Ir 
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REMARKS: 
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NEG t 

NAPL DESCRIPTION 

• NOTE. Bottom of J .0-lnch drive 
casing set at 50.0 feet bgs; temporal)' 
stainless steel w ell point.screened 
ftom 51 .0-55.0 feat bg$, 
Allowed groundwater to stabiTize 
ovornfgh-Lprfor to monitoring tor 
Pfesence of NAPL 
On 12119103 inortl., puml)(ng 
methOO::; were u~d to nionhor fot 
NAPl In groundwater. 

NAPt. was not identified: howcvof. 
grounctw~ner exhibited e strong odor 
and iridescent she,en, 

Upon e,ompcletion of soil sampring :ind mon1torlng tor NAP~ 
presena- in 91oundW'..1(er, the borenole was abandoned U$1.ng.a 
high yield bentonite grout slu,ry and prHS•.U~ g1outlng 
mOth.od. 
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~ RP-Portland Site/NA PL Evaluation 7376 ·sW Durham Road 
~ Portland, Oregon 

USA 97224 ame& LOG OF BORING 
NB-11 
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SOil. DESCIIIPTJON 

°""""· me<fium b darlc - ... - mottling, lino .. 
memum.0091a,SLlYSANOYCRUSHc:OROCK(AU.jwilll 
somo day. rnuw,, brdl-rra~ org:e:nies and rood&b-(uppe, 
llSbl bg;l; m..ls; 

Grada-s to jght to r..odun gray. nee to s-.ome oqµIIQ ot 3.75 
... ,t,g, 

NL- flediumsfi!ftos1ill,.medh#ng1o,aii!sh~yw:lh brown and 
CL ln;<HJnde maliling. ~ ro -ly _p1.r,tie CtA VEY Sil. T 

(AL!.) lo SR. TY CtAY (AU)- ..... ver; b ,..,., and ---nlc,. mobt 

Loose .. med"rum gray, medium to coaf58-Stl. TY ClAYEY SANO 
(FIUI W1b, ftne, ...,.ngui., to •ngu~ g,ovel; ..-,.a. 

ML- MedJum s:iff, gtffnish gray wilh bfown eno tl'Gn-oXMto mot:Ung.. 
ct ,;l,gl'dly .. moocrateJy pbOUc Cl.A YEY Sll T to SIL T1' CLAY 

(NATIVE L.A.CUSl'RiNE OEPOSfTS), mb ceous.. trnca very 
l'ina s.1nd, tr.lea otganic:i; moi:'il 

GradH IO Ilg.hf orangbh btown 111 14..6 to111 bgs~ 

Ml Medium stiff, motde-d gray to gmenlsh brown, noniJlastlc ID 
~llghliy pl""1Jc: SJLT, mlcocoouo. >o:n4 ,-or; flno """"· woo 
eloy: molsa to wol 

E ~ 0 

It m., ~e jf ~ :!i .. ji., ., 
I .. ;~ ~ "' -8~ .. 0 "- :,, -

NAPL DESCRIPTION 
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;;H10--'-,.,_,--'------------------------'---,-,=~"="=-'----------------t 
~ BORING METHOD: Oht!i:t Pui h ELEVATION A.EFERENCS.t City 01,ox Datum IUUMRKS~ 

f BOREHOLE DIAMETER: .,..15.(ln} GROUND SURFACE ELEVATION: 37,418 tec,1 

~ 
0 o ~ u RIG: OT oeoprobe. w11_75 Macro Sample.r ,., 
0 
~ CONTRACTOR! Geo.Tedi &ploratJon.s.rRynn START CAR.DITAO ID: NIA, 

Upon completion ot sojl sampllnv ond monltotino to, NAI-L 
p,ennc.e In g1oundw;ih1t1 lllo bOroholt Wtll ab.ondon•d u,lnv o 
hloh yteld bentonJl.1 01out 11uny i nd 111u11l11• prouuno 
mtthod, 
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ML 
S.'\I - ........ mo&.;; ll"IY ~no • Vtl')' flno poorly gr,d•d SIL TY - -

SNIO,o SNC/ .,LT to.....,.,_ !IOrSOll). t>omooonoou1. 
mc:ac90IZl.: srllur.llWO 
~'lid phi--noltd '"1m 20 '4-31• r..1 bg1 

a.i:-- iiodiia _-,;..;.. jj.'y,......_ ~vfvsilfwii - -
lW _, .... ...., .... SAHDY SU. -(lncloyoy dlj"' ..,..,.lad 

.. ll'lG)'ale) 

·s.. LMM, ilgt1I v>Y lno. _., gro4H U. TY~ 
t U FJ~UI.-NV*d 
~ plw1 01-.. odlw 

&.ll.·T n,.,. (3 0-,, _.,_ IQlll - li,iii,iy""""" CLAYEY Sil T. 
I Cl; ' 1!1111l.lll!ll1JQJ~!.O!ttJ.tal\..~..N!'----- ..,

IIM- G<adiiolD--. 1¢1gray . ... lo.wy ... SA.'<OY 

I I.IL Sll.T.- ... ----

&M-1.oooolO- - . ~- -- -1,~SI.TY SA1«>. hM=oar1: 111 m rcn i..o.wetlD-,MW.ed No ·--
-------- ---- - --- . --- --- -, Cl- l.lodolffl siil.llJIC~ !li;bll)' i,mx CI.AY:Y SI.T; ~ 

• l,'J.,"' S'!!'..;,J.. ~~.!!DJ:!@~!!! 11:. ... _~_ - - - - - - - .I 
SM i.oo .. .,..........,..._,ilgla;r.,y h . pood)'i,ado<ISL,Y 

s.sn:l, ...,..,__ ~ ,., ap;o!El!.-. 
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NAPL Of:SCRIPTION 

NEG 

i 
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l l--a•OC>AJM_JGL.Ll,'ETHL_O_D:_ Dln<t __ P_USll ______ a.el/ __ A_TIC_ H_R&ER.El,CE: _ ____ CIIJ __ <11_1'DX __ °"-"...J. __ -.,IIBM==RQ~C-; -'---------------; 

£ .... ce.o ... ._,,. _. AffllPillll lM fflDftMOtlftiO I« u,L 
~ BOREHOLE DtAt.E'ER! 1.75 (in) GROUND SURFACE a.EVA.llON.. J7M '81 ,....._. .. p I Maf

4 
... ~--eoe,.._Mld Winge 

a q OIUll RIG: OT Geoprooe wtt.15 "'t!oo ~ 

~ COHT.:BACTOR: ~Tech E.aplomionsiR).m STARTCARO'fAG ID: ...... 

! lOGGa> SY: S. Sourcy 
0 

RP-Portland S1121NAPL Evaluation 

D.s1 M-10703.{) T33 

AMEC Eal\11 & EmriroorMOUI. Inc:. 
7378 SW Durham Road 
Poltlarul. Oregon 
USAIT224 
Tel • 1 (503)63-
Fu •1 (503) Sl0-7892 

____ wny_, ..... ..,.._,.,, -
ame~ LOG OF BORING 
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SOIL DESCRJPTION 

i.-•-- l;tll- ._,,~SllTY 
SN«> t ' &. ~ No IAlll'M OdOt 

__ .. __ IQIJ(- ... --$1,t,O 
.... •...-C. 

--v.;-.,..".'"-------.:.-1t7 - .,; - • 
daccime dDUaa. .. ,....-: ... ,...,.,,..,0 wo 
\illhldnJ,fflltMtwa .... , ; "Nt. ....._..._,.,, 

-trogl,I-IA.'Cl'tQ.AY -

~Db/CUUR PPrn?IM tee! ftSl:l""PAI 
TOWCIOpa, • 5501001 cg, GuO ID - VIOi _i __ .. --

01 

07 
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NAPL 01;$CRlPTION 

tl[O 

• ·NOTc. -ol3°""1clldrlvl 

I - NI II ,0 0 IHI bgS IOfflllOtaty ------510-650-t,gs 
--IOIDbollH ~-·-""'"" : _.,,__ 
Onllillll03--

;) ,......_Vied.,..,,.. .. 
tllAPI..' u ., •• , 

- I.AP\.._er _ _.. ... - .......,.,,.,._4 • .., 
l 

K " ;,o-l.-L--------------------i--.,a_-------------1 
c;j SORING Mentoo: Olrecl P1.11h ELEVAtlON ttEFElt.lNCS.. Qty af l"o. Glllllfn ~ 

~ u,. ---- ..... -< BOR&HOL&OlAt.lliTP: 1,7i(ln} GROUNDSU"1ACIB.IVA110N 11M-.« ,.,....... f J ........ ._ .... ~ ____ ...., ___ _ 
0 CRILL RIG: OT Gtop1obt wrt,76 h•cro Slmptt, ...... 

I COHTRACTOR O.o,.Toch eap101o'donslft}'lh a'TAltTCAIUW'TAO U) NIA 

J LOOGED IY: s. 8 ou1cy DAIUINO DATI.I: 12'11~• ,2r1e,icm 

LOG OF BORING 
NB-12 

i AMEC E,u1h & Envtronmantol, lne & 
~ RP.Pordand Slte.lNAPL Evoluotlon 7378 SW Ou1hom Rood ame 
B Po~lond, Oro;on 
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SOU. OESCR!F'TlO>j 

Dltwe1 fNCklfft • dork bfo•n ffltdium to coaf'M llk),d 
........ Sl.'IY lW.ioY CRUSHED ROCK (l'IU.) ond 
..-....,ode.RAVEL IPilL~ -al glo"y 1>4on..,g, 
- -dobno ........ -· (l.ppo105 loOI) 

04. ,,_ Iliff NUloct g1•y.g1oen, •lighlty ploll>< Sil T oiilL 
-dly --mino•dsubfo-agrw"111i;>10. 
.. ,--.. 1);-

GIJ-OW,,-.~-.-IO .. arN-INCfGRAVfL- -
(flUJ wnh some $.Ill. motst. 
F.,.i,,o111em,~kl odo, - -ll -Dgo 

NAPL OESCRIF'TION 

NEQ 

---------- ---------&!' LooM.-.m g1ay,lno1omodium,PoO,iy g..-SANO 
F11J,Jwente h ID medium. rounotd.,_,... ,_. 

cu""~--- . ----- .,-. 
• Donoo . .... -. .............. ,.. .... bioUlldOdSAJDf 

1 Ol ,.1,.. 

g 
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SL 1'Y GAAY!L IFlU. GIIAVl'.L IO 1 s..nch diomewi -- -
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CL Q.AYEY a.T l,f1U)"' SILTY a.AY lflU.I- -

C mansiad roor.ets aid ra::e fine sutnundld ...... )0 

- 111. ~'=~:::=-:~:.:~.: 
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SOIL DESCRIPTION 
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NAPL DESCRIPTION 
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SOI. DESCllll'TIOH 

T-""'F>• •171Mt191-•-,neoo ___ _ -
-

J 

~ BORlNG l.a!lli0D< DUK1 , .. h 

( BOREHOU! DIM£ral\: 1.n (In) .. 
IUIVATION ftlil'~&HCII: City of POX o .. um 

Ol'IOUNO SU"l'AC! IL.IVATION: e?".03 IHl 

a:. DRLU. RIG; OT 01K1p1obe Wl1.U Mac,o S..1r1pl11 i CONTRACTOR: Ge.o-T.c.h e:>.~loratlon.l/flyan START CAADITAO ID· NIA 

! LOGGED BY: I . B,nm;y DfULUNO DAT8St 1'2/Z2J2003 • 1~ 

RP-Portland Slle/NAPL E~11u1don 
AMEC earth a Envhonm11ntal, Ina, 
7376 SW Otnham AaNd 
Ponland. Ortgon 
USA 97224 

0~1M·10703.0 T33 Tel +1 (803) 189•3400 
, •• •1 (ll03) 620-7882 

A~~KS: 

Upon c:am;pl1Uon of •GIi ••mp.Ung •nd monitoring rot HAl'L 
presene• rn groundwater, th• borehole WH abandoned u,lng a 
h!Oh )'itld .,.,,uonlto g1out 11utry and prauur• grouting 
rneu,oo, 

ame& LOG OF BORING 
NB-13 

PAGE 40F, 
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!i l'ortland. o,_. 
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--~ SU L.009C. medMa ~ .... wcy .. ..;., graded Sl..TY - -
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Mid gbeja;I fib odof ti.A no SMen ID~ 
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ELEVATION R.EFEREUC'S.; City cd PO.X Oatu:m 

OROUH0$URFACEELEVATION: 37.711,--

CONTRACTOR: ~Ti!Ch E.cplora6ons1Ryan START CARDn'AG 10. NJA 

! lOGGED BY: 5. Bour-cy DRIWNG DATES: 1V181'2003 • t2i1Sl200l 

a AMEC Eanh & Envlronmenlill. Inc. 
~ RP-Portlond Sltl>INAPL EvaluaUon 7378 SW OUmam Road 
:!. Portland, Oregon 

USA 97224 

11 

I 

R:EIMRK:5! 

HAP\. OESCRIPTIOH 

' IEG 

I i:ii;,a-.-..... -
- _,1,3 ... ..,_,.ft 

l;;,';;'~:9~=-~,, ~ 

NEG 

Upoo completion ot sol umplJng and n,o.nllorlng tot NAl"L. 
P,-.rH.JK• in ffOUnd~, the bofehd• WU abandotlff nJng 0 
tqh y;etd tN!:nlaofte grout Muny and ptHsur·e gtoutjng ...,,. .... 

ame~ LOG OF BORING 
NB-14 

i 0~1M·10703.0 T33 Toi H (503) 539-3400 
i L _______________ !.--F;.u;.•_1,;_;;150~3):..62..:.;0_-7;_8_S.;.2 _______________ _._ ___ P_A_G_e_2_o_F_ 3 __ _ 
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SOIL DESCRIPTION 

SM Ool'lK, l'9~t b,...,,. fine to mo<IJum, poorly srade<I SIL lY 
SAND. moi,t. 

1M1cllum dense u, am11 gray ta right brow!\, !\no to medlu.mi 
poorly gradOd SANO, homogonoou,;~ ~Milted. No appatonl 
odor5, ltlinlng. or ~on nocod. 

-1-',..,._w~..L~IJ..h~,.JIIQ!llJ\'llia.9£.CM:\'~ .§l!J ..rnEJ•l. ___ _ 
SM Oonse~ gr:iy1 fine to modlum, pooifiit11dod SILTY SANO. 

f'Omogonoout. Ati.muod 

~ CL I Vorydff, reodl>h brown, modorololy plos,lc SILTY ~Y: 
~ moist 

GM Vary dense, red-brOWf', coarw, a.ngulor. SANDY b3-5,all 
GRAVEL. s.aturw10.d 

1f'1Ct10,na1y w•olno1od to dtoomposed, lriab!a. ro:.iduol vesicular 
b.:i1al1; mall! 

Total r:lopth• 51 0 foo1 ti;s du1 lo rorusal lncompolant basall 
bOdrocl< 

.. .. 
0. 

~ .. 
i ! ~ 

~;;- s: 
0 

I=;!; :z: 
50 ::, 

g~ i 
0 

10 

1.0 

0 

"' :: 
>&I =~ -'> a> ;fffi..J ii ~~~ "- 5oz 

NEG 

NAPL DESCRIPTION 

• NOTE: Bottom of 3·.~1nch drive 
easing sqt :it 48 0 feet bgs; 1emporory 
$!.lfnlett.$ s.?eel well point sere-ened 
from 47.0.51.0 loot t,go, 
AUowod groundwafar to stabuize 
ovornlghtiuior to mon!l'Oting for 
presence of NAPL 
On 12119/03 inertia pumplng 
methods were use.d ta monifor for 
NAPL in groundwatec.. 

NAPL was not ldontlff6d; howttv~r, 
groundwater ~xhlbited a strung odcir_ 

! ~;O,..:L..-..J._..J. ______________________ .L_+-,.RJ!MA--RK--S-:-----------------1 
~ IORINO Mlil'HOD.: Oltect ftu.ih ELEVATION REFE.RE)lC~ City ol POX Dalum 

i 80REH0UiD1AM&TER: 1,7S tlnJ G"-OUNOSURFACEELEVATION: 37.28fffl 

I_ ORJLI.. fU<J: OT Ci1tOpioN wn.n J1IICJ'O Slmple1 

§ C:Ot'TRACfOR: Ooo-11fC'l1 E.Jplofation5'ft)'lln STAAT CA.RD/TAG ID: K!A ,. J LOGGED 11: S. Bo..rcy DIUWHO OATES: 11118/200!• 12119.J200J 

2 AMEC Earth & Environmonlal, Inc.. 
~ RP.Poruand Slll!/NAPL Evaluation 7378 SW Our!11m Road 
! Portland, Oregon 
,t USA 97224 

Upon complElion of ~oil u:mpnng and moM.oring for HAPL 
prflStne• 1J"I. grau,-dwate,, the bo1-ehole was a.b.:lndcJned U'Slng a 
h,;h yield bentoni1• grout $furry :snd pressure grouting -
ame& LOG OF BORING 

NB-14 
! 0-41M-10703-4T33 Toi +1 (503)639-3400 
~ Fu •11503) 5l0-7S9Z PAGE 3 OF 3 ,;,l_. _________ .....i..:..::...:..:...:::::::.:::...:.:::.:.... ____ _____ __,, ______ .., 
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SOIL DESCRIPTION 

Medium sbff..brownSANOY SIL 1 (FTU) with Ir.lee founded and 
subrouodr,d ,gr.1vol, somo bric)( Cf.obris; wet·to· me isl 

Graded ,o stiff ot 1.0-2.0 fcet bgs. 

ML Medium .stiff, bro,vn, mcx:icrately pla-:..1J:c. SILT (Fill) with trace -, ...... ++>-·-r ... 
sand; wet 

ML+ S tif., brown SILT (FIL.l)wtth trsce fine fa m~d1um $3nd, brick 
debris; moist, 

-J'"'·,...,..,'"'S'i:1 Modlu';;; t.11/f. brown SANDY SILT (FILCi: wol 

_[ • ~ SM - StlF., darkbrown SANDY SILT (rlll} with trace fin1= to medium, 

-1 • - ML -~~t~£r~f.~t!"J.rkii,.'y,T.mlno1.;acc.:vevsiLr --, 
_ (ALL} with scat'uHed 5berous Organics and gla.ss debris~ moist-

I ML Medlum stilf, gray, moderatoly plask ClAYEY S ILT; wel 

f-,O-

Grades to stiff, becomes m ois.t a t 10.5 feet bgs. 
- 11 

-

-

! H IS-+i_

1

~. r ,- S' '°M I Medium den~ . _gray, fir.a, poorly graded SILTY SAND: wet 

5 . . .1 Slieen to soil/warar .... _ 
0 ML Medium stiff. gray aod1igbt brown SILT with somo d ay: moist. 

;.,: .-SM--Modiuiii stiff: rn°od!uiii g°m'ywith- b°ro\W\ 81\d f~M)xfde" fflOtttiAg, -
- • ML fine to very fine SANDY SILT wffil ~me , lily; wolto !i.il urJfcd~ 

!! 
~ 

~ 
~ - -~---- - ----- --- -----------ML Medium stiff, gray SILT~ wet 

-
f;l 
~ 

SM - - Med tum dM$0, f:l(~Y SfL TY SANO; moist. 

e a: 

!l: I:' 
"' ~i .5 

j ;a z .. 
~ i o:5 

"' >0: " 

0.1 

-

0.2 

-

O.t 

10 

0 w 
z 
tti cl 
!:i> .. ~ 
S:z "'-

0 
>UJ NAPL DESCRIPTION :I~ 
:3w..-1 
~;~ 
>OZ 

NEG 

Light brown, round to subrouod blebs 
-4 m m diamehH), < 5% 

POS issemin.:itcd lntot5Utbtly lhroughout 

NEG 

14.0-15.0 reet bgs. Al$.O, NAt?L 
'!lmearing on rnside of sample liner. 

pas ~ e ~ight brown, round blob (2 mm 
~ meter} observed al 18.D fc\lt bgs 

NEG i l·> <1 -2•0-:!.' .LLJ. _ __JL..._ ___ _ _________________ __Jc__....1.-J'--- i--:=:'--:LL,-'--- --'------ ----------1 
Gj BORI.NG MEl'HOO: Direct P'ush ELEVATION R.EFERENCE: City. of POXD.ltum REMARKS: 

f BORE.HOLEOIAM:ETER: 1,75{1n) 
Upon comP.tetJon of soil s,1111pfin9 :tnd monitoring foe NAPL 

GROUND SURFACE EL.E'VATiON: 32.17 foot presenc.e In groundw.'tter, the bore.hole w.:is ab"ndonod uSing a 
high yiefd bentonite g,ou1 $lurry and pressu1e grouting 
method. lie 

0 DRILL RIG:: OT Ge-oprobe w/1,7$ M::u::i o S~mpll:I 

~ CONTRACTOR.: Geo-Tech Exptor.itlon;;!Ry.m STARTCAR.DITAG ID~ WA 

_a\ · ,.:LOGG:.::::E:D:..:•:.Y:..::~S.:·:.:•::o::u::•.:•Y~ ________ o:.R;.:.:IL;.:U::N:.G;.:.:D_A_TE_s_,_, n_s_12_004 __ . _11_,_•12_004 ____ __,_ _ _________________ ___ ~ 
i -,------------.------------:----------,---- - ----, ~ AMEC E.arth & EnvlronmontaJ. Inc. & 
:'.: RP-Portland Slti!/NAPL Evaluation 7376 SW Dumam Road ame !-: 
6 Portland, Oregon 

USA97224 

LOG OF BORING 
NB-15 

i 0-61 M-10703.0 T33 Tai +1 {503) 639-3400 
il:L ______________ L.;.Fa::x:..•:.1~(::,5D:;3;!.) .:62::D:.·7:..:8:.:9.:2 ______________ __._ ___ PA_G_E __ 1_o_F_3 __ J 



j g g 
!; ll ~ SOIL DESCRIPTION 

t I ~ 
~- 0 g 

1-2_ ~ I I_ _ 

• ·• -. SM Loose, brown, lino SANO with ~me slit; -:.a tu rated. 

- ., 
'. 

- j 

·1 

T 
I, 

I 
' 

-2J · 
~ T sM, Loo$C! :o medfum d¢ns¢. brown, fino. Pootly graded SIL TY i. . . SAND~ mlcncoous: s:atur..tod. 

~ 
~ - - -
J- . • J SM Medium ~en~ , brown. vory fine. poorly _g.r:tdod SIL TY SANO: 

! · ·I saturateo. 

* • ---SM -Loose to nwdlumdense, brown, poorly gradt:d SILTY SANO: 

~ . -1 satumt.ed, 

~ . ---1 sM - Medium densa. brown. fine, poorly graded SlLTY SAND, 
~~- •• mTcacoour.;sall.lrated. 

1-: 
i'. 

i 
!· -: 

-,. 

J I 
l I 

__ J -Ml_. -SUfJ, brown. sltghttypl:'.lstic:Cl.AYEYSlLT; moi!sL - - - - -

l. - SM · - Mccf!um del'l$C. brown, fine. poorl•1 graded SIL TY SANO; -
~ >-J~ - · _· J sahJralsd. 

6 
0 -

i ·1 
ii! -

';" : . ------- ------------------.. ·· 1 SM Medium dCl'l$C to dense. brown . fine to medium, poorfy graded 
SILTY SAND; s.aturated. 

-a: : ~ -_ J_ ________ ____ ____ _ _____ _ _ 

~ "' C I!:' w 
8: I z 

0 w- ffi _. >-w NAPL DESCRIPTION !:I 
_,c, a:< :j~ .:~ z uii; .. ::so :, §w-' 

i 0 ;~ oia "' 
.,gi .. .. "a: " "- So~ 

0.4 

- NEG 

0.5 

-

o.s 

C> 11 ML Stilt Ughl brown, slightly plasiic SILT with trace clay; moist. d ~4.l)-~LJ.JLlJ...:C::....___::::::..::,,::..:::.:.::.:::..:::,e:::!...C=::..::::.:...c.::....::..:::..:====---'--.L-'--+-:="'"=c;,,,~- --'-------- --- -----1 
- REMARKS: ~ SORING WETHOO: Direct P-ush ELEVATION REFERENCE: City of POX 0:th.l.m 

) 

~ 
" 

BOREHOLE OlAME7ER: 1 ,76 (1n) GROUND SURFACE ELEVATION; 32.17 re-et 

il: 

i 
~ 

DRILL RIG: Di Ge<iprobe wtt.15 Mac.ro Sampler 

CONTRACTOR! Geo-Tech Explorations/Ry.en STA~T CARD/TAG ID: NIA 

Upon complotion or soil S,!i:mpl!og and monitorin9 ro, NAPL 
pruence In groundwater;the bofehole v..1$ obandoned using a 
high yltld be.ntonlle grout !II.I.my a.nd pres.sure grouting 
method. 

... LOGGED BY: S. aourey ORIUlNG OATES: 1115/2'004 • 1116/200.4 i 1.::::::::.::..:.:..~-=~'....__ _____ __;;;;;;::.;.:.::.:.:.::::..::..:.=:.:..:.....::.==.:---.L..------------ ------' 
& AMEC Earth & Enviro nmental1 Irie. 
~ RP-Portland Slte/NAPL Evaluation 7376 SW Durham Road 
~ Portlilnd, O regon 
'ft_ USA97224 ame& LOG OF BORING 

NB-15 
~ 0-31M-10703-0 T33 Tel +1 (503) 639-3400 
&L _______________ J...:.F.:•::• ::•::1.::(50=3:...l .:.62.:.0:...·7:..:8:.:9.:2 _______________ ...1. ___ P_1>1_G_e_ 2_o_F_3 __ _, 
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6 o i E • SOL OESCfllPTION 

§ ! g 
I ....!_•'J.. _ ~l;nl-llightly~SLT-a-cloy~ 
r at.I M101:a ~ . ORltM\ SILTY SIJoE: nDIII a, Wl't. - -

....,,...._ML T Slll'.lgtc--Jyp«.,.licQAYEYSLTc.- --

-lo irGP- ao-.t,n,,m,~.-ng,,larlllld~SAHDY -
• i• c;,, GAA\/El.""11,oxe.._a=uioh-(:,O-SDSI . .-,, 
~ e; ........ 111'""'(313-415) ... ftO'll) . ..-..--.. ( 
• 3 

I Total doplh • 483- Ilg> duo lo ~final.,_ bosol 
- bedrodf 
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NAPL DESCRIPTION 

• NCJIE Bo torn or , .o.lncn dn\le 
cai.ng Mt ac • 1 o , .. , bil; iomPQJarv 
llllnt01it .:..) wt.II po4nl K fO Ont-d 
~om~-OINl bg, 
All_,, __ , lo subll,zo 
o-.m!ilht ptior IO -""O to, 
"'"°"'"°'HAPL On 111e.~ lnootio--
...,. used ta mon.ltor fbf HAPL. In .,_.,., 
kl.Pl. thNn o, odor w.re not _ .. _ .. , 

' ~k<>----------------------- ---.....l.--+::...,..=:,R::K::5::,,- ---------------j 
.._ &OIIUHOMnMC>D: Olrec.thrtft aEVATIDN~C:I!: CttyGl,oao.tum 
t Upon compleHo.1 ot' soli R.mPDng and n1011ttortng tor KAJl'L ! e.cNIIHOUI OlA,M'l'lllt 1 .11 M GROU.ND IUIIIACE ELEVATION~ u.1, IMJ: pr-nan~ In oro1mdWU.J1 C. ~hol• WH 1banOOMII USl"I • 
l tugh ylald IM.ntonrm grout slurry•M P,HJiure grollbni 

0 OM.1. lltD O'f o,a proot wt J1 Miao~ ...tnoc1. 

t COlffllAClOR: -Todt ll(plo, - STAlff Cl-MD/TAG ID: K'A 

j UJCMIUI eT· a. 9-Ry OM.UNC OATI.$ l "lr.l!ID&4 - ,11Ct100J 

f All£(; ~ & EnYitonmfflt.11, Inc. 
{ RP-Portland 81ta/NAPL Enhutlon m& SWDurn.1111 Road 
il Poniar,d. a_.. 
· USA91Z2• i O.alM-10703-4 T33 T.i •1(5a3)63S-3400 

Z, FU • 1 (50l) 6211-7WS2 

ame~ LOG OF BORING 
NB-15 

PAOE aoF 3 
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SOIL DESCRIPTION 

Mod-Alffl ... brown &NC)V Sit.' lt-1LL) with trlJec g~ffl end 
acotta*' oq;a.l'IICa . .,.._ 

Vtry stlf b,.,.,,, SILTY CRAVEl. ll'llil: oome bricl<dobi1>, - -
moist 

i 6M-Modlum ;,ff, brown6AIOI SILTP"ii.4.woL -- - - -- -
.... ~ ----------------- -------

"" Very atltf, b,:cwn SJL T (FIJ..) *Ch~ disseminatod lino 
-' gra¥'0b 

~ GP -Ve,y,:tiff ~Sl.TYGRl<VEl.(FIU), ctlllhoo, bl1clo --.;u• botte,ycaling11nd~debns 

1-to_l ct. S1J11. ;raywlt11bl1ttll!WlDnSa.AY ..-

I ~ ~- ------
- SIS!,gpy SILT, ... IIOIO<l-- wet. - -- - - -

1 ... 

-

Medlumsbl! -SILT. ICUOtOdof5:'ll=,"°1. 

- ......... ,e.o.18$1fflbg& 

G12dual change, from gray lo brawn. 

!-~-------------------- --

-
i 

I 

-~ 
~ 

-

i! IORIHG&&lltOO: !lnct?usti ELEVATIOHRG£JIEHCI.. CnyofPDX0111um 

~ DOREMOU:DWEm<: 1J5(1AI GROUND SURFAC5 Q.SVATICH Jt "feet 

& DRILL1U~ DTCa p '*''llllf1 -71M11eroS..mplt1 

I CONTRACTOR· G+o-Tedt n•atloMJRvan START CARDrTAO IO au 

0.S 

12 

II 

NAPL OESCRIPTION 

i 

.... 
"""' 

I I 
1;eo 

I 
I 

• 
u,-c:..-,sle• ., MIi umpflng and ma1111onng tor~ 
p, ... na..... . .. bofthOlt WH •ba.ndoned ..... 
hlgtt ~ ...... 9*,Adl,uTy and prHtUrt g10U1ln9 
fl'ltlhod. 

i 1..L:;O:;O:;G:ED:::.,:l:.;Y~:_:l:_:l°'"::;.<Y:;!;.• :L_:G:_ ____ ...:;O::;Rl:;W:=;;N::G_:D;;.A:;TU;:.:._':.":.:il2004=:.:..;_·_•::.11:.:"::,-:::.;_ __ ..J,. __________________ --.J 

LOG OF BORJNG 
NB-16 

~ AM~C Earth a EnvllOfl....,,U~ Inc. cO 
~ RP-Portland Silo/NA PL Evalu•don 7S71 SW Durtuun Road ame ~ 
15 Ponlartd. Oregon 

USA97124 I O-t1 M-10703-4 Tll Toi • • {Sl3) 639.:MOO PAGE 1 OF s &L _______ ______ L:.F::u:.+1:...:..!(503= !:}62G-::::::78S=:2:_ ____________ _. ________ ..J 
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SOIL OESCRlPTION 

I 
-5'4,-wllhgr,,ymoamCI.AYEY SA 

_,..... 
sand;....,t 

2 

su--.,,--11noSANDYs-.T .. - -----1 

&>A ---.vo,ylnoSII.TYSA•-O:n-. -

~ 
" ;I 

I 
ii 

' I • 

I $~- SAIOfS11.Tbyontl3-0too<l,g..---------

g'f, ciwo"'.'i..:-.• ra iLrt5A1«>:-;.;...;.;., -,.._ - - -

~ r slllf~~si'C~--------------

s~ -ow.71>70:n'.1.io i 1MsNi>;'I,.£:- - -: ..,.. - - - - -1 

t i IOfllHOUOIAt,lliTEII: 1.nflll,) OAOUNOIURf"Cl!B.EVATW)H 2.1 dfNt 
a 
.__ Dfll.L IUG; DT GMp,obe Wi1.11 M:icto s.n.., r CON~ 0-,.Tkft bplorauon.nt,M ITQTCAROITAQ ID! HIA 

i I..OOG.£.Q 11'' & hurcy, L 0.. 0"1UJNO DATU! 11\"2004 • 111.m,o.a 

g AMEC Eallll l En•lronmonta1. Inc. 
I; RP-Portlond Slt•INAPl EvaJuadon U76 SW Duoham 11""'1 
fl Portland. Or.gon 
j USA'7ll• 

11 

l Ir if ... ,:~ i i 0 0-

NAl'I. DESCRIPTION 

N!O 

-DMIJl!CS: 

"'*' o,· •01i1 IUTWll1"0 .... " tAt ...... t«Atl.. 
fNettllllU•fl l.atw,t.ebol'MOI•.._. .,.... 
htg.n 1'1111......,.. 9'otn: IUlft'Y •nll p1nl411ff ..... ........ 

ame& LOG OF BORING 
NB-16 

' O.eH,\.1117D3~ T33 Tai •1 (II01)6ll-3400 P,L _____________ _ILP:..;u:::.,;•:.,:1.,!(:;II0::3::_16:;20-::::::7::n::2:::.... _____________ --1. __ .;.l'_A..;;G..;;E_2_0F __ , __ _, 
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>-.. SOIL DESCRIPTION 

8 .. 
: 

Slal O=~~ ba:lffl. b Sll TY SANO.~us; mo:l.tt. 

Bemmes s:irtntod al.t0.5 mot bgs.. 

ML - Stiff. btownwi:h reddish liiown la"*"'lic>M SILT WIil ira«, - -
•nd; gral!e &om nwst to satutowd 

., ~ Gl,l1 Det1S<>. DIO'lffil0graySIL1YSANlYGRAva. .. - --
' 

fotil dt,;B, ~ 49.8 rocn i:,gi Guo to refvs&I In =mpetlinJ batiltt -
bedrock. 

j .. 
~ 

I ~ 
11 I !~ Q >; 0: 

" 
@_ 

I 

1.3 

' 

ii ~ i 
I I 

NEG 

11/APl.. DESCRIPTION 

• NOTE: Bottom of 3.0.in.ch drive
casl11g set at 45.0 faet bg.s: tcmp¢mry 
ot:!..fnless si!MI well polnt ,e1oonod 
from 45.~9.6 i&et bgs. 
Allowed gtDUndwa1e1 to stabilize 
ovo1n$ght prior to moni!ori.ng for 
P,H6~fe 6f NAPL 
On 1!1&04 inertia pumping moihods 
were used to monltot for NAPL In 
;rouncf'M!!l~r 

No sbccn ot NAPL was ide.nlffied in 
ground.wa".ar. howeRt groun,dwznc-r 
·-• mild hydrocarbo..Uke O<br 

~k-----------------------------t---K------------------1 
tii BORING METHOD: Dt'rect Push ELEVATION REFERENCE~ City of POX 0.\tum RE1MR S! 

it Upon completlon Qf aolt nmpUng and mol'Uloring to, HAPL 
~ BOREHoLE DIAIEEt: 1.75 (fnJ GROUN.D SURFACE El.EVATION! 31,65 fee.I prose nu In grouncrw:a .. ,. m. borehoi. WH alNndonH U!i'"O a 

! DAIU.. RIG: OT G-coprobe: wt1.1S M3cro Sampler 

-.,~ : CO.H'TRACTOR.: Geo-fe,ch &ploratfom!Ryan START CARMAG 10 ! NIA 

! LOGGm 9Y: S.. S:OIXCy, LG. DRILLING DATES: 1i1Sl2004 • 1116/200,C 

f RP-Portland Slte/NAPL Evatuadoo 
AMEC Earth & Envlronmental, Inc. 
7376 SW Durham Road 

ft 
C Portland, Oregon 
,t USA 97224 
'i 0-61M-10703.0 T3J Tel +1 (503) 639-3400 
!I. Fa +1 (503) 820-7892 
"' 

hfgh yteld bo.ntonh• g1ou1 •ll.1rry and prnsut• groU"Dno 
11\Clthod. 

ame~ LOG OF BORING 
NB-16 

PAGE 30F 3 
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SOIL OESCRJPTIO'I 

i r: 
R ~ 

0 SANOV GIL i &oPIN C,D-mcn ..,.,, .. fOOltl:tl 

14.-.d (FILL) con-at r9d lrdc ..__ (IIPl)Or loo1) 
r.nedum .,_ IIO de11M. medit.nl: a ..... angtlbr IO 
-GRAVELCAU)WIO...,._...,,_ ... llll< 
mola 

l___ ---- --~--- --
1 

Ml• Orod11 lo mteliwn s:,__,_1'. g,wy«own wOf'MD.lde,...... 
6M ••ghUv SANDY SILT (fllU .... lh<o (< 10'll) ~ "'"""" 

114 I Q.,11<11 d.amottll lh<O••- (-tl). ,_ .. ~ 
... 1 .., 

Modlum otltt, g11v, ftot, llo0'1111 c,1a,dc SANDY SI. T ,~LLJ
Uwct (• 101») 1ubln;lill, It~ 9'11vol and D1geM11 ,,.. .... , ..... , 

• OP - Ooooo, bto<l. co.tno ID lino, ongul•I SN<OY GMVfl. \flll -
"" •C,• W'l1h occHIOl'lll ,oundild grqiwl (boCOm O 25 fDeQ. carmt. 

fl•"'- r.lodNm 111", moa,um gray me 5/<MOY ,11. T (fli.4 _., - --{ 
11 

ML IUbn>ulldodgravol (to 1 o.ndl-lDfl. °""""'wet 

aOAll<OUI - I l'W l••l 

l~IIVATION --,ca, C:lly of ~Dl -

OflOUNO •U"-'AC:.. &aVAn::>H :sLt2 fNt 

OAJU.ltlll OTO ; ...... . ?t t.-cto......., 

DRIWHCJ OATb.. 111ll200i- 1nal2111M 

I m 0 
~ 

l 
z 

js !I ~-" NAPI. 0ESCRIPT10H 
3 !i 0 >11 "' ,, "' 0 0-

I I 
ll 

,,,1. 

I I 

NEO 

1.5 

.. 

- · u,.- ce ,.. Ion ot ..a ...,....,. ..,.. moaROl'ift'.9 for PU-ft. 
,,....a -~ ... .., ...... ...s abandoned USRII • 
_,__...,. , , .. ,y-.......... ...... -

.----==...:-=--------~----------------------,-----------
AMEC £mll & Enwvrmtfflt.aL Inc. ame& , ~d SllelNAPL E•ah,atloo 717' SWO..tbonl Road 

! Ponlln4. Ooegon 
l USAt7224 

LOG OF BORING 
NB-17 

1 0~1 M•1070J~ TU Toi •1(503)S3Sl4DO 
l \.......,.....,..= .,....----------'t,.:F•:,:•:,;•:.,:1~(50::,:3::_) :'20::;:·1:;:112::, ______________ .J... _ _;,P.;.A;.:12~.;.I ;.:Ol',;_3,;__.J 
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SOIL DESCRIPTION 

Cl. -.t!ft!I sti!f.-~ll"Y,~.-0 
IUYCU.Y.r.Joaoeou,,-........iy 10-~-,... 
(wX,l:T/ mtadll a.nd rooNGl. IDGl!St...kt wg {aJang o,g1nb') 
Yf/l'f m.l:l -n ID ~to, IN,g tcoi a-a,d o,p,ios 

Mt.-T Modl1'1!1 sllll.~IIJOYwab .. ..--· b ID ve,y 
SM fim SANDY SILT lllca.cea-os; moist MOd pteml 1:b: odDt 

Ml -S:.&. va:wp.ted groon4h araynh l'DCHmdo moil.n11 SU. T- -
macocus. totno vory lina aand and nc. day. tl'IO~ 

Modlr.Ue odl.t 

IIAPL DESCAIPTION 

II 

1t 

~ 
~1-.., ... a--..!:1:W:_L- C>.-.-Oi-,-... - ,-..... ------~-I.IV--. -TIO-.-...,-a-... -ce:---c,-l'/-.-,-,-D-X_D.J ..... C>:i.--t-;;R;;:lMA=A;;;K;;S;7:-'----------- --- -1 

Upon com,:ilt Uon ot-sou u,._. aM monuori.ng to, NArl. 
prn•nc• In groundwnter, the~ was ~bandontG UA1I a 
htft )'&e'd IMftlonfte grout ,luff)'•• ,-essu.re gn:iU'Un9 

} IIOIISHOl..i OWoETE1\: 1 71 On) OIIIOUtlD IUl\fl,AC.: ELeVATIOH, ~l.t2 r .. 1 -&. 111111.1.-, DT-oDOwlt,7a_S._I 

{ ~IITAACTOR --D,,...110Mltlyo• ITAJlT CARO/TAO ID! H!A 

i~I.OG==O=ED=a=Y:::L:l:1:':':'=======0IIILUN(l=:;:=:""::rn:::::':":2'2004==·="='"""""==============:::;:=========~ 
f AMEC E..lfth a £nvuonm•nuu., Inc. & LOG OF BORING 

NB-17 
~ IU4'c><1land Site/NA PL Eva Juation n1, SW Durtwn Road ame 
D Poni.nd, Or900n 

USA17224 

i 0,411,1-1070~ T33 :: :: ::~i :'~~ PAGE 2 OF B i L__ ___ ______ ..J..:.::.:..:.:::::.:.:.:=:::... _________ _.__ _____ ___, 
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j § g 
S. ~ ! SOIL OESCRlPTJON 

g ~ ~ 
0 0 ::, 

111, lzt_Ml- C:rad=?stoSlLTvmh~mo ""9tytlrdl t> finaRncl: W.fio - - -
l SM sa:m.ttc:d 

- - ~ -
;; SM Loo-.e. gray.Omwn.f,.,..pootfy g:r>dedSILTYSNID. - -- -

bomoge:ncous-. sa:ur.rted. MIid odGr 

-.... - ------------- --------------' Ml.- 1,1,ulwm slil!. ll;ht t>town Sil T, niacOO<IS, lr.>,o ID oomo (10"4) 
I SI.I ... "' .. ry line ....i: moist ID Silgl1lly WGl 

l 
SM Mod11m1deOH, lig!Ctltown...,,g11y.......,.g, w10voiy11t,o-

SANOY SLTto SILTY SAM>,...,_ M.1d odor 

1-os-"' ~ ~ SM - Go,llu to wry de-. ...,._._, lino Sll fi SA/io. tll;h~y -

-

-

-

1 
' 

-
-

molSl 

~IObn>wn.mediumSQ.TY SAND. ffllCKtO ... Wtl 
&n,ngodol 

t; '-cw T Dork brown. co•,.., ,ut,n,unded to subeogu!M SANO>' - - -I :....e;s....; • I GRAV~ (9"-"'01 cons.l$t$ of bosolf). 1111i;c, Sth. Strong odoL 

Total de pal a 55.2 f~et bgs due ;o r~l'usal ,n competent oasaJ; 
bcdloclc. -

-

. 

-, ~ 

" 

-

~ko 
w BORING METHOD: Oirec-t PUsh .. 
~ BOREHOLE DIAMETER: 1.75 iin) 

EL.EVATION REFERENCE! crtyof PDX 03Wm 

GROUND SURFACE E\.EVATION1 35.9'2feel 

:l; 
Q DRILL RIG; DT Ge-oprohe w/1.75 r,\!cro Sampler 

~ CONTRACTOR: Geo.Te-ch Explorations/Ryan STA.RT CARO/TAdi JD: WA 

3.6 

23 

NEC 

' 

RS\MtKS: 

NAPL DESCRIPTION 

• NO'TE:. Due tD Insufficient 3.0-in.ch 
drive c:asmg on-site~ a temporary 
sf:3ink.ss. steel well point was 
screenad itom 51..2-55.,2 feet bgs in G 

separate a.ndad}scent boreho!e., 
lulowed gri:;un~r to stl.bt!izc 
tuemjgbt pnor to monitoring for 
presence ofNA?L 
0o 1113'04 .,.,,.. pumpfng O\Olhod$ 
'WQre u:.ad to monitor for NAPL 111 
grc.tmG-6ille.r~ 

NA?\.. was Mt i,mntifi.ed, howevv, 
g>cund't\-a:Or ~ o modoroto 
odor. 

Upon complebon at soll nmpllng and monitoring tot HA"L 
p1nente io aro~,. D'labor~waabandoM.d wlnv • 
high y4eld be:nlorule 910Ul shmy ond pre,.1.u,e grouang -

" lc,\_:LO:::G::G_:ED::_:6:_:Y.:.: .::S.::_:::S•:u:r:ey~------_:D:;Rl:W=N:_:G:.:O:::A.:.TES= :.:.1_::l_::12/20=::0::•.:.·_:11::1:"""'°'=::..---.l...--------------------"' 
c, ------------------------------------ -------,-----------.. 
; AMEC Earth & Envlronmental. Inc. 
~ RP.Portland Slte/NAPL Eivaluafion 7376 SW Durham Road 
2£ Portland. Oregon ame& LOG OF BORING 

NB-17 
t -H~ 
~ 0~1M-10703~ TJJ Tel +1 (603) 638-3400 PAGE 3 Of 3 
:l;\._ _____ _________ J...:.F::••:.•.:.1:..:(~50::3:!).::6.:20:.·.:.18::8::2 ______________ ....,_ ________ ~ 
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£ 0 l son. DESCfflf'TIOII 
l £ • • 
~ ~ li 

0 :, 
0 IL .._,.o-,,_, ___ byuu.d{FIU.) 

='-~ ; b 0 .. 1 SLT ("1.1..)wi;r, 

-1 U).20'I,..,., c:cara and .Md ... ~d __ M_b_=. 
_....._ ___ al 15-:Z.Oloetllga. 

s- 1 

IP ~p-hSNDYSIL,IOSLTYIW<D{f!UJ
._~ GLl- .......... .... torl'lld.llei.ht • .,,.-, - idld --
•• ~ SNat C!IAVEL t9U.t -

51,1-- -- -- - - - - --- ------------

- · ....o,y$N<O-.-,a "--·•s.10.0-• 
- ...... ,..._,. . ... :Wat SII.TaU.TY SAIi> 

(l'L4- - ""V'* ...... Cloy. ---

~t------------------------

;! s 
11 I .. 2 

NAPI. DESCRIPTION 

i iii ii .. 
19 

II 

U! 

,. 

, 26...!mlL.-.l--------------------_,_---r-:c-=c:ua~...1.--------------; 
' aGIIUHO MIITWOD: D1t1C1 Pt.ltft IUIVA TlON R.l ,lflENCE Chy of l'OX: OIIWffl 

i flOI\IIHOL.I DIAMIITEII: I 1' pnJ GROUND flURFAClili:uiVATIDH >S 14 IHI .. 
~ OIUUM' DTClaop:,oblwJ 17'Mlc,o&lmpler 

_ COH'TlllACT'Ofl. 0.0-TKh laploraUona/llyan STA,tT CAflOITAO 10 MIA 

i LOGGED av: &. aou,ey. '-\. K. DJtlLLINO DA Tia; 1/1Jl200.t, 1"4/2004 

UpM c• s a fllMI ...... _. .... NAIii. 
~-· '9 ............. .... ·-·~---..,--·--

RP-Por1land S1t111NAPL evaluouon LOG OF BORING 
NB-18 

AM!O 1!1rth ll lnvlronmonlol, Inc ame& 1'7' IW Durham Rood 
II l'onl.ond, 0,11110n 

USAt7t24 1 0 .. 1M-1070l-4 Tll Toi •11503) ffl4400 ... - I OF • 
l L-------------.L.:.'.:u:..•:.;1:.,:1::50::l::.;l l:,:1::0::·7,:H:,:2:,_ ____________ -1 _________ ..., 



! § d - I ~ SOIL CESCRIPTION i n ~ 
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j 

I 
I 

-

...... ...._---- ------------'----"-

j 

Ii:. -,s.;..;.;;,:-mC f rlat; ~ciAY'fvll(Ti. Slt.WctAY.-
a. nae,v,,.. 

NAPL DESCRIPTION 

2.6 

1.0 

N!Q 

t "' 

1.9 

~ cl...ict-.!l!.l..------------------~L-,;;;-;;:;;;;;;S::-. '-------- - ----j 
~ &Oltll<O--- IUVATIDN--C8a Ccy• l'llX0.-

1 IOJt!MOUDIAMlmll l .71 fillj GAOUtm...,.CSILIV•tlOff a.t•tw ===:.~.::.r:::~":!C::~'i...a 
o. Np yw6II belltoftft& grout Rm)' and .,--.s.sur• gtoU'ti1'Q 
~ OAJU.1110' 0,-,., ... ..,, .11__ -. 
i COHTA,t,C1011l o-•-c.,....--,... ST"'" CAIV)ll'All 00" -

i LOOOIIDJY· a.-., M.11. 

' At.lEC e.nt, & EmtflOftn,enllll, Inc. 
~ RP-Portland Site/NA Pl Evall11Uon 7375 SW Dutllam Road 
21 PonJanc,. o._, ame~ LOG OF BORING 

NB-18 
C USA9722' 
! 0-31M·10703.0TU Toi +11511Jl ~~oo p•-r 20~ 4 lil_ ____________ ..LF~u:....:_.-t:_:(~SO=l::_ll70-'=..:.1=11::2 _____________ .__ _______ ___; 
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SOIi. DESCRIPTION 

ML• Ant • ,wy lno II.Al Y '4. , ,,_ -- 11W1iot. 

"' 

~~~=~~~::::::::::::::::::: 
I!! ..... ~----------- - - - - - - - - - _..,. !,1.-.INJUWU __________________ ..,. 

~, PT !'EAT 
IINi)y 1111.T - - - - - - - - - - - - - - - - - - -

GP. - &uoo,,g..a, GRAllll c» 12_--, •.., __, -
• OM nca-bg"'°"" 
; j-6i5--"'r't"-;SM -tkow,,~ h Sil. lY SANO Hr Tlill ....C. - - - - - - -

~ 
C 

i1 
" 

Ml.• C.., cx11ltilllotj-Sl.lYQAY,
a. 

Cantadir*1a.dre:l'oaJy..-..itwlNL - - - - ..... !II, 
(fttbgs 

l 90RIHG METHO~ OlrM'I P'rn.D ELEVA,,.,..--. QrflfPOX

QftOUNtli a.uRf.,t.CS R.WA1'10h. a. tA ._. ~ 
.: IIQJtEHOI..E CI.UIETBl: 1..71 ( IA) 

~ 
0 DiUU. MG... DT a.o.,,-ooe M1.7S Uaao ~ 

I CQNTRACTQK.:. GeooTecb~ STARTCAJlOtfAQ tO ... 

~ LOGG£D: BY: S.. 50i.1fCY. M. iL 

I B 

NEG 

.,,, .... 

NAPL DESCRIPTION 

·-__ , __ 
._. ... .,,_o_.,._..._.,y -------590,GO ... ... 
.......,,,._ f .. ..... ....nigM..... D P•IIM _.,,..,.._ O,,U14QI_.....,._ 
.............. NAIii.. 
1'91 IM 

'"""' ........................ ... .,_.....,._ ... "" .... .... 
,........ ,_..,.... __ 1 , .... . _.,.... __ _,,, ___ _ -

o ,..:._..:_ _____________________________ ,-------~ 

! RP-Ponland S1t1,JNAPL Enl~llon 
AMEC Earth & En.,rontMni.l &nc, 

nu sw 0u11wn Rood 
Ponland.O._.. 
USAt722• ame& LOG OF BORING 

NB-18 
~ O~M-t070Hl T33 Toi •1 ($0)) 13t-l400 
~L ---------------!..'.:F!u::_:•.:_I !:CIOl::!!:) '20-=:::18:,::t::,2 __________ _ _ ___ ...1. __ .:.'.:.';;:°';;;..:.>.;0f'~.:.•--.J 
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ii~ " £ " ~ SOIL DESCRIPTION 11 NAPL DESCRIPTION 
~ { .. 

i n 
,L < g .. " .. ~ 0 0 :> 

" &nme.'ywu-'c$occmpowd b.saie<>ns,sliog o b <II, 

I 
.50!::anguku. ba;;;;llt az.wl (lo l .D-inch db meM,) In $.1 ndlllft/efa v ........ -. 

7,0 
NEG 

- 10 

a 
~! j--tllOl)lbllO--MEn!O&----.... -.. --, -------EUIV--A-llO_N_R_ll'SIWIC ___ lE:_Cdy __ of_1'_0_1t _____ loRE,,WUC&;;;';:;;;;"--------------, 

i BOIWIOLEIJI.UE'ml: 1.71(1111 GROUNOSUIU'ACSELIVA110,, 31, t4IHI 
u.o,n c~ et,.,..~ w .a: • "• rorHAJI'\. 
pttten<e NI gt•tMOWMM, ~ ~ wn alMN .... led a-.a • 
high1 yhtld _...ond1 9"01.11 •NIT)' aM P,1tHUtt tf'OlldUII -

! 1..::' OGG==Fn::.:B:.:Y.:.!_:5.:.= ...... =::::'::.' "-::_:IC...:_ ____ __:ORLLIHO.:.;::=.:...:°"__:TU.=- '.:.ft.:.3/200,l...;;,.;_'_1;..;11_"'200ol...;;. ____ L,.. __________________ ~ 

! ~•nd Slte/NAPL Evahdlloa 

~ 
~ 

; ~1M-1070HI Ul 

~ !•nn a !nvironm~t•l. Inc. 
7371 5W Du1h1m Rood 
Ponr.no, O,eoon 
uSAsm• ame& LOG OF BORING 

NB-18 

PAGE 40F • 
Toi ~1 (50l) &3t~OO 
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SOIL DESCRIPTION 

_.., -111..T l•11.L)wwn1ngulllt.,1\Jbeng111•1 
...... 4";> II l-ft Wmtllf). ltd Drl<lc ll!lg-. org""lcs .. _u_.,_ .. _ 

N~ OESCIIIPTIOH 
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•••-• ......,.,....,.... 2-
.. "*"1. ,.. ~ t s • ar,. odof .a boCDrr, cl mre 

l 
~ ML - --.;,,... SltJ (MU.I --- !l"""DI lUO IO - - j 

1J).n:tl -,1 nee roccliMs.. 

SM '.lc:dun ocr.::;Q,. ~"" ~ Sll. i'Y SAM> ,=:1.1.J ._.., 

-

03 

' 
I 

iTMi: ..... ~Jag_~,---~~~~~--- ~ , 47 
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~~2 

-

-

. Cl Dmvr1.,_ctAYEYSU- ..,._ 

w ,----·-~ 
h ., 
~ 
k 
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~ BORIWG METHOD: Ohltd Pu•h 

~ &:OREHOLE DlAMETER! 1,75 (In) 

• 

SU:VA110HW &Jet ~-,oaow. 
G,.OUHO 6UN'AC9 &aVA TIOH 11.n ... 

~ DR'ILL RJG: OT G•OPfObl wr1.11 MiHIO a.mpNH 

i CONTRACTOR: Qeo,.Tfth IAplor11l(lnslllt)'H ITAIIT CAIIDl'TAO IO "'A 

I 

_, 
POI 

I '€Cl 

• 
._ ., ____ _,,,NA,~ 
,......... e1 .............. ti r l!GllllutUIII• ____ .-,y_,, __ ,,_ -

;.~U>G=="=ED=l=Y·=· :l..:G:lo:n:••=======D=ll=IU.;:IN:Q:DA=TD=='=t:0/200<I===· ':":'=,-======================~ 
II AM!C !1rth , l!l'vrron.,...nUl, Inc:. 

ame& ~ RP-Pordond Sll•INAPL evoluallon 1371 aw Durham Aoad LOG OF BORING 
NB-19 a Portland. Ol'WQOn 

UIA 87224 
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;;: SOIL DESCRIPTION .,, .. 
0 

"' :, 

SM· Medium dense. brown. fine.SILTY SANO to SANDY SILT with 
ML disseminatad organics; wet. 

ML, Grodes to brcwn CLAY vilili rad l:ron.oxida motll!na. 
CL 

,·. sM MedJUmstiff,brown, fineSANOYS.!LT ---- - ----
2~ · · , .. .. , , 

J 
• S2 • NOTE: C¢mpo$lto t;.)mple collected from intel'V'31$ 
26.0-27.0 feet.28.0-29,0 feet, and 30,()..35.0 foot bgs, 

- SIM.U-

I 3 

8 
~ 
~ 
~ 
~ 
"' R 
ill 
~ 

·1 
!. 1 

2 ~ : 

SM Grades U"> brown, fine. SIL TY SANO; ~turatod. 

ML Medium sliff, brown SILT. · 
SM I Medium dense, brown:-fine SIL TY SANO: sstura.ted. 

An fridcseont$hec-n .lppo:rs throvghoutintCrval from. 35.2-.d.1 ,0 
feelbg.s. -~uel/ool'Vent-lika odo1. 

Medium doose, brown. fine SILTY SANO; saturated 

" f ': i -4o--'-'W."'---------------------- - ..... -

~ 
Q. 

~ 
"' 

it B.ORING METHOD; Dir'RCI Pui h ELEVATION REFERENCE: Cil'y of POX 0 .1t11rn .. 
i BOREHOLE OlAMETER: 1.75 tin) GROUND SURFACE ELEVATION~ 3S.33 f oo1 

~ a Oij.JLL IUG: OT Geop(obe w/1..-75 M.<iet-o S:impler 

o CONTRACTOR: Geo-Te<:h & plor.itlons/Ry.ln START CARD/TAG ID~ WA 

~ 

2 
C .. 
.s 

~o -z 515 
g~ 

24 

117 

224 

23 

w 0 w 
< m...J ~ ,,.lij w< -'> 5 °'> §ffi.., UO: 

ii "'I!! .,,.,, .. 
3:z -"':$ 0 0- >0-

I:: 
NEG 

POS 

NEG 

POS 

1 
Nf G 

I FOS 

! NEG 
PCS 
NEG 

POS 

NEG 

NEG 

REMARKS: 

NAPL DESCRIPTION 

ro;;n. brown, sutnouncf blctbs and I :~e;;11od NAPL (1-5 mm diametar) .. 

l 
epproYlmatoly !> 10% dJS"'...emlnaled 
11\tc~lly throughout from 

12_.$21.5 feet bgs. 

k brown. s:ubround blabs {1-5 mm 
metar)1 approximately 5~10% 

GSemfnated lnterstitialty througholJt 
22.S.23.0 fe<:t bgs. 

i nc b1<>wn, round to .subround ble-bs 
5 mm diarn·et-er), ap.ptoxfmately 

09', disseminateOfnterstitfally 
ouo.hout from 25.0-25.2 feet bgs, 

rc;rk brown, rownd to .subround b:eb::.. 
I C2-s mm d.iamoter), apprcxlmatG!Y 

1 20% d.tSse mina ted Interstitially 
!;!!;:oughou1 frnm 26.0,27 0 feet bgs. 

l~ rk brown, round to subrO.und blebs 
(~.S mm dtamo1or), npproxirrnstoly 
20% dist.cmirmtcd intonstJtia.Uy 

- throughout from 27.4-27,6 feetbgs 
and 27 .9-29.0 reet bg:. . ..... 

upon compietion or soil Rmpllng-nnd monttorlng tor HAPL 
presence ln.ground~tet, Ute-bole.hole was abom~o~ed u:!1:lng B 
hlgi, yteld bentonlte grout slurry and prcuure. grouting 
method, 

.- LOGGED BY: L. G\(lnelt DRILLING OATE.S: 1!20l2004 - 1121/2004 ~ 1.:::=::::..;:;:.:..::..:::.:::::::::.;... ______ _:;.::::::::.:..:;;.:.:..;;..;.;:;:.:..:;;.....:.:;;.::.;... _ ___ .._ ___________________ _, 

S AMEC Eanh & Environmentaf, Inc.. 
?i RP-Portland Slte/NAPL Evaluation 7376 SW ou,harn Roa.d 
25 Poruanel, Oregon 
.., USA S7224 ame& LOG OF BORING 

NB-19 
~ 0-61M·10703--0 TJ3 Tel +1 (503) 639-34!)0 
~I.....-------------- - LF..:• ::.• _+1.:....:::(503:..:..:.:..) 6:,;2:,;0::.·7::.8::.9..:2 _______________ ....,_ ___ P_A_G_E_2_0_F_ 3 _ _ _ 
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" " ~ SOIL DESCRIPTION 

"' 0 
"' ::> 

SM Medium donSo. brown, flr,e-SIL TY SANO; ~tumtod 

1 No spparenl (ldOr or sheen from 43.3-45,6 feet bgs. 
I, 
I -, 
[. 

5-,:. 
Ml Medfum,stiff, brown SILT with 1race ~nd; wet 

1 GM P.redominanUy sngubr to s.ubrOun'dod, basalt GRAVEL (up to 
3.0.lnc.h di.tm8te1) Wf'.h sandy matrix.; saturated. 
Modera!e sheen-and odor ffom·4S,6-50.0 foot ~gs_ 

- Extremety weathered la decomposed b3salt, fri3blc with soll.flkc 
properties 

Toto I dcp1h = 53.o feet bgs on compctontbas.)lt bedrock • 

w 
J .. 
" " ., 

J.,~.· G 
BORING METHOD: Olt4d Push ELEVATIO.tl REFERENCE.; City of POX Datum 

GROUNO SURFACE El.EVATION:, 3S.3-3 (eel I BOREJ,!OLE DIAMETER: 1.75 (In) .. 
"' 
~ 
s 

DRILL RIG: OT Ge-oproba wt1_75 Macro Sampler 

CONTRACTOR: Geo,.T~h Exploratlonsiftyan START CAROf'i'AG IOt HJA 

e 
8: 

~;; 
I=;; 

~~ 
>a: 

25 

107 

I• 

~ 0 
w 

lo z 
~.i 

Q 
6 ~w " 0,. )L ::> "'a: 0 

3:~ .,izn. a: 

" "- >oi 

NEG 

I I 

REMARKS: 

NAPL OESCRIPTION 

• NOTE; Bottom of:t~lnc.h drive 
casing set et 48.0leet bg$; t.emporel)' 
stainless ste-el well point screened 
from 49.0.53.0 f•ot bg, 
Allowed g;oundwater to stabi1:Ze 
ovom'igtit plior to rnc,nitoring for 
pr0$00CO of NAPL 
On U2,J/04 ioortia pumping mE!thods 
were u:s.ed to monitor for NAPL In 
gtoundw.ttc< 

NAPL was not idaritifjt1d; howaver. 
groundwato< oxhibited a stro-ng odor 
3.1'.d moderate frideioent sheen. 

Upon completion orsoil sampling o_nd monitor ing tor NAPL 
presence in 9rouod\v;str1r, tJ,e bo.rebole \';(ns'ab.i.ndon ll!Mi using a 
'1i9h yield beptonite grout slurry ;11nd pressure _grouting 
method. 

i 1..LO::::_G::::G::ED::• ~BY:.:.:;_:L.:::_:G::l::••:::•::•:_ _______ _:D::R: l:L:U:::N:.:G:_D:A:TE.:,:S:;:..:;t/20::/2004::::_·_1;;.121:.;:12:004::_:_ _ _ _ J... _________________ ___ =_, 
I RP-Portland Slte/NAPL Evaluation ~~~~~~,~.';;;~~

0
:?•ntal, Inc. 

B, Portland, Ore·gon 
J USA 97224 ame& LOG OF BORING 

NB-19 
~ 0~1 M-10703-0 T33 Tel +1 (503) .639-3400 
&L _______________ LF:•:.•.:.•.:.1.:;l50:.::l :...l6:.:2:.:0:..·7:.:8:.:9.:2 _______________ __,_ ___ P_A_G_E_ s_o_F_3 __ .., 



J ! I I ! i .. i I H SOIL DESCRIPTION ( ; R I 
0

! j i I~ NAP\. DESCRIPTION 

1"7,:"""-'-'-?::==:=:------L-.:;;,,i ,F-i::..J....I ..:...Jo ..:;.;.ll..i..;.>0::.::..-1,.__ ___ ----l 
yt,) ~ 

5 

i 
..l 

a 

GM Sil TY IANOY CRUSHED ROCK CflU.I - -

tA - M1aiuffl 11lff- bf0Wn w,U, belgt end ,.d""'ltan-o'xi'ae - - - - - -
motlllng/ltrtng•ra dl1Mmlnat1d ttwou;t,~. 11..ghty pYl1tc 
SILT (l'lll),m1<:ooooua, 1r1c .. 1oy "'°"' 

~[ . 
SM 

Slfghl pti.no~•'• odot 

S11Qhl to mod1n1t1 pti.no&-hli• odor to loll from 1 0..10 O ,-. 

• • 

Lo0$0, modu"n D"Y, ~no paat1y gradod 611. TY SAtcO. ,_ • 
§!!g_htJ.1.~~- --- - _ _______ _ , 
MO<llum .. , . b;lM btnm w<lh ,ed it<w><><do a,rlnge<s. tOghlly 
p:a::.k CLAYEY Sll T mic:acaa.us. va ce w,y tine sa.rcl. moat. 
No ap~ron1 odo~ or~ 

Bec..ottle5 we.1111 saualld, U'lln f0.5--""oof) pached ..-..mr botll'On 
lrom 14,0.14.Sfeetl,g:;. 

Cotor wnon 1o grocM.-:i gcay a: 1s .s feet tig;s 

Medum .. .11. 01Ne11roy. sigl,lly plas:ieClAYEY SILT. 
ma.c:oous. crudely~. n'IOl!st ii:> we.L 

SiJ. -..., ollll, gr.,.,- fine t, VII)' i&lo. poo,ty gradl,d 
Ml SN-C'f SI.. T. ~ ~ turatsd 

!H~~R-,-H-O~-~--o-.-~-~- ---h------=--A-TI_O_N_R£FEJIE ___ N_C_8_·_e_1_~-.-,-. -D-X-D-aram 

GROUND SURFACE ELEVATION: 148.32 reet 

~ ORLLIIIO, OT°"°"'oboWl1,7 .. \Kto s.mplot 

t eotn'RA,C'TOft Oto-T.cil £JcplofdoMJRyan START CARDITAG 10: NIA 

l t.OOGED 8 'V: S... a ourcy. H. R. 
0 

I RP-Porllitnd Sito/NA PL Ev•luatlon 

ORII..LINO DATES: 1.2/C/2003 • 12/!i/2003 

AMEC Earth & Envlronmentol, Inc. 
7376 SW Durham Road 
Portland. Orogon 

; USA 97224 

o.s 

HEG 

REMARKSl 

Upon comple.tion of soi1 sampling and monitoring fOf NAftL 
presence In groundw:imr. th~ bo,-.l,ol• w,s abandoned usirig • 
hlgh yfeld bentonite 9,01.1t s luny and pressure grouting 
method. 

ame~ LOG OF BORING 
NB-2 

~ O~lM-10703.0 T33 Toi +1 (503) 639-3400 
i '---=-- ----------L.:.F.:•:.•.:.+.:,1,::150:::3,:_)6:;2:;0~·7:.;B:;9::2 _____ __________ ...!.. __ ,;..P,;..A_G,;..E_I_O_F_• _ _ J 
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I 
" 

JO 

• 

SM--•S&.TY&N«J - ---- -- -- -- - - - -

i.-• --_..., 11N ID vo,y Imo, paa<ty 
~SILTY SAND ....,.tad 

Pr• I .. OODl'et Mi 2 .. odlot IIO eo,~'Natef No lhtl:n -·-
Ul,-a.wuiii:<f°":~~~p11";,,cci,Ay(Y$1LT.- - - -
Cl SOft'le YU/ Me und, wet 

, ...,. I s I ... 000( IO $0dl'Wa~e, 

6.,,_--.,..., ..... .,ve,yina&il.TYSAUO - - -

Phefio&.t" odo(o, ~=~ :sot.'w.lllN 

&'1 - Al-... gray._.,, lino :0..,,., lino. poorly groded - - -
SANOV SII.T raCOOUL A1Ur.iled 

,.-..,... pNnOW.w ooo, ot r.~-liko odor ;o sofli\vnt.or 

SM I.MN ID-...-. f'IY, lne. poorly grad•d SILTY 
SAl',D hornos,trl ,c • . "*8C40UI. ~a.irol:od 

- su - D\iil! L0.!'£'N."1-'l:P~ oTi.ftmr 111~.§Jq_Ol!o\P _ .,
i..o.. • - oon>o, vroy, r.no. poorly V'"dod siL 'i'i 
WC> t ;tMaus, rnaeeau1, 111turotr,d 

,...,..,.,. , ... odlon--Sbdoiw$.Dfeebgs.. 

ML- - ............. llg9y~C1AY2fSl'-T 
11 ~ W . ... wr,hu:rtd,-.&IOMCLn!ed. 

u,- -- - - - - -------

--.Q'llt WID""'Yllrw --k-:V 
SAt«l hcwnOQt lMi.11., mkaCIIOUlt.N ... 'IICl 

NAP\. DUCIIIPTION 

05 

NF.Ci 

i • i....11-.:..:._;__:._ _ _________________ .__.,.,=~--:!=--'----- ---------1 
: ---, WT'MOO Dlred ~-- D..EVA TJOlf SW LL«I.: C., *' ..aJ. Dl&Mm flSMPV' I 

i KM IOLI' OIAMi1'P. 1 71 (1nl 

l .. 
(, 
~ CONTUCTOft. 0..Tec.11 ~ SUJUCAimi'U,G ID" H;-A 

' _, \.000.m a'f. s. aowcy. K- Ill. 

• 
RP,PotUand Slta/NAPI. Evalu.llon 

0~11M0703-0 T33 

AMEC~ & EmtllDtll'llfflc.l. Inc. 
m, SWOunum Road 
l'onlondOragoo 
USAt722• 
Toi • 1 (503) 639-3400 
Fu • 1 (503) m-;8!!2 

Upoftce.1 .. .aa.• .......... _. I .... ,.,HA,t. p,~•• ................... loeCIUIJnt. "'9•,_ ______ .,_,. -
ame& LOG OF BORING 

NB·2 

PAGe 20F • 
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~ 
~ • SOIL DESCRIPTION .. 
g 
~ 

SM i.-. co mt dlum dontt. modlum gniy. w poo,tygrldod 
SIi.. TY SANO, mu:11c.ou:s, t.nn1ed 

Vary lhln (<OJi ln<h auol:), mtfioOSILlYSAND!ay,,r, 
lnterbedded ttvaughllq. 

ML• Mocllum >tii!. li;N-. '11G~ .. mocor-t.ly plo,roc CLAYEY 
Cl S1LT,W9L 

I M OmN ID medium dense, li;ht luown. lino 10 wry lino, pe-or1y 
g,aCMG SL TY ~o. m.caceous; mo1,1 
OtC:tH~a tnQ~ro comon1 

DI-. 10n,!woW11. ftnt ro .. ry 11M -1), gradod611.TY SNID 
mcac.au,; Rtur.titod 

5 
L 

! 

-

!~--------------------------
ej, BORJNO ME'ntOO-- Dlf'IKI p.,._tJ 11..&VA TION UPEWC& City ot ,OJl Olfflrm 

CIIIOUNO tlllllACI IUVAllOH 40:2-

2 DRDJ.fUG.; OTGcc;a&"'1 .1'5Mlrl:m~ i ~ O..T.cll~ STUTCAADiTAOID· HiA 

RP-Po<U,md S!WNAPL Ev•luatlon 

DRILLING 0.-TU: t2'"2CICD • ~ 

AMEC &M & E,,..l,onmonul, Inc. 
7375 SWOumam Rood 
Ponland,O_., 

! USA97224 

e .. 
0. ~-

"~ 50 
g~ 

04 

0.3 

~ " 
m .. < 

~ z f' ::, ~I if 
" 0 -

I I 

. 

. 

i; >8i 
NAP1.. DESCRIPTION 

·rlOTE. -.o13G,o,cn"
QOOnQNI •SllO-Ogl;-poBl'J __ ...,_ ......... d 

- 58 5425 ...... 
olUIOnd SFQUflllr.llltta sbl:am 

~ - .. -""V''" ..-flll!AP\.. 
On 1:z.=- pumi,.ng m,111,od, 
....o Ulild ID monrtot fat NAPL In 
lf'WWWIOd:tff 

NAPL "'"" or ocsor wero nol 

&,rp.a CMirpLIUon Of ,on 1:a,npllng and montto,tna lot NAI'~ 
,.. .... M lfOi,lftdWIUl.t, lhe bonatlo.la wn abandoMod U~ftl • 
M9'I ylelG tNntontt. 9tout 1tu11y and PftK.S.lU'e "'°"tang -
amecO LOG OF BORING 

NB-2 
! M1U•1070~ T33 Tl!f •1 (!503)6:JS.:)•OO 
i L _____________ i..:.F=u:.+;.:1:.,:l::::S03:::..l f2ll= ..:·1.:8t::2:_ ____________ ...... ___ P..;A_G_e_a_o_P_•_-.J 
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SOIL DESCRIPTION 

I 
Wcaui.cr¢d b~$.1J'I.. angular, vo:;iwlar basalt fragments (1 .0 to 
L ~fnch diame!e1) in Qxidized sandy clayo.y m~lllx (residual 
, ock/soil), 

Tomi dep.th = 62 5 f~e-1 bgs due to refusal In competent basalt 

NAPL DESCRIPTION 

0.2 
NEG 

-

~ ~1-eo--!---...2...------ --- - ------- ------- ;-;;;;;-;::;:;;:,;:---- - ----------- -j 
Gj BORING.MElliOD~ Direct P ush ELEVATION REFERENCE! CiW ol POX 03.tutn REMARKS: 

i 
if Upon completion or soil umptlng and monitoring for NAPL 
} SOREtiOLE DIAMETER: 1~76 (11'1) GROUND SURFACE ELEVATION: 48.32 feet p,es.ence In grounctw:itcr, u,e- bore.hole was .ib.;mdon~d using a 

&, 

i 
ORJLL R)G:- OT Geopiobe.Wf1.76 Macro Sampler 

CONTRACTOR: Gcio--T~h EXp!oratlOJ)SIRyan START CARD/TAG ID: NIA 

11191, yield bentonite grout sJu1w Md pressure grouting 
mOthod. 

i 1..::.LO:;:G;:,::G::;E::D~B:_V,:,:1~S.::_:B:o:"::_'<:Y'.'.,_:H::_-_::•::_· ______ o:R::1:LL=IH::G:_D: A::T.:.E:S:::....:_121:,:'1:200::.:.3:.._· 1.:.2/l;:.::/2003.:..:.:..:_ _ __ ...!. _____________________ _, 

Q AMEC Earth & Environmental, Jnc. 
~ RP-Portland Slte./NAPL Evaluation 737oSWDumam Road 
~ Portland, Oregon 
~ ~Nm ame& LOG OF BORING 

NB-2 
~ O-<l1M-10703-0 T33 Tel +1 (503) 639-3400 
licL _____________ _ L'.:F:::•x:..•:.1:..:(:.::50:::S::,)_:6.::20:::·.::711S=2- --------------L--.:..PA.:..G...::.e_4_0_F_4 _ _ J 
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SOIL DESCRIPTION 
~ .. 
"' " O-rrTT1r;:;;-t,;;======:-c,========-,,-+--

I 
ML I Thin i;,rg-anic layer (tootle!:$, wood debris) und@r1.:iin by rnedium 

.. 

5 

0 

de.nse, brown SANDY SILT (FlU ) with subarigular gravel, red 
-+-1-h~. bf«;k fragments fiom O 2..0.8 rt ct bg$. r.i.-1 Sti;fbfOWn. fit.o SANDY SILT (AU )wtths.ubangu?ar to - - -

rotJnded gravel, trace orga!'lies. Stml.11. 1ed brick fragments 
Swti:E>red th101Jghout moist. 

Color changes to.gray. 

Red brick rragmenis-from 6 .7-6'9-fect bg5 

ML Modi tJm stiff, gray.SILT {FlLL) with trace fine sand, traci 
organics; moist. 

ML ! Red brick fragments from 10.5-10,6 feet bgs. 

Stiff, g ray.brown SILT {FILL), ttace,organics; molsl 

ML Medium stiff. groy, fine SANDY SllT (FILL); moist 
-H++~ I ML Sti~.groy-brown SILT (FILL): moisL 

Cl ± Medium stiff, gray SILTY CLAY {FILL) with black mott!es 
(~pproxlm;,tely O S.lnch): moist. 

:.. - --------- --- - ---- ---- - - -
CH Soft. gray CLAY (A LL} with traoo sand and red brick fragm,ents, 

:..aturatcd 

Ct I Sbff,gtay-brown SILTY CLAY wl1h bl>clcmctlfos; moi'st, 

ML M~dium stiff, brown SILT; s.aturatod, 

Medium stiff, blown, 'S!ightly plastic SIL TY ClAY 

W..L Soit. gray SILT-; saturated. 

~ Ul SOR.ING 1'1ETHOO·: OirQd Push ELEVATION REFERENCE: City or POX Datum 

~ 
" ~ 
; 
-~ 

BOREHOLE OIAMETE~: 1.76 (In) GROUND SURFACE ELEVATION: 37.74 ffft 

DRJLl RIG: OTGoqprobe. wi1 .75 M:.11;10 Sampler 

COtn'RACTOR; Gvo-Tt:eh Exptorarions(Ryan START CARD/TAG ID: NIA 

1 
"' ~E 

;: "' :5 0 
oiii :, a: 

0.6 

1.3 

0 .7 

... 

a: Q 

~ "' z 
Q 

~ 
w.., 
~~ 

>- w NAPL DESCRIPTION 

~~ 
;'j5: 

:, .... ... 
-~ :, ~ .. 

$:!l~ 0 0~ 

NEG 

REMARKS: 

Upon comph:tfon ot S?il sampling .and moni~o, lng for NAPL 
presence in groundw.1t'Of, the bo(ehote was abandoned u$,1n-g a 
high )field btmton1ce grout slucry .tnd ptessure grouting 
method. 

i 1.:::LO:::G:::G=ED:::.::8::.Y:_: _:L.:_:G: <:o:::••:•:._ _______ _:O::R:_IL:l:.IN::.G:_:D:.A.:.TE:.S:.:_<::12::0:./20:.:.:0::.4_,::.112.:.:.112.:004:.:.: ___ _,_ ____________________ _, 

j RP-Portland SltefNAPl Evaluation 

& 

AMEC Earth & E1w i ronmental, Inc. 
7376 SW Durham Road 
Portland, Oregori 
USA 97224 amecO LOG OF BORING 

NB-20 
i 0-61M-10703-0 T33 Tel +1 (503) S39-34ll0 
~ L_ ______________ i..;_F=••:..+:..1:..(..:50=3:.:.)..:6::20:..-7:..89:....:2' ____ ______ ____ _._ ___ PA_G_e_1_o_F_ a _ _ _ 



i g _j 

g 
_j 

¢ E. 0 SOIL CESC!UPTION 
% .. ~ i!' .. 

i • ~ ~ 
0 0 
2 

;t::::k,_ ----------
SANDY SILTlaytrln>m 22.8-232 lfftt,g> 

SM-.....,..,,~d•rkb<awn, nnoslLTYSJ.NO. u1lnlll<l --

. -fr•· ... -~,,,..,,,. .. , I t,111 ~u~lumdo .... darle-, llnt LTYSAND; satura~d 
SM 

1M--::- - oWil't~~r,ii:fwiioiiu:w.Iru~: 

J Ml, ~ b<>como1 .. ,..,..11d ol 27.3 I011bgo 
6'A 

I 
j 

3~ 

Ml Stln, brown SILT, wotto ;:alanlld - - - - - -
~ 

GM-Ooiiio, brown, ffno SILTYSAl'i>;-~ - - - - - - - -

!and--

~ 3&-J lrld4tconl ahtoo th,..ugt,oul _I...., 351).)1 D IHI ba• 

~ 
ffl 
~ 1 i I 

i 
i 
t l-<14>-l..1...-----------------'-' 
~ fOltlHO &.an400: Owcl '""" &DATION k.SJ UWlCL City Ol ,Dx. Datum 

I &ORIHOL.S OUJ.STEa: t ~H(..111) OROUtlO llilRJACI ILIVAT10H :11.,. tNC 

l: OfUU. IUCJ DT Ga ; ... wrt.71 U.C-n,....., 

l COHTRAOTOR::. 0.0--T.ch....... «-• STUT CA.RDIT40 IO H/A 
~ i LOGG£D BY: L QIOftd 

! AMl!C ~ & EnvlronmtnoL Inc. 
~ RJ>--Ponhnd Sli./NAPL Evaluadon 7171 SW OYmam ll<Ud 
2, PotUand.. 0"9on 

~i 
s:i 

~I 

2. 1 

07 

07 

5.S 

a 0 

':! i ~~ .. a NAPL OESCRIPllON o:< 

~ffif "' u" ::, ;~ 0 

"' ~, 
0 6~ 

NEG 

_ ..... _ 

- --...,.u,,a-............... IIAI'\. cw..-.•• t - . .. ....,..v.n .ta.DdmMd udnga ll'fl'i ~ .............. llllny..., p,.uure g:rouiang -
amecf:1 LOG OF BORING 

NB-20 
S. USA9722' 
~ 0-ll1t,l-10703-4 Tll T<lt .-i {503) m :MDII PAGE 2 o, S 
i ·L --------------l..:.F.:u:.+.:.1:.tsn~~)~llO-?::;:.,;.IIZ=::_ _____________ ..... _ _______ __J 
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J 
i 

.., 

~ 
! SOIL DESCRIPTION 

"' ... 
i .. 

i 
SM o.n ... lllOwn. llllo SILTY SANO: "'lur.illd. I. Vlslbl• lrklo.liCQnt shoon and moderate to $Uong odo1 from 

40.0-43 0 fool bg,. 

Ll!lht to no O<lor from "3.0-18.0 foot bg1 

Total l:IOpth • 52.& root bg1 due IO rofw-..nl In competen1 ba-satt. 

e' ~ Iii 
! < ,~ ls jo ;~ z 

:, 
0 

~~ g~ a: 
I) 

I 

7, , 

C 

~~ NAPL OESGRJPTIOII 
4ffi 
::,~-' 
!? ~ > ~ 

NEG 

-ed<Drown NAPL 1,,.., 13-< mm 
POS :icicJ between kuninat.onlbedding 

NoG 

lan.e at 42.0 feet~ 

• NOlE: Due to presence ofNAPL 
identified 3t 42.0 fcol bgs ~nd 
lnsufficloi,t 3.0-tneh drive casing 
on-shc. lho tamporary1.taiJ,less. ste,;;I 
well pofnt was si::raaoed frum 
48.8-52:8 fe.et bgs In a separate ~ 
adjacent borehole. 
AUowod gcoun~1or 10 ~bllt:(I 
ovi:irrught prior to monJtoring for 
prosonco of NAPL 
On f/21/04 inerli.a pumping methods 
wore u.sod to monttor ror NAPL rn 
grounctw.iter 

NAPL, sheen or odor were not 
identified In groum:twoter. 

<cHIO-'----------------------------- - +:REJ.=IARK= =s-,-----------------; 
it BOA.ING METHOD: 01,oc:1 Palh El...EVA noN REFER.ENCS.: City of PDX Da1um 

1 BOR.etOLE D1A1'11i1'ER: 1,7& On) 
Upon c-0mpletion orsoll sampling and moctlt.o1·1ng tor NAPL 

GROUND &U:RFi\CE El..EVATIOlt: n ~74 fNt presenc.e in gtound~ler, U'le borehole was abandoned using a 
hlgbyteJd bentDnft.• grot11 slutry l!lnd pressure grouting 
,neibod. & 

i 
ORlLL RIO: OT 04"'-ptot>e Wl1,,7S Mac:10 Sampler 

CONTAAO'l'OR; Oto-TKII Explom.Uon.s/Rpn 511\RT CAJlDfTAG Ui; HJA 

i : 1.LOG=::O::ED=.:B::V:;:l_:L.:.O:.l:::•;;:••:;k:..::. ______ _:o_:Al:;LU:;_:NG:;..:DA::..:T'E:.S:::..:1.:;.l20/20CM::..::..::._·_1_:/21:::;/200'..:.:. ___ ..J. __________________ -J 

~ AM.EC Earth & Environmental. Inc. 
r; RP-l>ortl•nd Sltl!INAPL Ev .. luaUon 7376 sw Durham Road 
a, Portland, Oregon 
it USA9722C ame& LOG OF BORING 

NB-20 
i 0~1',\.10703.0 T33 T•I •1 (503J 63!1-3>400 l 1.... ______________ .1-F.=u..:•_•_l:_503__;)_62_o_._1as_2 ______________ _._ ___ P_A_G_E_3_o_F_3 __ ~ 
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NAPL DESCRIPTION 

-, 

$<L TY w.DvCRUilHE15ROCK!Fll.C ~T-- - -

LooM, mul11<iior•dclii»lo<il. whllo . rod n,ll(odCRAVEL -
(FIU.), toundry SANO IFILL), olog ond ro<I ftro bn<k 

Vory poor r«owry duo 1a looto or,o ..,.,.. AU. m•"'1•1•. 

Ml<od GIIAVl!L (FIU.j, lound,Y SAtlO (FILL) ond Mok, oon"' 
wood Clobrla 

Modlum 1ijlf,' molll•d brown With oomt ill>n•o1tg11uing11i, 
ollghtlV IO modorutoly pl••H• CLAYEY SILT, mtcaooou•: l!l<>ill 

i..+ .;;.;ri,;;;, ii1ii,1:iti11,iown,nno 1o vory nno, poorlv oroJoii - -l 
S!t SANDY SILT, mlc1ceou, : wot Thin, porchtd w.:tto, zono Hom 

L• J.2J),J2 ~ (Ootj>gl, . - - - _ - - __ _ _ ,:r r,,,r. J 
CL Mocilum 11llt, mol:Utd brown with groy, 11JghUy ploabc '·"'·'" rc.Y 

SILT. mlcootou,1 uoco wry Ono '-Ond, mo111 

j 
SM - Loo,o, gmy:j,iowr1,1lno tovory nno,poolfvgradodoil'l'{YJi15 

10 SANOY 5 1l T, mlCIOOOutJ; W01 gnadlr,g ta 11bJrattd {Dl 141 7!5 
roet txJt) No 1.neoTI 01 ooor no1,d I" ntt1 i - 1 

~ t.l - ioti:'fihlbiown With .Omi lton-oK!dt 1nd m1ng11no..:O:Jci;: -§ slightly plotAlc Sil T, m.lcaoooua, tom• dly, ttoc• vo,y t1no i tollO, mol>I 

..,,,...,... ...... sT.l r LooH, ollvt1111y, ftn1 lo .. ;; rn;; poony gri'o.d i1rrvsJ.NO-l 1 --~·---·- . 
t 1 -- &:o,-.. -...r,-...; ,iiiC..;.;;; ir,i..J; .. .-. .... 1y plHOC - -

i IOJIINO -D: Dlroct •u>h 

I IOIW'OU! DIA- .... , .. , 

• 

n&VATK>N "5RRJIHC:£;. City or ,ox 0.tum 

;_ DU.I.. .UG OT~--W"l.'11 t.t.Klo &ampler 

f COHTIIAC:TOllt: O.,.Tch b,pktnnlOMnlpfl 8TMTCAftQ.fTAO tD H/A 

02 

05 

0,7 

07 

NEC 

JIEM MI 

Upon AmpWion ot •oll Amph"9 e&a rnon.l10t,ng rot MA.PL 
Ill"~ in g:,oendwatM. 0. bofel'lo .. wn .abandol'*! USfflQ a 
h1on Y"ltd M.neonna tto&d ,1uny •fld pt-.nw• grou6"1 -

f LDGG!D av· a. _,cy, 11. "

:1. 

RP-Ponand Slle/NAJ>L Ev11ualion 
Portland, OfOQOO 

LOG OF BORING 
NB·3 

AMEC hnh & fnVlronmenuo~ Inc ame& 7J71 SW OIJJtllll\ Rold 

USAt7224 
~ 0-411 M·107D3.0 r,3 Toi •1(503JPn•oo p • GE 1 OF 4 t L ____________ ..i..:F::.:n::..:.•.:.1 (~503:::_l;.:62:::;D~::n:.:z _____________ L---'-'-~----'-'---' 



i § s !,. II ,. SOIL OESCIIIPTION ; % • 
~ I 0 

Cl.AVEY SILTID SILTY y 

SM Loow. ta~. nn,, poorly grndod SIL TY SANO~ sotumt,d. 

..J 
S"I- Modum Oliff, llghlbiownpmdlno 10 olNO gmy (ol 23 5 looihii•>· 
ML Ana IO very nn. SANDY SILT wlU1 t/lllCO cl11y; molt.l 

I 

' l 
G11aa11D ""d um llflY SIL TY SAND 0130.5 INC bg$ 

....,Y,...-+------------------- ----ML Gollta-d . .-..v-,, non;t .,._,..,_ 

l 
l 

$&.T,m-. .... _.,-.- ----SM- ...-.; .... do-. Ilg!<"'"~,,,,. _,,.~ &II.TY - -
W.'D_,,. __ - -. 
Qequ.sed....,,.gMM 

aa.-10 __ QI..,. lino.,--, .... _,,pdod Sil.TY 
&AH), t.ou 11 I I • . ffltfflCOfflll. snn.tad 
MillOwa ..... DUIN~ ....0. 

I ~ 0 
w 

4 z .. s ~i ~ ttf_~ NAPL DESCRIPTION z 3:, :l~ 
~! ~ ~~ 

<w_. 
::,~~ !!GI 

>O: " " - >0 

a 0.8 

I 

05 

07 

I o• 

E 
~HBOl!!HGO---_L...I.El>IO--O,-.-O<l-oc:r-,-.... ------!U!V--A-110-H-------Qly--of-,-D-l-Da-'-..,,.--+-=~=!::S::-.-'----------------t 

IJP9" wr,.-tfonof HIIWfflPlt.nt•M ,,_. 114 '°' ~ 
o,-".n,c..etaorou t••r OMIMWMOtit...,..•~w'lh'I• 
Ngh ~Id MntOfttla O(Ola aluny ancl P,9"1illt tt'ocrUftt 

,: 
'! BOREH01.E cu,,eTO: 17S(lf\) OROUf4g&U"1Ace IL.ft4TION ........ Ifft 

~ DltJU. RIG, OT 0.0,,,ooo "".71-.0 Samplct 

£ CONTRACTOR:: G.,.TKa~ aTAATCAROITAO IDl NIA 

! t..OGG:EDBY: S.llm.-cy,M.ft. DltlWHODATl:ll 12'll2001•1~ 
0 

~ AMEC Earth & En•ironnwtliU. Inc. 
7'78 SW Duthem Rood 

§: Ponl.and, Oregon 
~ USA,7124 

:. Rl'-l'ortwnl Slle/NAPL EvatunUon 

--
ame& LOG OF BORING 

NB,3 

~ ~1M-10703~ T33 Toi •1(50l)ISU400 
~L--------------J..:.F::u:..+1;.;..(:.:503.:::).:SJ0...::..:..":.:'.:2 ______________ _,_ ___ P_AG_E_l_Df __ • __ .J" 
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SOIL DESCRIPTION 

NO. mochum gny. ftn,o grading CD tine co "*lf&lm. ~ 
Gl"ded SIL TY SANO,,_ .. ..,., saUlll<I grading 10 wot 
lllollOm O !Hoo~ 

Medium - Q'>1, lno. -,Y gndod SIL TY SANO, 
homogo~ ~s.llr.l:trd 

1 m 

11 
< 

ji i I! I NAP!. OESCRIPTION 

!1 >ii " "-

05 

~ 
05 

tiEO 

oa 

f "NOTE So<:oc,ot3.o..ncndnw 
~ CI.MnQ N\ a:.!i6.D r... eap__ Mmporar; 
l 1,tlU'lltN Ulel .... poa scrHnod 
' o.e lrom se s-a>5 IN< 1,gs. 3 --eor.udfic-._.a...it.so,1'1»~ oflng'"~"i,:V-Ula, =«!:;~: 
IE bo .. flagintnts CID 15,lnch ... mtlll) ill oo O<odiud undy - cl IW'L 
k:' •r fflltrit On '~ lntrlD pumpng methods 
~ ""'" ...... "' mo .... lo, NAPL m 
< g~~, 

g NAPL, shoen °' odor••• not 

~ l-.,0~1UHG..£2Z1ETMODo!i..... _ _ D1rec, __ ~-.. -.------=--,.-no- ,.------e-,-c-tt-y-.-,.-o-x-oa--1 .. -m--r.:,.....;;:~ll;:K::;l;-. ..L---"""'"""a.d1<lnL1slllma11YNG!miG1:ll'ICL.----1 

~ Upa c...,..t.ion or soil snmpllng and l'l'IONIIDdllll,., HAPL 
~ IIOR£MOL.!OIA.IETER: 1. 715 fin, GROUH!>S\111:FACE ELIVATIDNI 41 ... tfNI ,...._.11191ounctwnttr, lh41 bor•noa..,.,... 1111.,,...,... t.nl"f • 
I ..... .,....W Nntanllt 01out slurry •nd pr•~•~ 

DRU ,uc_ Dl GeqMobe w.11.75 "'*'o ..,,.._ ,...... 

i 
~ 

3 LOOO&l> IY S. a-.y, 11. A. DIIILUNG DATES: 1ZNZOCD • \VI/ZDDJ 

i AMEC Eanh & Environmentttl1 Inc. 
~ RP0 Port11nd SIII/NAPL E\'a)uatlon 7376 SWDurlwn Road 
2s Pol1lond. o,_. ame& LOG OF BORING 

NB-3 
~ USA9722• 
~ 0~1M•10703.0133 Toi •1 (503J 6:39~ PA~E • OF • i \... ___ ___________ L.:.Fu=.•_1:.;l::503:.:.:l.;;620.;;;..-:.:78:.:92..;_ _ _ _ ___________ ._ ___ y __ ~ ____ _ 
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SOfl Dl!SCIIIPTION 

~ 
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-

-GS-, 

-

-
- I 
-

- 10-, 

. 

-
. 

f 1..-
~ i i -I 
S' 
' i -
~ 

! -
I • .. 

" ! 
IOIVMO ~ 4 ouec, '"'" EL2VA noH _u,alHC!; C:fty of PDX oau,m .. 

j aoAeHO\.I cu....,....,_ 1.n ClflJ o"ou~o aufl,"-CR IILEVl\1'ION: 411.'9 , .. 1 
. 

~ OllllLMl. OTQ;eopfOMwn.11Jr.'-cJO l.a.lTlp .. tf 

i c::o,mtACTOk.. O....TKh l,laplorl'UOn&JJly.,n STAR·T C-'AOrrAa IDJ N/A 
,.. f t.OGGID a,. &. 110urcy1 H R. ORJI.IJt-lO DA l'WI: t 11"200) .. 12/ll2003 

!f AMEC Eo11h & Environmonta~ Inc. 
jl RP-Portland SltelN.APL Evaluallon 7S7t sw ou,t,om Rood 
& Ponh:md, 01egon 

USA !722~ 

I 

NAPL DESCRIPTION 

ij I NEG 

I I 

REMARl<S: 

Upon c;otnplenon af son sampling and mon:ito,me for HA.PL 
pre:sence In groundw:ltet, 11t.e ~hott wat: •~ U'\lllg • 
higt, yield befl1on1te grout <1:twry and P1nnit• g,CtUINlg 
mothoel. 

ame& LOG OF BORING 
NB-3 

i 0-61M•10703.() T33 1al •1 (503) G'.1&~400 
E\.... _ ____________ J...:,~,:ilX:_",:_1:.;(:::50:::)::,t::Gl:,:0:::·1_:8::;9l:_ ____________ ....1c....--..:.p..:.•..:.G.;;E_•_OF'--•-~ 
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! SOIL DESCRIPTION 

i 
GM "'4dl&ml ct.on. - medium. ongulat SANDY CRUSHED 

RQCI( (FIU. 3'4-inch mlnuo) 

ML M.c!ium stl. motlled orange-brown with lron-o•ld. &tllfntng - -
OIJghUy plootic CLAYEY SILT 

sM. Sort to m,dlu.m.i.nlff, grsiy•btowl'l, finia to ve.ry hne, poorly graded 
ML SANDY SILT. mlcocoouunoill 

ML, Soft, gmygmd1ng ,ollghl brown wi1i;"groy-mot11ioo. ;ilgiiUy - -
CL plu11cCLAVEY S1L1; m<>l1'. 

SM Locso, gr1y,b,own gr>dlng to gr.,y (ot 14 0 toolbg•J. fino lo 
vory nno. poorly g11dod SANDY SILT IO SIL TY SANO, 
mJ®coou,. wot to Atu,ato<I. 
No app.,rol\1 c>dor1 or ohoon 
Orcundw,11• t ancoun&otcd ol l4.2S feel bg:s wnlle drilling. 

ML• Soll. Dghl biown, Ol;g~Uy ploinlc CLAYEY SILT, mlco ... uo, 
Cl noo w,ry t:lno Anti, molo:t to wot 

SM SANDY &ILT10SU.1Y SANO.- - - --------- -

~ .. 
t .. 

i 2 
w 80Altl0 1-AEnfOD: DhK1 Push El.EV A TIO.N A EFEREttC6'.! C lty O:f JI OX Doi ti.Im 

I 10REH01.s 01A1'1Sl"liR1 , .n (lnJ O.ROUHD SURFACE El--EVATIOH; 41.27 fM-1 .. 
« OtUU.fUO: l)T'OtoprOtNlw/1.TlfA,)goS.mphH 

i CON'nt.ACTOR.t ~Tech liapl«adoru./Rya11 &TARTCAROITAO ID: 

:! ! LOGCED 8V1 & laurcy. H. JI. 

HIA 

DftlWNQ DATES: 124112003 • 12/i/2003 

i AMEC Earth & E,,vlronme.nt-aJ. Inc. 
$l RP-Portland SIWNAPL Evotu•llon 7378 SW Durt,om Rood 
fl Portland, Oregon 
,t USA9ffl4 

E 
~ .. .. -..,o 

,=z 

ii 

0.9 

O.d 

OA 

! e 
% 

i ti:~ ,.g ... ,, NAPL DESCRIPTION "':. ..... 
I!~ .... ... 

!? :>130. 
0 ~~ So~ 

REJ.\1\RKS; 

Upoo compffllon ot soiJ umpltng and rncmlto1ln9 tot HAPL 
iJll:Son« In groundwatt".r. the bor• hof.c!: ~ aba.rldo~ using e 
high yield bentonU• grout s1uny and p,enure groutmg 
melhod. 

ame& LOG OF BORING 
NB-4 

~ 0-41M·1070l-4 T33 Tel +1 (503) ~o ~L _______________ l..'.F.:::•:•..:•..:'1(50:::;:3:!.) :S20-:::7:.:8:.:9::2 _______________ ...J. __ _cP_A_G_E_1_0_F_ l __ ..J 
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SOIL OUCIIIPTION 

S.'.I I WIOY SIL f IO IL TY SANO 
OIIW·QnlV SANDY stL T 

SI.IT Orofl.ng in10SIL1YlA"Fi6:iiiii,.1i,o- - - -- -- -- -

ML- . Br°"'n ClAY!YSlLT"' SIL i'fcl.AI' lo,.i (• forit. ii.a> -
g.,-Loo .. to ffllolum dem., tan•bnlwn. fine . PQOrti;raotcSII\.TY
SM 4Atl0, hOl1\0iltMOUI, miCl~UI Ntuflwd 

Ml· Soll. brown, IMljjhUy pint.< CLAYEY Sil T (4 0-s troct.) - -

cv,wct. - - - •· ------------.-J-
SM Modi um denso. li;hl _,,, Int, poo,1y gadoo 511. TY SMC. 

mlc:1ceous, moist 
Oo'1'9:i r;cd mo~wto content 

ML-tMedium •tiff. ora"llish bn>wn. oli;hdy pla<OC SL TY CtAY 1D 
Cl CLAYEY S!Ll - uoe wry fine und. wat. 

Medlum lWISE. Kght brc,wn.fine 1D .. ryllnc SILTY SANO. 
hofflOO'MOUS.. ~coous-: $3tUrated 

- - S•!. llght brown. sligl1lly u, mod.,..,.,, PIO"" CL",YEY S1l.T. 
nt&Q«'OU:. nee "4tfY fine sand. WU 

NAPL DESCRIPTION 

a OS 

NEG 

O• 

Dli 

~ SM--. - SILTY smo;1,.,mogenoous - - - - - - - - -l ..... 10AJHQO-..l..l.l.!ETIIOO:....:::::__._;Ov=::0<t::::P.::u>:.::b:.=:.:..:~.:.::'.!.::=EU!\l::!~A:.::TIO:::N:.R_EF_ E_R_EIIC_ E:_·_C_lty- o-l P_D_X_O_atJ.u-m--\-:,RE=i::-.IA:-:RJ<~S:-: -'-- ---------- ----! 
t Upori completion of soil nmpllng and monitoring,_ NA.PL 
f 80ADfOLE: D4AUCT1iJI: 1~7S (inl GROUND SURFACE ELEVATIOH! 48.27 feet presence ln ground.,.'t'lter, th~ bare.hole WH 1bJn:doned using a 
& high yield be.monlte grout cluuy 1.1nd ptessure grouUnv 
eo CIRI.J.JUO· DT Geop,ooe...i.n -.~uvs.amp&., method. r COl<TMCTOJI: 0-TK h E,,pl...-.nly,n 

j LOGGC I Y• S. "°"'C'J• H I\. 

STA AT C'.ARDITAO ID. NIA 

ORILLINO DATES: 121'81ZOD3 • 1219/2003 

§ AMEC Eanh & Envlronmen1at, Inc. 
~ RP-Pottl.1nd SIU!/NAPL Evaluation 7376 SW Durham Road 
! Portland, Oregon 
,: USA'7224 ame& LOG OF BORING 

NB-4 
~ o~nt-10103~ Tll ro1 •1 t110J) s39-3400 
i L ______ ________ .L.:.F=u::__•1:.:(i.::II0::3::)..:8.:20:::·:.:18::9::2 ______________ ...!. _ __ • __ •Gc:.e..:__2_0_F_3 __ ..., 
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I SOIL DESCRIPTION 

i 
.1,1 ~l1dlum nM, llQhl -

tnlC"QftOv.t. NWl'IINI 

No NAP\. P'ft"nl . no-. owmv "..,..., h'" a (),.,ID a 
1001 DOI 

Mtavo1 dl"111'GeCI uppe.r J OINCfllN,,_ dlila•6lt.,tDeel 
toll 

~'-" - &1111, -um bloglll-. ~ -CU.VEY SILT, 
Cl MMCSC19, Wlll 

------------- - - -------SIA 0,,,.11..., _ _ lgtll-., .... _....., 
c,aOldaTYSAtl). flOII Q F JS.ff'IOlll 
..._ ~ CCd&.""am ditmO SN«> 

i 
I 
ii 

~ '§ 
~ 

& 
~ 0.1 ' 
~ 
~ 

OS 

' j 

a.a 

~ Iii 

I ,!i iii 

'"G 

NAPL DESCRIPTION 

'NOTE -ol 3 0-.,, -ca- IOI• 5,< DINI bgo "'"'PO'"'Y 
................. pa.nt KtNnft-11 
-530.17DINli. 
~ c,rlM,lldWIIM IO Wlbolll:• 
~ ..... ID MOnnoring lot 
.,..._ofNAPI. 

0,, l:IAl,03 """"' ----..... uMd ID fflOl'\l,IOf tOt kAPL. In 
Q,OUn6MUtt 

t-~APL. lhHn Clf OCNC' .-. nil 
ldantlOD<I In G,.....,. • .., 

~l-<10-- - ----------- ------------ -,-,,,w,=v.:-:Rc:Kc:I-: --..!--- - ----------, 
IO"IHG MIITHDO DiNct....... 11.ZV~TlON 111,&1111.HC&. c.,eyfJIPOX CIIMft 

Upon nmplftiGitl of soil umping nd mon~ WM."-
1 ~1.8 OIAMrT1III , 11'"' OJIOUHO 1uu1ic• aLSVA 1"IC»t. 4&.J7 IHI. pres.Mee In 9roounctwllf•. UtE bofeholit .... ~ abaudor4CII ~ • 

hligh )l9ld MllitOMlt 9rov1.,1uny and pressurt1 gt0Ubftl -DRLL. NG DT C J ... wt 1'I MINN ...... 

CO#TltACTCllll O..fwtl c..,...aa r111,- ITAAT CARCWT•G It NIA 

-:'I 1.0M1D IY a. aourcy. H "- Oflll..LIHQ DATU. 1.21&"200) .12,1112000 

AMEC Earth & Environmental, Inc. 

ame~ LOG OF BORING RP-l'onl1nd SIWHAPL Evatuai- m1 SW OUrhnm Raad 

C 
PortlMld, Orogon NB-4 

C USAl722• 
l O-t1M,1070l-4 TS3 Ttl •1 IIIOl) 639-3<100 

l'AGI! HW J 
& ..... , 1503) 820-7892 
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i I i SOil. DESCRIPTION 
~ 
I O ..._ __ s;,=-'-,-1..oo-.. -.--,-.-red...,.., ..,-.,..-~$N=l~D-11'~,-I..Lj-oo-....,.,,--g-o-,----nlc--.L.-

ii 
C 

~ 

ono.n Wllh orpNC:9 and ~ mo,s\_ 

al.I \OOM. llght ....... llno IO very lino, poolty gf9dtd SIi. TY $ANO 
Cfll). mbceou,. .....,fl9UW g,..., (IO IO 2-) In -
0..Skto&.moCII.. 

P.rcfll!d wa!al' at 4 0-,a..5 fNl t,gs. 

Somo. uon-oxldO t.t1i.ning oolow 4 S toes t,gs 

ML - Soll. light b«>wn. ,i,ghlly pla,& CtAYFY Kr .... -- - -
:mo s:and:moist.. 

_l _____ __ ________________ _ 
5~ Vary fine &IL 1Y SAND lay>,< i20 iocbes !bid,) a! 9 • ..atl loot • 

ML- ,~. ---------------------' Cl Sort, bn-br.ovm. sl~ piasfrctAYE'V SA..T m:eo,n::: 
mo.I~ 
Trooc o,,;anios at 10.s,.10 6 fa.et t,gs. 

f,[ - Gr.I dos to .sal'I. brcwn SILT ~ soma w,v ~ s.,no. -.,., ... 

SM \ooso. l,gh< tan-brown. lino IO wry lino, -graded SIL TI' 
SfJ40. mobl IO 119"'l'-

t 10R1NO &lli'TI«.10. Dir.a ,.,o &IVATtON flEFERcHCli City OI ,ox Datum 

1 BOREMOU. DIAJia'Tl:Jt.: 1.7S (utJ OftOUNO SURFAe&: EUiVATION; . ...... '"' .. 
:. DRI.L JUG'- OT~ W1 15 MKro s.am,att 

~ COHllV,~ ....,_To .. ~yan SlAJITCARDITAOID• HIA 

RP-Ponl.and Slle/NAPl Evaluauon 

OfUWNO OATi:IJ IVl l/200) .1211112Gm 

AMEC earth & Env1ronmu,U11, fnc. 
7319 SW Durham Rood 

a Ponfand; Or119on 
'<' USAtnz, 

I 
a. .. --'i ,:: i5 

i~ 

o.o 

00 

0.0 

~ 
la 
§ 
:5 
0 a: 
0 

• -

0 

"' z 
,..liJ .. ., 

ll!< :I~ NAPL DESCRIPTION 

~~ ""' _, :, .... 
~!! 0~ 

00 ,,&; 

REMARKS: 

UPon c.ompi91Jon of soft nmpl]ng .tnd molU&Onng for NAPL 
Pfeltftt• 1n grCN.tn<twai.r, lhe bof•hola was abaindoNd \d.ing • 
high yl•ld bt.ntonftl QfOUI .ShUTY and pt"9UUt• Qtouting 
moltlod 

ame& LOG OF BORING 
NB-5 
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SOIL DESCRIPTION 

-2: 
SM Loose.to m8df.um dense, !lght gray-brown, fine, poc,dy graded 

SlL TY SAND, homogeneous, mica coot.is; ssrurated 

- . , . 
.. 
; 

~ · 

-25--' .. ·1 
I ~I~- . . ML Metlfum stiff, bgh1 brown, shgh1ly plasticClAYEY SILT; we.t. 

~ ~--..... ~------------------------( ·: j SM loose to medium dense. light brown, fioe to medl-um. poorly 
i' · graded SIL TY SANO, homogeneous:·S3turatod. 

~. 
~ ,. 

-:. 
. 

- so-

----------------------------' SM Mctdiurn·danse1 light brown, firta1 pocdy graded Sil TY SAND. 
homogenoous: sab.lroto<!. 

._ I 
ML I Medium stiff to stiff, fight lxown, slis-htly p1as1ic CLAVEY SILT 

wf1h tn'l~C! very lino sand: wet to saturnled . 

I 
No evid_ence of NA?L, no odors cc.staining from 20.0-40.0 foo: 
bgs. 

+\+I'- __ Contact i.nferre-d-dujL~~or rEcove_!Y._ _ _ _ ....... ___ _ I 
. : SM Medium d ense. light brown, tine, poorly gradodSIL TY SAND. 

hom·ogon&ous. micsce9us; saturated 
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l-4,:i...!.' . .L!..L.....J'-------- -----------'--
~ ..., BORING METHOD: Oirt.~C Pu.sh 

i BOREHOLE OIAMr:.--rER: 1.75 (in) 

ELEVATION REF'ERENCE: City of PDX Datum 

GROUND sU.RFACE ELEVATION: .:A .. 49 Teet 

~ 

i 
ORIU. RIG; OT Geoprobe wM.76 M.Jc:ro SO:mpltf 

CONTRACTOR: Geo-Tech Exploratlon$(R~n START OARDfTAG ID: WA 

. i LOGGED SY! S. Bourey DRILLING OATES: 12112/2003 • 12/1512003 

e .. .. ~o 
Fz 
:5~ 
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0 .0 

0.0 

~ AMEC E.ortt, & Environmf!ntal, Inc.. 
i; RP-Portland Slte/NAPL Evaluation 7376 SW Durham Road 
:S Pontand, O regon 
,t USA97224 
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l:1< ~w NAPL DESCRIPTION 

z "ii: 
~> 

:, <ffi~ 
~ "I:! :, .,._ 

~~ sg~ " 

NEG 

REMAR)(S: 

Upon completion orsoll sampling and monitoring for NAPL 
pre:scnce in grour,d~ter~ the borehole wn$ :i~nelone<I ush, g a 
f'llgh yfe1d·bentonite grou1 slurry and pressure grouting 
mca1hod. 

ame& LOG OF BORING 
NB-5 
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I SOil DESCRIPTIO!>I 

§ 
:, 

6M 

sM Grad1:1 ta mecflwn donso. "gl'librOWft,il'IG to ,,:;ry-fll1a., poony -
gr1dtd StL 1'Y GANO. homo09noou:.. mKacEo~ $at\lr.\tod 

Grodos to Imo lo modlun, SIL TY SANO QI 48 I te-ct bgs. 

Thin {2.0-ln,h l.lyot), very rtno SIL TY SANO, we.lat 47,5,47 7 
roor bg.a 

ML· sun. right brown, or,ghtly pl•ouc CLAYEY SILT: wolto - - - -
CL 1atum~d 
SM Mod!wn do11,o 10 don,o, Ug_ht brown, nno to vory fino~poorty 

_grod•d SILTY SA.NO. mlcocoous.; Milu.rato<I. 

SM T Grad4r, to 1'1110 ta moc!lum, poorly gmdod SIL lY SANO. 

ML• I Sblf IO voryalltf, llgtu btown,->IIQhUy to rnodo,-:itotyp~t.tlo- - -
CL Cl.A YEY SILT 
GM Vory dOn,o. gro)'•blawn, madlum t.o coMs.o. o.ngulor to 

1ubangularSANOY GRAVEL (to l .04nth dlamoto,, collwol:il 
IIOpt wJII\) with IOffll clay ond 31Jt, a.ab.Ln1tod. 

Residual. hlghty weathorod lO d•compoud bilwlt conG!,tlng of 
angul.tr, v-1lcular basolt tr.agmont, ln o rcxklish Dandy clay 

11< 

Toti! dcipth • 57 5 toet bgt, duo 10 rofusll In competent bas.alt. 

I "' 0 

~ .. 
z ~., is .. .., 

~ "'< 
I= ,!; ! 5~ .. jD 

~ g; a ;~ "' .. CJ 0-

0.0 

DO 

0.0 

D jw 
~ §W..J 

!!rd~ 
>0 % 

NEG 

NAPL DESCRJPTION 

• NOTE: Bottom of 3.0-inct, drive 
casing sat ai 53.3 feat bgs:: tecmporary 
stlint0ss tile-el wen point sc:eened 
ti'om 53..5-57 -5 fco1 bgs 
Allowed groondwatc, io $1:.)binze 
ove might prior 1D mnn:ilonng fo, 
pre~nce ol NA.PL 
On 12115t03 inertia pumping 
methods w ere usod to moniio.r fer 
NA.Pl in groundwatar. 

NAPL sheen or ooo, were llO! 
ldentffie-d 1n groundv.uw.t 

& 
l l-a-i;OORl- N_O_•_l!TH __ O_Dl_.-C-i,-K1-P-.. -.------&UIV--A-,,-O-N_R_EFE_ REN __ C_El_•_C_l_l\l_OI_ P_D_X_D_•_1U_m __ r:_::::: .. ::::.R::K::S:--, ----- - - - - --- -----j 
$ Upon c;·ompl..Uon df sou sampOng and monJtoring for KA.PL 
% liOREHOLS D1M .. ET1R: 1.71 (In:) GROUND liURFACE ELEVATION! 44.0 fNS p,-pnu In groundw.ster. the borcholt: W3S abando~ed U$ln9 a 
& hlgh yield b4rn::onlt.e grout stuny ancl prusure _grormng 
'.. DftlLL FUO DT G.oprobt Wl1~11 M,x;ro S.:.mpltrt method.. 

5: CONTltAOTOR! 0.0,..TKh £.Ap.lor.ttJoM/Rpn STMTCAA.D/TAG re,; NIA 

:I ~ l.:L::OGC:,::::E0::.::8::Y;_: .:S.:_Boo:=:."':!Y _______ .:°"'= W::.::N.:G.:D:.A;.=:::;:_•:.:21::1,:21.:2W3=-·.;,•21:::;1SQ003:::;:::_ __ ..L _ _____ _ _________ __ ...J 

~ AMEC Earth & Env,ronn,ent.ai Inc~ 
~ RP.Portland Slto/NAPL Evaluatlon 7l78 SW Oumam Road 
:, PonJand, O,egon 
,t OSA9722• amecO LOG OF BORING 

NB-5 
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m 
~ 'S 0 SOIL DESCRIPTION 

:i' ., ul 
i!: ., .. "' .. 
tl; ~ " " "' < 0 0 :, 

" - o r ~ GM Medium dense, dart brown to bl;:11::k' (1.S.2.5 feet). gray (2.5·3.0 

tl 
feet). oxidized reddish brO\vn viith gray motU!ng (3.()...4.0 foet). 
grading to greenish gray Witt, lron,o){idc motuJng (4.0-5.0 feet), ..... medium Sil n' SANDY CRUSHED ROCK {3...S·inch minus. 

~ FILL) 

l" Q 0 ~, ' j 
Phenol..fike odor bek>w 3.0 feet b,gs. 

0 ~ 
ML MedJum ~tiff, green~h gray wrtn Iron-oxide ffiOttiin'g CJ:yEy- -

SILT {fJLL} wilt1 sc;imc blad:. fin~ foundry~nd; moist. 

- 5--, 
Moderate phenol.fike odor. 

I Occssional angular gravels.and red Crick fta_gments from 
--, 

_ _ S.5-6.2foolbgs ----------------!· SP 1 LocSE.med,um gra y. med,um to coa!',e, poorly graded SAND-
(A LL):wa110.sawra:ed 

4 
I 

r 
Mechum :-.tiff, mottled me-dlum te> di'ltk gray' wTth "minoflion:OxidG 

CL CLAYEY SILT to SILT¥ ctA Y (ALL) with epproximat:ely 
10-15%- org.,nlcS(rooUct:..: moi:::t 

1()--' ' · I SP 
Loose, medium gray, medium to coarse. poo,ly graded S • .ti,ND 

' (AU): rno!Sl to w~t. Strong ()(!or 

' 1·· 
~ SC 1 Cl.A YEY SAND {Fill) with sill, organic$ (lO'i4 iOoU•tef." 
~ Perched water zone.. Strong odor 

' · , ML- Medium stiff. light:brown. slightfy·to moc!eraialv plastic CLAYEY 
CL Sil. Tto SILlY CLAY, trace organics:: moist 

SORING METHOD: Ol're,ct Push 

~ z BOREHOLE DIAMETER: 1.75 iln) 

ELEVATION REFE,RENCE: Ctryof POX Datum 

GROtlNO SURFACE ELEVATION! '1S.84 feel 

~ 
c:: DRILL RIG: OT Ge-oprobe wtL75 M:u;ca 53mplet 

i CONTRACTOR: G.eo•T&h ExpJl)r.ttion::JRyM START CARDfTAG 10 ? H/A 

e 
~ 
~ 

w-., !i 
3a 
o" 
>~ 

2.< 

10 

21 

BA 

"' 0 I!: w 

~ "' 0 
ffi;;;1 >-w 

0 -'> z °'> .., a: 
:, ii a: :§w...J 
0 ;<~ a: ..,:30. 
0 o=c >o~ 

NEG 

POS 

NEG 

POS 

,:l, 

NEG 

POS 

,;:, 

REMARKS: 

NAPL DESCRIPTION 

~wn NAPL ble-bs (1.0--3.0 mm 
d.iame:er. <' 5%.) from 7.2~3 fa.et 

Jigs. 

j Blown NAPL pro-duet linlng many of 
~ tootlets (rootcasts).from 6.5-9.S 

et t>gs.. 

Strong odor, no visib.le N.O.PL 

NA.PL bf.ebs (1 ,0•2,0 m m cfiameter) at 
15,0 feetbgs. 
Medium brown. touM NAPL blebG 
(1.0..2.0 mm diametet) ftom 
15.3-16.3 feet bgs, 
Horizontal, 1:tiin (< 1.0. 2.0 mm thtek), 
brown NAPL Gtringers ok,ng 
l3m1nabon planes from 16,3--17-1 feet 
bg•, 
NAPL blCbs {1.1) -.11.0 mm dl:,me-ter, 
approximately S.10%}, diG$cmi.not~ 

!Jhr.oughoutto19,7 ltet bgs.._ 

Upon COfnpletlon of.'SOI\ sampling .ind moni toring for NAPt. 
presenco irt groun-dwater, the borehot~ was ob.:lmkmcd using a 
h igh y ie ld bei:itoni1e- grout slurry and ptHsure groutil\9 
method. 

! ~L:0:G:G=ED=B:Y::::S-:::B:o:u:re,=' ========O=R=l~LU~N:G::O:A:TE:::S:::1:11:1:1::12::003:::·:·::1:21:1:2/200::::::·====== ========;:= = ===== ===~ 
R AMEC Earth 8 Environmental. Inc. 

ame& ~ RP-PorUand Slte/NAPL ·Evaluation 7376 SW Durham Road 
B- Ponland, Oregon 
a USA 97224 

LOG OF BORING 
NB-6 

~ 04;1M-1070l-0133 Tel +1 (503) 639-3400 
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SOIL D£SCRJPT10H 

SM._G,o_., _______ ._SANDY--
1,1,l la.Tu-

SU-1.oow - .h•-,bS&.TYWC> ------ -
.ClllltalllilM 

li:-~il*°!):;C,,yfr~(Ti, P..l'L«;:W ~.;.:Jg:::_:: 
i;i., loow ..., _ -· ... S&.lY SAl,I) 
S.tA no~~ 
~ ......... 

Ml-r -lOSAl;DYS...T- -- - -- - -------

SM 
SM--IOhSLlY$01C> -------------

14.- -.. .. ..s.5goa_.._s1;,o,n "lllly-c..AYE'Y 
tv' §!I.I!!! §!!...TY_~ -,,..-- - - - - - --- - J-
$1.1 L.oow 1og1,1 .. ...,_ 1m •*)' hSUY SAND 

~neclll" t'!"!IQC.eOUS" satur'allllld 

I 
~l1 ~ 

i g! 
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~ i >400 
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0 ;~ a: 
0 0-

D .... 
jjl; 
!:.u !!g,. 
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POS 

I P05 

11EO 

l'OS 

I tEO 
I 
I -

NAPL O£SCRll'T10H 

~ -'°"Oded NAPLblobS (lo 3 0 
nwo dii-. ·--·tr 10.J ,,_ 204-205 loel t,g> 

Om-NAPI. p<oduc1 j1/ll.1nch) 
loa::ang on waw sur!Ke, at 23 0 IHI 

..... a;. onor • oper,rng finer No -.lb!• 
fU.P\. ftOtltd ne1ltlcl:aly an .at from 
2S 1).23 5 bga 

-·-111111111~0-
- - ·-"'Y5'11,)-

Xl$.J27-· -

'h,.,,.- -11 O.S O "'"" 
-- <15'1_lS_2,... 

- .; t,go 

~, .... ~~L-----------------------.tll.:...,~-;;;;;:;: .. ;;Ma~:-1--:....------------i 
._ IIORJHO W5"TMOO Direct hid IUVATIO"i 1UP'111SHC&.· Ciey of"'" DliMft 

...,_...., OH olMII ........... _es,.. ... NA"-
1 IOAIHOL5DIAMli11iiR 171Cu,J O"-OutlOSUIIIACIE.IVA~ .t&.IAtNI ,,_._•lAlfOlad'11llr. lM ...... _ .... highyiold ___ .....,. ___ _ 

l DALL ftto OT o.op,oe.. ..rt 71 Miao a.rnt11...- .,._... 

COHTllAC1'0'I -Todll,AplwollOftllllyon ITAIIT CAAOITAO IO H,A 

Dft1L.LIHO DATU. tJ,11/2001 • 12112/200.l 

.;=.======:...:..----,--------------------------....... 
AMEC E•f1h a Envhanment•I, Inc. ame~ 

AP-PorU1nd Slte/NAPL Ev11uauon 

! 0-11M•I0703.0 T33 

7371 SW Oull\am Roao 
Po.rtl•nd, Orega1, 
USA 1722• 
Toi • I (II03} 1314400 
Fu +1 IIIOll U0,7892 

LOG OF BORING 
NB-o 



lclodorlO~I foGll>OI 
LOON.~-· lino .. •ry llno &II. TV SANO 
homog1n1 awa. fflJCICeOW;. Mll.nl*' 

~iltiil.11o--~ --------- -----1 6M ~ Yltla - ------------ -

Or.ay un1tofm, nM &IL TY GAl'fO_ 111Urat.ed 

11 I 

1.3 

NAPL DESCRIPTION 

No ,.IAPL thM.n o, ocSot r.ocad below 
41 Offflbg:L 

-eo-, NEG 

i 

• 

~it Mod1um ifonso, 1/gh'ibiown, 1ino ,o vory nno:SANOY SILT, 
SM mol1t10 wol 

'fiitii~LAVtfv11i'rToS1rrrCLA1.- - - - - - - - - -
Mndlum don1010-do'nii.T~h1 QroY, ftni"tO m"id7uffl. poo,iy - -
aradod Gil TY SAND, hon,ogonoou,~ aowl'Dtod 

GP - VoidinN:-miciiuinlot1n',:-11ndv, aubongui11T10- .~U11f - -

- -l..~1.:;;.:oildlioo.o.iiom,;iywoat!ii,idloicomj»Adba .. lt.1 
conc.il!lng of angular, w*ulat bl111t gr:iv1t1 with rod and 
bolo• undVCltV 1111"1• 

/1. 801UHG IAlill'OO• Direct~ ... IU'VATION lllUIJlll!J4CI. Cft)' Of POI Dablm 

OROU,-,D IU"fllACS 11.l'VATION 4'-.M fHt I 80UMOUi~ 1,71(111) 

l 
Q 

L 
i l.000.0 av: a. a-,cy 

f flP-and SlbtlNAPl Evaluodon 
!. 
!i 0-411M•1070l.O nl 

OIIJWNO DA TD 1'211 trtOOl • 12'121'10CQ 

AMEC &nh & Envlron....,111~ Inc. 
m1sw0u,,,_..,Road 
Por111nc1. O,wgon 
USA9722• 
T•I +1(5031639 UOO 
F•• •1 (!OJ) &211•789? 

3.5 

o.a 

llEIMflKS, 

• NOTE. Bo~om ol 3.0--1.nt:h drive. 
cuing Ml ot 55.0 feo1 bgs; 1emporaty 
:milnto:,., :.tool wen point &creenod 
from 56.0-60.0 , .. , bot 
Allowod groundwater to i.ttblUzo 
ow,ml_;hS ptlor lo moruronng for 
pro,onoo of NA.PL 
0n 12/12/03 ;,,.nm pUltt!l<"O 
method~ ~ro uwd i1> monimf for 
NAPl In ;roundw&ter 

NAPL W.1S not. ldornffied~ hoW'llvat. 
orounctwator •xhibl1ed • suong odol 

upon e:ompte,uo,i or IJOff a.mpa 119 •na morutorlng lot NA.PL 
p,nenc.• ln grtitnOl'llltel. the bofehOUt was .atwi ndo.ned us:lng • 
high ~ btntontte g,ou, s'hrny Md pren.ure. ~outing -
ame& LOG OF BORING 

NB-6 

PM.E )OF .. 
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SOIL DESCRIPTION 

ToQll dopth • 0011 fMt bcP dut co wry C'Otn?O-lOnl N.Mi1 
bltdtock 

I .. -
j J i 

~II 
.. ., 
< >i • 

0: 
8 I!! 

i 
2 

"' ... ;f "'< Nl\PI. DESCIUJ>TION 
" 5~ i ~ ..... i~ !!=$ 0 >0 -

I 

!1-tG--------------- - - - -r::==--- - - - ------1 
' IOMKi MIITHOD: Dina,.. n.YATJON RE19tEHCG.: City or l'D.X OillUm Ra.WU<S: 

l Upon completion or11°'1 umpUno and fflQnl to1lng tor HAP'L. 
1 ,olWHOL.aOIAMEtEll. 1.71 ('n> C.JIOUNO SUJtFACE ELEVATIOH• u.a, feld pruonc;o In gtouM""9W, the bor.tiotew.it ebandon.S IIClga 

! OM..L. fUQ OTO ; obe ,..,,.11 Mlclit awn;.., -~ ~ 0...Tech5:,"-Jllor,ltaa91,- ST.AllTCAAM.&OID! HtA 

high )'teld bentontt. grovt tlwry ond pressu109Jowng 
rneUtod. 

i LOOGm a't~ I... to.cy ORIWNO DAr.-a· 12/11/2El)3 - 1'21121200:S ::;:::::::::::::===:====~:::::::::::::::::::=::::::::::::::::::::======:::;=====~ 
f AMEC Ea,lh & Envlronmonll:I, Inc. & 

RP-Portland Slla/NApt_ E\/aluaffon n76 SWO\ltham Road ame ~ 
~ Po.u.md. o,ovon 

USA97224 i 0-4111,1-10703-4 nl Ttl •1 (5113) 631..1400 PAGli. 4 OF 4 
l L _____________ -1..:'::""::....:'..:'.::'503=:..> B21J.:=::719.:::z:..... ______ ___ ____ ....1. _ _______ _, 

LOG OF BORJNG 
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SOIL DESCRIPTION 

Dense, d.1rlc blown, medium SANDY CRUSHED R~K (FILL, 
3/4,fnch minus), rootf~ts in up;,cr6.0 inehos, scmo rG-d bric.k 
frogfnOl'lts: moist 

Poor roeovory duo 10 mixed (FILL) materials. 

Mixc.d (FILL) Cf)nststing of angular grovel (to 1.0-inch dfamete1) 
ins silty sand matrix, some red, fire brick fragmentt: w,0L 

Poor recovery due to coarse (FILL). 

Soltto m¢dlu-m sdff, dark olive-gray, sligb!Jy to modet9toly 
p!usfic CLAVEY SIL TISIL TY CLA Y;wet 

Strong odo! and lridoste>nt she-en to -soil and wa'Wr 

r· 
I 

sM loose, d3rk olive.gray, fine to very fine, poody graded SANDY 
SILT tntc1bcddcd wnh SIL TY SANO, micaceou:,.: $:11\l!'i1ted 

...i 

L· 
.Son to mcQium stiff, medlu.m brown with 9'l'Y mottiing OLA VEY 
SILT. mfcoeoous, v;et to -satura,ed. 

e "' w 
~ ~ ., .. - ii j;! ~ ~ 2 .. 515 :, 

:i 0 o::l 0: 

" >O: " 

0.8 

08 

0.8 

0.8 ,ii, 

6l 
" ill ;I 
°'> go: .. ~ 
0~ 

>- 5l 
:J> 
<( ffi ... 
~i~ 
>0% 

NEG 

NAPL DESCRIPTION 

G),ie bl.eb (approximatoly S mff\ 
d'i.lmotcr} defoctad on FLUTo l1norat 
12.0and 12.3feetbg::;, 

20-WLJ.. _ _JL._ _ _____ ___ _ ____ ________ L _ _ .:-.-=.,.,,,..,.JRLlK,,S:_t _ _ J.... _____ ___ _ _ __ -l 
BORlNG METHOD: Direct Push ELEVATION REFERENCE; Ci ty or POX Datum 

'fi Upon comptetion of soil.sampling and monitoring for NAPL 
~ BOREHOLE DIAMETER: 1.76 (in) GROUNO SURFACE ELEVATION: 36.58 feel pres.ence In groundWater, the bocehola was abando~ed usiltg a 
I? high ylf!-Jd bentonit.e-grout slurry and pressur'O _grouong 

0 DRILL RIG: OT G·E1op1qbe W11.'1:5 Mac.ro Samplor niethocl, 

CONTRACTOR: Geo-Tec-h EJCptorauonsJAyan STA~ TCARO!fAG 10 : WA ~ 
~ ~ i.:L:::O:::G:::G:::ED::::.B:Y;_:~S.:::B:::•:::•:::'c:!yL ______ ....::.o:::R:::IL:L:::IN:G:.D:A:.TE::.:S:.:' ..:'::=::::::03:.:.·':.:11:.1:.:0/2:::.:003::. _ __ L. ________ ___ ________ _, 

~ AMEC Earth & Environmental, Inc. 
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" !; SOIL DESCRIPTION 

I 
:, 

LA YEY SIL /$fl CLAY 

SN L,oo,o. gr~n. fine to vt:ry &ne. poony graded SIL TY --~ ..... ..., 
Ill· SoA III moo.,m m . ll;lit brown, ollghl!y pb >tic CLAYEY SILT; 
Cl V-«L 

$>.I LooM, llgl-•b<own, Jno:,..,ryl\n,o,pooc1)'gr.,OOd SILTY- - -
&ANO,..._ ........ ,,__us; satur.tad_ 

SM ....,._, lgln .,._.., b 10 medium ~ gr,ded SIL TY SANO, 
~no-.a,or,,Md 

~ ....... __ 11:.cen~~·~~~ . ----- ----
ML t llgN -Cl.AVEY SILT; mobl u,v.-.c 

1 . 
t-
t · -, 

-' 

SMT~~:.=~~pocr1yg.:;de<1si"fi- -
SAN0, ~ sa"""li!d. 

S!.1- MadiumsOff, f!ghi brown, ""9 "'""Yfine SANDY 51!.Tk> SILT; 
Ml we1. 
SM --L00$0 t# medun de~ . ~ m tMdium bro.wn, fine, poorfy 

itadod S4. TY SAf..1>, homogoneous: s:ni.ntod. 

Modetate SfW',e.n ar.cf oom to ~ - Od,.i;i ar.d Gheen 
dacresslng. 

Ml MeOlum w.f, l,gh1 b.own, slf_gh!fy pla= CL~ YEY Sil T wdh 
sM-. file&flml19~!Y~-.sa--~'119§\!19L- - - - - - - - ..,.--

Loose to medium de.nsa. Ug:ht brown. fir•, pootl)' Qr.ldOd SIL TY 
SAND homo_gc!IQOU$; sru:urated.. 

No odor noted be.law"36..5 feel bgs . 

6'own ClA YEY Sil T '""'" (4'.o4~ r,om 39.2..39.6 fH t togs._ 

;t_ i 80A.EHOl..E DIAMETER: 1.75 (lnj GROUND SURFACE EL£VATION.. a.u , ..... 

!l: 
0 

DRILL RIG.: DTG.-oprob• wl1 .7S t,1.ua o $,an,p lctt 

;;l 
~ CONTRACTOR: Ge.o-Tec.h Exptonrtlon1IR11)n STARf CARO/TAO CD: WA ,. 
~ LOGGED BY: s . Bourcy OAILLINO OATES: 1V9/'2003 • t 2J10/2003 

ii AMEC Earl~ II Environmental, Inc. 
r;; RP-Portl~nd Slbl/NAPL Evalua tion 7376 sw Dumam Road 
15 Ponlend, O"'gon 

I 

I! 

2.6 

2:.6 

12.8 

m m., ~ 

i ~i 0 

l3 ~= 

;@ 
.. B ... 
~:3is 
>0 -

POS 

NEG 

NAPL DESCRIPTION 

i 
IAodfum b«>wn, ovaJ b&obs (1-2 mm 
diam~er). approxim.1tety IK 
Oisseminated irctarstmstly U\fOL!!,nOut 
ftorn 20 0-22-.S le.et bgs 

edium bruwn NAPL-sm~anng to 
POS I and on lnslde of samP'e l'lner 

m 25.0-.26,5 loot bg• 

NEG 

ame& LOG OF BORING 
NB-7 

<( USA 97224 
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SOIL DESCRIPTION 

--gra)"b<......, r.ne tomedlum, l""'rly groded 
S&.TY SAND. ho_.,,..........,_,,,,, .....,,!Rd. 

''°~odors o, lhffn notlld 

J,IL Mt<Nl,.111, 0 .............. &ligtdypln:icC1AY£Y SILh•t> 
nee Yl,Y h •nd. fflllClceou,,. w.i. 

W 0.-ID...,,de-.l,gllltwowr\,llnolD- -"r 
graded SILTY SANO. ho--

GM-Co111Mum comc1i1111J .;.;;;,.i IO~. - _. 
1!1'19mo"" llo 1 l><nch •• .,.,.,,., • _,_ -

}JOTE: Qawrbea IOIII WINt .,.. gos WOgM ~ ..,. • 
Nmme.rad sa.mpM OLA-

--eor.a .... Mldr.-.l""'"•••O•w&. ........ -
bnll: lrag!'neflb,na ...._. ...._,..,.. .._,,,., ...., ... 
mot1x 

Tolll-•535._Dgl_,...._.,, ___ _ 

] -~ 
~ 

~ 

i 
~ 
~ 
~ ,;: 

----•• ca .......... CIIIJ8'T9l , 11 ~ 

&aVA 110H MiRMNC&. Cny., HUt Oawm 

OIIOUIC>-,ACalUVATlOII K.Ur..t 

D11LL. 11111. DT C - _,, H _.,. ........ 

~ ~T-* ._, M .. ,. &'TAATCAAOtfAO IO KrA 

1.l 

o• NtO 

I 

RSMAAKS: 

NAPL DESCRIP'llON 

'NDTE -•l-CWIIM&••o ........ 11 ,, .., -------·-·-· -..-...--........ PM(.F $ illftllf _ .. _ 
OalZ.~00,---............. .., 
kAl\.a;.wa, NH 

,...,.._ ... ,.. .... d ... .....,., 
p _..,... • ......,. .. -

Upon c.omp4ttion or t;04I sampUng and ~ tor HAPL 
prne;nce In oroundwatfl1 h bor9hole \I.ti amednnod using• 
llltgh yield ben10nlte grout t.lwTy ud prenvre 9(0UDOG -·-

? UM11111t n a..._., OltLUHO DATU 1W200> • 12t1Dt'200J 

f;:=============:::;::===:::::::::==============:::;:::::======:::; 
AAIEC larth & lnvlronm.ntol, Inc. amecti m, JW Durham .-otcl 
roni.ncs. onogon 
USAt7l2• 

LOG OF BORING 
NB-7 

PAGE 30F 3 
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-.oue~ 

- ....... -._, d;"'1 imo,:Q.AYEY SILT {FIUj _ .... .,. .. _, .... ____ __ 
1'1119--

51' -Loo .. --.h .. -."°""fgr>ded~t«) 
tf1LL).- No--

SP-GrlcintolooM.-gqy.- -~si,ii;,-
trlLL) 

ML· - Giaiiot ID wvistu OMllVE 1.Ad'IS!iitE cOosiffi. - -
Ct,_ tome orgAnG Ind nttu! .. wood mtw.l, ..... ltd.. 

-..,...., ._..,_ ... ..,, ,,.. ____ to,,. ...... 
CIAYEY SILT ID SI. lY Q.AY, mo111 

~ CK cw,._ gray _ra,oly101iigfvypli•tlCl1LWCL.(v 

IL - Gd4el to~ lf.ltf bght Dfown wdt\ 1,on-o,i1d• n,oul1no 
- tvoughoul. aJl;l\tly plnlle Cl.A YIY SIL r. 

-1 1 
---nc.wryh 11.nd. rno.111 

i 
I "' 0 I'! .. 

< z 
0 

2i ii ~~ ~~ NAPL DESCIUl'TION z u> <sj ~I ::, .... 
Ii! 3: !=! ::,: ~ 
0 o ec ~o~ 

00 

o• 

NIO 

07 

':!-20-..l------------------l.-L..l..-r;;=;;-'------ -------1 ..._ .. IMA.JIKI 
! ----· ILIV~TIONIIC,(lllHCIJ cny«,oao.,um 
c Upon c~tuon ot sea ~ and rng;n1:onng fOC" HAPL 
!_ aoRSIO(..£CIIAlilET8l; ,nen.1 OltOUNOIUf'PACIILIVATIOH n1or.e1 p,ntM•IAlfVIHMtWlitllf,OMoOOl'..,..W:S:Stn 1 red1.51D11• 

hlth yN .. btmonD IJOUl stwrr and~· grOdtiftQ 
:- r:au..a.- 01'? Obil:•'17'&.IKre....., fflltlhOd. 

; CONTaAC1'0R. Qriai>.rtc1111 ,, a !ftya aTA"-T ~AO ID "'1A 

! 1;•;!:00~~~ED~·T~·_;S.~-~~Ct~-----_!°""~~-~=-=IIA~lU!!!'.....!,l:lrl~·==-=:..:•.:.l•:::t::•::-=~-..J.---------------==--: 
~ AM!C ._ a (m,lfQllffltflUI ll>c. 
f RP.florlland Slta/NAPL Evo!W1don 1m aw cu- -
I! l'o-O-

USAl7224 amec!Y LOG OF BORING 
NB-8 
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i § I E I SOIL DESCRIPTION 

I i 0 

Ii :; MVQ!Um IC!tT_ tll"1Wtl With lfoo-oxlde and gnry moi:r,ng t11gnt1y to 
f'DOOlr••'Y plastic CLAYEY sn.. T with trlCI wr, tine and -l 

.... 

I 

I 
.... -..,_,...,.,..,~plhllcQ.AYeYSllT"- - - -

-·•1f w 1 "--••-wk•-•""" ---- -

..... "" -...;o...-..;.. ... - ,~-.r;...,.- ---
11 

Q..- s1Ca.Jllll'l5~Yi.YAT----r .. - - ----~• W ~ ..,. _ __ _,_a_yy....,.40 ....,_ -wli.-...... _.= ....... .....,---6:A,.EYS&.""f----
--' -SM - i:-o'.ii,,, .,;, -.,. io ;;.y.;.:-....., i,iiioci ii. TY w.o 

I t £ • 

I 
,»-, 

I .... 

~ ~l~l li---.---. ....... -w. .. -, ... "ia'ilii,---
-Q,AT(YR.T , _,_1<2.0 
~ .'*' ,, r--,11&•.-s 

I ... 

I: DRILL JUG• DT Geopn:,be...t1.7SMK.t0 &lfflOMI 

i COH'TRA.CTOft G.crTKb£1:pkitilliO(at.tl:)'INI STAJl'Tc:AIID(fA.00- h-:A 

-

• 

I 

01 

' 

03 

tlEO 

! ~LOOO:=::c::::••:·:L::::•:°'"":::::::== ====........,.=;::::::~:ffS::::· :•m:::•:aw:::·:=:::•:aw::========= ==:;:========:::::: 
~ -c e.n11 a EM-taL lttc cO 
> RP..-Und &llr/NAPL EvaJuaaon n7' SW Du- - ame 
p_ ,onwtd. Oregon 
~ USA97l2A 

LOG OF BORING 
NB-8 
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SOIL DESCRIPTION 

~ 
l'j ~ 

0 
g 
~ 

SM SUong phenol-flko odot ,,om ~O 0,.46 O fo.-et bgs.. 

-
I 

~, Mi1Stii:J1111~1ni ;;;.;;;iyfine SANOYS1LTwilh iroco clay -
mobt. ~- ------ ------ .... 

1 SM Medium dt"'41, J,ghlgr.,y,!ine,pootfygra~d SILlY sJil,/f5,- -
homogonoous, m:lc&lcoous; saturaed Phcnol-fike odor - . 
lhJ o ughClu1 but no a pp:uern 'Stlee11 or HAPL 

~ 

~!¥:::C:llitr.ti:OJoJ.§:1!!.IJ..!a.i•.tl~LJ:- _ ---__ __ :: :;-
-- .,, Grade$ to medium tr> cc;.u:.e SIL TY SANO with nne, , 

• ~ GM- '11A!!&!!ld!.d~.!!.!l!l'~I.J.I Q.'l!.l, ________ ___ , 
t)._ l GP Vorydenw, bbe&:and brown, 11ngul:.r, vo11cu1:11r bacan with 

. q some lira a, cosne s::ina in:ltllng (broken bud or angular 
o' sanoy gravel) 
• 

_Do . ( 
•• 

-)0 

o• 
' .. i(L;Q~:....::....:~~~n~Q~ai'i.mn~1u·~·!llli-Q·,r ~-~be~~hi"i9~--=~---

TotaJdopth • 500 IO<Hbg:. due io f£>~incom_polltllbaAIL 

-

-
-

-
-"..&-

I 
j ~ 

,. 

- . 

- NEG 

2.li 

NAPL DESCRIPTION 

• NOTE: Sc:om of 3 ~ndl drtYe 
~ !.Ol-al--44.0 i.et bgl-; 11mportuy 
sttlnloss "12•1 - l)Oinl $Qttnc<f 
from 46.0.50.0 fN1 bgt. 
AJJawocl gro1.1nc:twollf 1D ttabllizl! 
ovomlg:h1 p,-io, 10 mon.a:oring for 
pro~onc:o of NAPt... 
On 12/1GJ031nortl3' purnpin..o 
methodl:I woro U$0d to monitor for 
NAPL hi Q!Otmdwatar • 

NAPl w.u not kfonl111ed; howai:e1, 
o,oundwi:ia.r exhibih:d a strong odor 

~ 
& 1 I ~Hill-'--''--'----------------------'---"--+..,=,i,.,=-----------------i 
i BORING METH.OD:- Diroc, Pu1h a.E'JATIONR.EAll£NC&l City of POX Oat\lm REl'NI.RKS: 

i .z- BOii.EHDLE D&AMITER: 1.75 (int GROUND SUll'ACC e1.£\IATION.: 37.70 1*1 .. 
= . .ORll RIG! OT a.optoM w/1. 75 r,\.'Kro sampler 

~ 
~ CONTRACTOR.: 0.0-Tech E.l,plontions/Ry;m START CAADITAG 10: HJA 

Upon c.ampletton of sol ampUng-and rnonll6r1ng fot NAPL 
pr .. •nctt 1n graundW.Z:tfH, the bote:bme was a.bondon.d ut:lng a 
high yl•ld tM.ntonh grout shmy and JNHS«e g:tout1ng 
..,.u,o<l, 

! ~L::O::Q::Q::El)::8::V::!:S..:::::9o:::•::"':"========D::R::IU.=IN:Q:0::A::Tli:::S::::1::'1J::l:S/::'200=3=-='::v,::::Sl2DC»::::::::============:::;==========~ 
~ AMEC Ellrtll & Environmental, Inc. 
~ RP,Portlond Site/NA PL EvaJuadon 7'76 SW Dulham Raad 
~ PonJand. 0.-egon 
~ USA97224 ame& LOG OF BORING 

NB-8 
: 0-61M•10703-0 T33 Tel +1 (503)639-3400 
~ '-----===---=--- .L..:.F.:..ax.;,...•1.:..l:.;503;;.:..:l..:62.:..0-':....;.78:..:9..:2 _______ _______ ..... __ .;.P_A_G_E_3_D_ F_3 __ ~ 



., e "' 0 • 0 0 ~ ffi ., '!! 0 0 !i: < .. 
" ~ .. is a 

E: ~ SOIL DESCRIPnON ii~ NAPL OESCFUPTlON 
t 

!; ~ I=.: z 5i .. .. .. :i~ 
:, 

<L ~ 51 ~ 0 ii w OU< "' 0 0 " .. >« 0 >0-
0 r. GM .. Mind MflM IO w,,v dense. mottted dork otNO groy,brown. 

GP mod.lum10 QO~a_ a.ngu!arSIL TY SANDY CRUSHED ROCK 

t 
(Fll.Ll ond ..,....undadGRAVEL (Fill.I, moiot 

OD 

~ • 
•' 

5 

L\l- Sl:fl. O'.edium brown';' ,11gli"'Uy ploo11o Cl.A YEY SILT (AU), 
CL micxoous: mollt. 

GtJ f.li':r-ad rna:t:r.cf arcon"11my°iobrown SILT~ SANO, and meci\ftt to 
ftno,, OflQIUt 10 IOUnde<i GRAVE!. (FILL]; O>OISL 

Ml IJOlf""'I 5d. 'GIU c,ewn wlti1 l1an.olido mottling, ~hdy ~ltrJ,c 
Cl.AY[Y SILT, ~o.us.. t""ace verviino S:and: mo at 

0.0 

ML· Mocbum 1til'f, llgnt arangish. bn:Mrt Wlltl~ict., l'ln• to very 

4 
SM !no S>.NOV SILT, mlQCE<>US: mot.t 

10--
SA t.oo,e, flghtbrown, fine to varyflno,poor11gradedS1LlY 

SAt\10, mlc.:ieco~ morot grad11"1i to we1 fat 10..0 feet •l NEG 

SM- lntafbedded 11:ght bfown, ftno to vOry liM if LTV SAND and 
ML SAl'lDYSILTwl#I hCO c~v~ WGL 

~ 

00 

I Ml·± Medium .oll, 1!1111-. slg'"hiiy IO -..,lely plaGtit CLAYEY 
I g_v SILJ JP ifJl.1Y-Clol\'.!:%o.Ja __ _____ 'ii.ii _ 'fr-- J-

" S.M Looso, gh11itown,ftrw10w,ylno,-,tygr., Sil 
ML ,?.~Q.Jlolll'lil~ Ul!;Jfi - - ______ - - _ 1 

l!ffll:t!I 

Mt1dlum 1trlt', l1gtn brown, non.pb:Slk:SILT. me;a;;eoua.. nee 
5- cl1y 1u,d VGrf t'lno s:.nd, wet !D saEaed 

SM ~~ browrt, ·fine to vory fino, poo1ty grodod SILTY 
SAN), homoganeous: saturated. 1~ 

-. Mac"1um - .. - . logN brown, olighd~ plaotic CLAYEY S!L T 
Cl w:rh nte ~ h s:1111d. wel 

btu:noge ne.om., micact.OUS". wtutot.d 
SM t Looso .. li¢,!.gr.,y.-n. llM poorly gl'lld«i SILTY SAND, 

~ 
! Hao!C>-AJ!.N.LO.IMET--H-0_01..:_0_lr_e<_·_• e-.-,-.------EUV--An_o_N_R_EF_ERSN __ c_e:_·_c_1_,y_o_r_p-'o'-x-o-.... ,.-m.l--i-::IID::::::::, .. :::,.::K;:;s.::-. -'------- ---------"1 
,J Upon c:otnpl~ at sotl .umptin; •nCI monuo,tng tor NAPL 
i BOREkOLE. ou.r-.ETE.R.: 1.75 (In) GROUNO-SURFAc.e ELiNATIOH: 37.f,8 foet p1ese.ncc in grouoctwattt, Chi borehole was abandoned usln1;1.1 
i: !dgh yield bentonl.te gt out t..luny ano p,Hsure grouting 

DRILL RIG: OT Geoprok wli.75 M.lcro S11mpJ11, molhod. 

CONTRACTOR: Geo-Tech l!li:pl0"1tiOn1.-/Rytu'! START CAllOrTA.C 10. liUA i ~ l.:LO:G:G=ED:.:B::_Y·;_· ,:S.:;9:•;:"':.,Y::._ ___ ___ _:O;_R::IL: Ll:M:.G:..:DA.....:TE:.S:!_1::.211:.;.:"200>=:......:· 1_c2/t:.;.:7_cl20Cl:_ _ __ .J-_____ _ _____________ -J 

~ AMEC E.arlh a E.nv1runmenta.1. Inc. 
~ Rf'-Por~and Sltl>/NAPL Evaluauon 7378 SW Durham Road 
Ei Portland. Oregon 
~ USA 97224 ame& LOG OF BORING 

NB-9 
i 0~1 M-10703.0 T33 Tai •1 (503) 639,3400 
&L.--------------L.:.F3=..+;,;1:_:(::60:;3~),:6:;20;_·7;,;8;,;9,:2 ______________ _,_ ___ PA_G_E_1_o_F_ 3 __ ., 



i 
s 
I 
i 
t'. 
&' 
u w 
~ 

j § 
!, u 

; I 
" 

j 

1 
...,/ 

1 

Jj· 

j 

.J 
0 .. 
! ., .. 
~ 

SM 

SOIL OESCRIPTIOI'/ 

loose, ligtit sray-brown, firie poort)' gtlld9d SILTY SANO. 
hcmogeneow. mle1>cco~. SON11100 

Light gmy-brown. fine to very fino SAIIO; .atvr~ted 

Ml. Med'"ium ~ . ~t brown. slTghtfy pl.:it.& to f'On-pta'1X SJl. T 
Wl:h setM Mty W und. mol--:.t lo wel 

SM Mea"'m d<IISO. foghl gray, r.no, poorly gradall SUV IWIO. 
homogeneous: mob.I IO wot. Lon ml)i$tule t:tun 20.0.-23 4 fett 
bg$. 

ML Modium stiff, medium green-gray. sligh1ty pf4$1lC SILT, 
m1c:at.0ouc:., tt.)¢0. day 31'\d vory ftM t.tnd, mom. m weL 

~[. J: 't•!tw.!l' !fi!l4 n;i,g["!!! mu: §!ol'IJlJ'. §!',!.~ _______ , 
S..tv.1' l..oOM 1D modlum ~ . light gray gn1d1ng to llgh.l bc'own, Me 
SM 1ovoryOno. ~,tygl'l)l'je,d S1L TY SAND; 5al:Ut1tod 

U_gln gray-brown, fi-ne to¥tty tino SILTY SANO, llomogeneous, 
saturated. 

Loose, tight brown,fino, poof1ygrade4SIL1Y SAND, 
homogeneou,., mlaeaoll\. uturated 

I 
a:: 0 

~ w z 
0 ~; ~ w., ..... 

~ 
w< 

~! .. NAPL OESCRIPTION 
i::i!i z 5~ .. g~ :, 

I il .. ~ "l!I"-
0 § ~ ~o~ 

D.3 1 

NEG 

0.5 

~ 
t ~o-..LlL-~--------------- - -_JL...L...1..-+::R:EJM=ftll!=S'."': ..1------ -------- - -J 
1M" BORING &ETHOOt Dir«t Puth a...EVATION RUStDICE: City or POX Datum 
". Opon compte~ of ioll umpUng allG mon.itonn,g klir" AAP\. 
3 SOREHOLE:DIAMETER: 1,7S nn) GROUND SURFACE t:L..IEVAllON: 37,58 ffft prennc:e In (ltOUl'ldwater, the ~hole~ •bandoMd using a 
i high ytald btnlonne grout slurry and pressur• grouting 
~ ORILl. AJG: CTGeoprob< w/1.T! Macro_., """'od. 
~ COffi'AACTOR~ Geo.TKt\ e.plotadOMlfltyan START CARD/TAG ID: NIA 

~ 
~ LOOG!D BY: S. Soutcy DRll.LlllG OATES,: 12116.r2003 • 12117~ 

g AMEC Earth & Environmonral, Inc. 
::1 RP·f'OrtJanO Slllt/NAPI. Evaluation 7376 SW Durham Road 
~ Portland. Oreg.on 
ft USA 97124 ame& LOG OF BORING 

NB-9 
~ 0~1M-10703.Q T33 T•I +1 (503) 639-3400 
} L ______________ J..:.F.:a,::..;.+1:_(:::503:::!)..:6.:20:.·:.18::9::2~ ---------- -----'----P-A_G_E_2_o_ F_3 __ .., 



§ g I ! fil 
z ! • ; ..J ~e I i ~DESCAn>TION i ii I ~i Iii 

b'l>-'-':'T'-.-i5.,,.~----------------.L-= 

~: 
Mi. 11Ai.'~~-:-.~-oii ... s1(T;.Ji n..cir; 

- Ind Vll"f lnl •nd. 8IOlll,_ 

GP- ilor,....,;.:-.-.,;;~,n,.. .. ......., -wij,;- - -
-/..•O~· GRA\lll 14>!*•0mchncon>mOl-°""'*Pvcl~ q,, t .!Mrldt dla,ne,111,J thtn r;rodo110 .,.._,. Jl,IOilngullt bosolt I 
.. o g,».t 

-,,() 

1 

---iy ,.o:iil,.;ed IO_.,,,,._ .... *iircli OKhlblll - -
pro.ouncod rollc .. ...,. 111...., la bole (-IH) OOnllMa ol 
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BORING PP-6 

GEOLOGIC LOG 

Ot!ICIIIIPTION 

ML ~~~0J:rssi~1;w{i~ti.~ f!UaE/iT:i 
C()IICII.CTI: 1t1,m( 

,u, TO &~OollOSoll WT CI..AUl SILT wrTH 
llAO,oltllC ~TtRIA.l (SOf'T '1'0 "-£DIii! HUT) 

WELL PP-6 

,-------
SllT 1111TH &tJCl 

FIIAliMl;NIS 4110 
all l!UAl5 

'---6 l~Oi til».ClU 
OUlllll llbl.{ 

-l 111:H 0JM£1H NIGi ll£1!51H 
P(UCTIITl,-El!f CASI"' 

-Bn!TCWIIIT[ • U'IElff GICIJT ~EA.l 

LOG OF BORING 
AND 

MITE: WELL COMPLETION DIAGRAPv. 
DISCUSSIQl HI nu HIT Of TMn trl'OIIT "' Ji[[[$$Aaf 
fOlt J. PIU'UI LIUll5.1Mll111' ~ '-laS1.lllo\CL awlllllml 
llll[~[O tf TN[ IOJ:IMa. PP-8 

a.a•••., •oo•• 

FIGURE A•49 



Project: Rhone Poulenc RI I FS 
Project Location: Portland, Oregon 
Project Number: 5292C0804A.DO 00045 

Well LocaHon SNSF Property, at CPT -26 

MONITORING WELL 
CONSTRUCTION LOG 
FOR WELL RP-01-31 

Installed 2{10!00 Time 0920 

lns:aned Cascade Inc. G. Lukert Depth 31.5 teel 

Method of 1nstal!a!J<Vi Air rotary rig, annular material placed with trnmie 

25 • 30 feet bgs Co11pleti<,n lone Shallow AJluvlum Screened interval 

Remarks Refer to Log of Soring RP*01-31 for sampling data and lithology, 

7-316 

~

·- -- --
repacked Well Screen 
0~40 sil\ca sand 25-30 ft 

E1evaUon of Top of Riser Pipe: 

Depth of Sorface Sea/; 

__ _J Type of Surlace Sea\: 
I Concrete 

: IDIType of Riser Pipe: 
'-~·- · -------L2-inch-dl~- Schedule 40 PVC 

__ I Type of Sackf1II: 

I Bentonite chips_ 

' . ' . 

~-~ 

! 

r•~--' -Depth of Top of Screen 

I •I ' 
f :_::::f! I 'rypeofF1l!;,:-Patl".- ---------, 

r_ ~"l_ ... ~--~20-40 s1hca sand ?3~25ft, 10-20 sllica sand J 
~_, :cf:t -! ovts1de prepack 
·t_§§· _~_--L--1 ~---------- -----------

f' • .1,' 
i:· ·t _JIDl"i"ypeofScreen; 

:- -n),·--tl;f 2•inch .. dia. Schedule 40 PVC 
- r;· 

r: :1 

[, ~I H---~a Depth of Bottom of Sc.-een: 

I -: -. --~" - --Oept'1 of Bottom of Plugged B!anK Casirg: 

~ · · ·· · ~ ~ fTYpe of aacii.fill or Sea< Be1ow Well: -----/ 

: l . .10·20 silica sand (last s~_!:lflled intervalL___J 

: Screen Slol Size: 

I 0.010 inch 

--: otal Depth of Boring: 

2.5 ft 

23.0 ft 

23.0 ft 

25.0 ft 

JO,O ft 

31.0 ft 

31.5 ft 

f, NOTE: DIAGRAM IS NOT TO SCAL~ 
w 

E 
1---------- IIIISSrellltlr WoodWard,.,,_ ________ _, 

-
1

- R.i./ 01,-3 l 
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\ Project: Rhone Poulenc RI/ FS 
,ject Location: Portland, Oregon 

'reject Number: 5292C0804A.OO 00045 

Log of Boring RP-01-31 

Sheet 1 of 2 

Date(s) Drilled I 

and Installed 2/10/00 Geologist G. Lukert Reviewer 

Drilling Ail' Rotary 
Drilling Cascade Drilling, Inc. Total Depth 31.5 feet 

Method Contractor of Sarehc!e 

Sampling Grab from cuttings, SPT split spoon 
Hammer 140 lbs / 30-inch drop 

I Tap of Casing Nat available 
Method Data Elevation 

Screen Approximete Size and Type 2·inch-dia. Schedule 40 PVC 0.010-inch slot (25-30 feet) Not available 
of Well Casing Perforation Surface Elevation 

Seal or 
Backfill Bentonite chips 2-23 feet 

Groundwater 23 feet bgs on 2/10/00 A TD; water equilibrium at 23.77 feet below TOC an 3/15/00 Level(s} 

SAMPLES 
Cl g'ai' 

aiC --cu- e~___...J] 

~ =le'_~.~ i ~ [ ~ -iSJU 
"' - ~VI ;,;tO.. :.c Q(/,} 

MATERIAL DESCRIPTION FIELD NOTES AND 
WELL DETAILS 

ru"E E-~~ si-gci ~ :gg 
! ~ 8l ~ ~ ~-~ ~ b (5 s 2. 

o+-=--+-.::.:_-=-=--+=+:=-=:+---=----,----'-'----l--=s-urf--;a-ce----,C=-c-n-d:cit~;c-n-,-: _c_ru_s~he-d-,---rc-c~k------------H,J -inch-dia. steel 
protective casing 

Concrete (0-2 fl) 

s 
NA 0.0 If ML SILT with sand; olive (SY 413), medium plasticity, -15% sand, 

7-3/8-in.-dia. 
01 NA borehole 

damp, no odor 

2-in.-dia. Sch. 40 
PVC riser (to 25 M) 10 ----~------------------------------

02 NA NA 0.0 ML SILT; olive (SY 4/3), medium plasticity, no sand, damp 

"' 

15i 
Bentonite chips 
(2-23 ft) 

03 NA NA 0.0 
r Becomes low to medium plasticity, dry 

l ~'.,;: 

,, 

201 04 NA NA 0.0 
L 

~ i 
"i 

,, ;/1-___ l _____________________________ 
ML SILT with sand; olive (SY 4/3), medium plasticity, -20% very I , 20-40 s1hca sand 

fine sand, trace clay, loose, wet 

1 I t(23-25 h) 

I i - Prepacked well 05 2-3-3 
' 

18 0.0 l I g l screen, 20-40 silica 

I ~;ity SANO: cHve (SY 4/3). fine, low p)asticity fines, loose. wet, J f sard (25-30 ft) 

a odor I tl 
2-in. dia. O 010-in. 'i· I 

J.1 : I t I slot Sch. 40 ovc 
~ 

irr t 
··:,:: {: screen (25-30 fl) 

3J 
'[° :-"t·r10-20 silica sand 

d:.'.·:::: ·I -S ,_r: outside prepack 
·h -· I o·f-.-, 125-31.5 ft) 

URS Greiner Woodward Clyde 
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I Project: Rhone Poulenc RI/ FS 
nject Location: Portland, Oregon 

roject Number: 5292C0804A.OO 00045 

SAMPLES 
a,-

I a, a • 
C we 8 E 0 _J -c 
0 _J -~8 u -- c=, 'iii .c " l~~ m a. u g'u, c.- • • g- a. E >- -" 15..iii II) >• 
• ID •• ID E o• -g <( C. aU 
W2 0~ E'ui ~ u.c ~ .c U) 

~ ~ rn • o mu •> -~ ::i >-- z C/J cc: ::c o:::.E IO ('.) _J-

30 
~ 06 i 3-3-2 12 0.0 Hfr~~~-

I 

J 
~ 
1 

40-

. 

45-
I 

-

50-

55- I 

-

I 

SJ 

1 
I 

I J 
' I 

I 
65 I I I 

Log of Boring RP-01-31 

Sheet 2 of 2 

CU 
a --

MATERIAL DESCRIPTION :;:: rn FIELD NOTES AND 
"E_E WELL DETAILS = E Ill 

• a .c 
~u~ 

Sandy SILT·, olive (SY 4/3), fine, loose, wet 
------------- - - ----------- ----· -- •: 

}~Sump [30-31 ft) 

SILT: olive (SY 413), trace sand, loose, wet _., 

Bottom of boring at 31.5 feet. j 

r 
i 
1 

f 1 
j 

t i l ~ 
~ 

-

j 

- -
I 

f 

~ -

-

t 
-

~ -

r ~ 

f 

I 

l 
l 
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Project: Rhone Poulenc RI / FS 

Project Location: Portland, Oregon 
Project Number: 5292C0804A.00 00045 

Well Locallon BNSF Property, at CPT-26 I Dale(s) Installed 

MONITORING WELL 
CONSTRUCTION LOG 
FOR WELL RP-01-51 

219/00 Time 1600 

Installed B~ Cascade Ori1!ing, Inc. I Observed By G. Lukert 1
1 Total Depth 51.0 feet 

,£ 

~ 
~ 
f, 
o, 
<, 
;: 
00 z 
c; 

~· 
w 

Methoj of lnslallalion Air rotary rig, annular material placed with tn~mie 

Screened Interval 

Remarks 

45 • SO feet bgs I Completion Zone Deep Alluvium 

Refer to Log of Boring RP-01-51 for sampling data and lithology. 

I 

:.. ' "" ......... .. .. ·- ;, .. . . . 
• .. '?- '_j ... 0 ~ '?- • 

" ..... <I" .. ~ "' .. 

Boring Diameter: 

7-3/8 inches 

. ,, 

~-----Elevation al Top of Riser Pipe 

1--Height of Riser Above Ground: 

Ground Elevation· 

IDrT)1pe or surface Casing· 
6 inch 5tee\ protective casing 

h of Surface Seal: 

e of Surface Seal: 
LConcrete 

~:,1-----f DIType of Riser Pipe· 
l3:_inch-dia. Schedule 40 PVC 

Type of Badifill: 
Aquaguard bentonite grout 

Type of Seal: 
f----l(same as backfill) 

P'4of----Depth of Top of Filler Pack: 

I 

J 

F~H-----[Depth of Top of Screen: 

Prepacked Well Screen: 
20-40 silica sand 45-50 ft 

Type of Filler Pack: 
oe-------,20-40 sJlica sand 43-45 ft; 10-20 silica sand 

outside prepack 

I 
1 Depth of Bottom of Plugged Blank Casing: 

1:;~ !Type of Bac~fill or Seal Below Well: -, 

/ [~ applicable __J 
L__ Total Depth of Boring: 

!• NOTE: DIAGRAM IS NOT TO SCALE 
z 
w 

~ ~L.----------------- URS Breiner Woodwanl Clyde 

-

2.5 ft 

2.0 ft 

43.0 ft 

43.0 ft 

45.0 ft 

50.0 ft 

51 .o ft 

51.0 It 
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I Project: Rhone Poulenc RI I FS 
roject Location: 

roject Number: 

Portland, Oregon 

5292C0804A.OO 00045 

Log of Boring RP-01-51 

Sheet 1 of 2 

Oatefsl Drilled 
and liis:a!led 2/9100 

Drilling 
Method Air Rotary 

Sampling 
Method 

Grab from cuttings, SPT split spoon 

Size and Type 2-inch-dia. Schedule 40 PVC 
of Well Casmg 

Seal or 
Backfill 

C 
a 
~ 
>-
ID ID 
LU2 

Aquaguard bentonite grout 2-43 feet 

SAMPLES 

"' v· !:: • a 
u·-

" 
u E --' 

IC :. !2:::: (D • 0. u 
ii- ·= n:J - • 5:- a. :c .0 c.. iii <II >• 
ID W ID E o• " - 0. 
o.!1! 0. E·~ 3: u~ ~~ ~ >-" o ID 0 OU 

rZ Ul 0:: :c 0::::.5 IO (!) 
0 

. 

~ 
5-

~ 01 l•f 
NA NA 0.0 

- .··.:·: 

1··.· 
r 

10-
~ 02 NA NA 0.0 

'1S- ~ 03 NA NA 0.0 

20-

25~ 

~ I 

i I 
3o 1 I 

Geologist 

Drilling 
Contractor 

Hammer 
Data 

G. Lukert 

Cascade Drilling, Jnc. 

140 lb!i / JO-inch drop 

Reviewer 

Total Depth 
of Borehole 

1 Top of Casing 
Elevation 

51.0 feet 

Not available 

Screen 
Perforation 0.010-inch slot (45-50 feet) Approximele 

Surface Elevation Not available 

I . Groundwater 
I level{s) Not measured ATD; water equilibrium at 22.09 feet bgs on 2110/00 at 0800 

o,-
aw 
--' -0 
u a 

MATERIAL DESCRIPTION ·- (.) 
g'u, 
:g~ 
5::, 

Surtace Conditions: crushed rock 

-
ML Sandy SILT; olive (SY 4/3), wiU, angular gravel (crushed rock), 

damp, no odor (FILL] 

~---r-----------------------------ML SILT; olive brown (SY 4/4 ), medium plasticity, trace sand, slightly 
micaceous, damp lo moist, no odor 

-,Becomes olive (SY 4/3), damp, no sand 

§.~ 
=: rn 
°E_ E 

=E1 
ID au 
;;: (.) "' 

lrS1 

-

-

-

-

-

- :< 

-

-

-

-

-

FIELD NOTES AND 
WELL DETAILS 

--o-inch-d1a. steel 
protective casing 

........-Concrete (0·2 ft) 

--7-318-in.-dia. 
borehole 

-2-in.-dia. Sch. 40 
PVC riser (to 45 fl) 

.._Aquaguard 
bentornte grout 
(2-43 It) 

;:1 

~'-------------------- URS Greiner Woodward Clyde----------' 



Project; Rhone Poulenc RI I FS 
:oject Location: Portland, Oregon 

reject Number: 5292C0804A.OO 00045 

35 

40_; 

1 

45 

1 
1 

55~ 

j 

"1 
' ' . 

SAMPLES 

05 

Log of Boring RP-01-51 

Sheet 2 of 2 

/ 

2-in. ~ia. Sett 40 
PVC riser (to 45 ft) 

Ac;uaguard 
t:emonlte grout 
(2-43 ") 

20-40 silica sand 
(43-45 ft) 

-td::t 'r.-Prapa;::ked werl 
screen, 20-40 silica 
sand (45-50 ft) 

1 

j 

2~in. dia. c.010~:n. 
slot Sch. 40 PVC 
screen (4S~So ft) 

~::;=.:I._ ____ _ 

~ ss,--_..!... __ _t _ _;__;____;_ __ .'._ ______________ ....... ______ _L __ ;___ ____ --i 

URS Breiner Woodward Clyde-----------' 
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m, 
0 

•: 
~ • a 
u, 

,: •, 
~ 
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l 

-lf · C·I · l£ S 
:(; '~- i!i. • ..l} -'i/ 

Project: Rhone Poulenc RI/ FS 
Project Location: Portland, Oregon 
Project Number: 5292COB04A.OO 00045 

Wei\ Location BNSF Property, at CPT-26 [ Dale(sl Installed 

MONITORING WELL 
CONSTRUCTION LOG 
FOR WELL RP-01-65 

2/8/00 Time 1630 

Installed By Cascade Drilling, Inc. j Observed By G. Lukert I Total Depln 66.0 feet 

Method or Installation 
~-

Screened Interval 

Remarks 

Air rotary rig, annular material placed with trnmie 

59 - 64 feet bgs I Completion Zone Basalt 

Refer to Log of Boring RP-0'1-65 for sampling data and lithology. 

.. - " .. - .... - . 
.,., " . .. .. ~ .. .. . " ~ ~ 

-----,Elevation of Top of Riser Pipe: 
~-+--, 

;----Height of Riser Above Ground: 

-' 
'4-------Grour.d Elevation: 

' " " < .o " I ~ " f .o ., I • .. __ ... __ ., __ .. __ 
~~-~~-~~-· • . , IOfType of Sur1ace Casing: I 

I Outer Steel Casing: J 
l~-5/8-inch·dia. steel to 50 ft 

Inner Steel Casing: 

7-3/8-inch-dia. steel to 52 ft 

Depih or Top al Bedrock at 51.0 ft --

Centralizer: At top of screen 
and at 20-ft inter"'llals above 

l~onng Diameter: 

~nches below 52 ft 

NOTE: DIAGRAM IS NOT TO SCALE 

6-inch steel protective casin.~g~ ______ J 
Depth of Surface Seat 

~of Sur1ace Seal: 
~oncrete 

__J \OfType or RJSer Pipe: 
~h-dia. Schedule_4~0~P_V.c__cC _______ ~ 

Type of Backfill: 
Aquaguard bentonite grout 

Depth of Seal: 

=cc_--jType of Seal: 
~onite chips 

.----!Depth of Top or Filler Pack: 

F4 . .--+-----Depth of Top of Screen: 

,C.j-----jType of Filter Pack: 
10-20 silica sand 

1orrype of Screen: 

<f==+,.;,_J------~2-inch-dia. Schedule 40 PVC 
Screen Slot Size: 
0.010 inch 

L...J.CC:+----IOepth of Bottom of Plugged Blank Casing: 

~ W Type of Backfiil or. Seal Below Well: L 10-20 silica sand 

otJl Depth of Bonng: 

l 

2.5 It 

2.0 It 

53.0 ~ 

56.0 It 

59.0 It 

64.0 It 

65.0 It 

66.0 It 

·~----------------- URS Greiner Woodward Clyde---------' __ _ 
-r:;,C: ,-,.,•, l-'1;·; 
\\~ .... __J.- ._./.,,,, 
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Project: Rhone Poulenc RI/ FS 
'roject Location: Portland, Oregon 

'roject Number: 5292C0804A.OO 00045 

Log of Boring RP-01-65 

Sheet 1 of 3 

Date(s) Onlled 218/00 Geologist G, Lukert Reviewer 
and lnsta0lle:cd~---------------~--------

[ Ori!iing : Dndirg C Total Depth 66,0 feet 
i Met~od Air Rotary : Contrac1or. __ ••_c_a_o_11 Orilllng, Im;. or Borehole ------- -------- ---' 

Sampling .Grab from cuttin'1s, SP'f sPiil-$poon. I: Ham~-~~ 140 lbs i 30--inch .drop___ ': r·ap ol Casing Not available ! 

Method J~iston .. <hiven split spoon ......... j Data -· :.::.E:::l•::.v::.•<:::io::..nc_ _____________ _, 

Size and Type 7~:va~inch-..d!a. steel casing to 52 feeti Screen o.o1o~lnch slot t59-64 feet) I Approx,mete Not available 
of Weii Casing 2-lnch-rlla. Schedule 40 PVC I Pert.ration -------------'--'S-'u'1-'ace Elevation . ------~ 
Seal or Aquaguard bentonlte grout 2-53 feet. \ Groundwater 
eackft!! bentonite chips 5-3-56 feet : Level(s) 

Not measured ATO; water e1;1uilibrium at 20.SS feet bgs on 2/9/00 at 0813 

I SAMPLES 

! ii£ ~ E I" 
(. ~ .~ffi~ m "-

~lllg-c. a. iii II) ,u],~<.· 
"- "' E iii~ 
,_ " : V ul l\l > 

' o,-

"' 
0 • 

0 
_..,, ... .!::) 8 

!e g'u, .g_ 1&3 ~ ,-=:;:; 

MATERIAL DESCRIPTION 

11 ~I 
~ El a. • 

i E ~ I FIELD NOTES ANO 
S 8 .:J WELL DETAILS ~· 
f1 

C..=~....:'.:~::'...;.:'.::::).:;:..::+=-1-=-=-i-~S~u-rt-a-c,-C""o_n_d_,,-,a-n,-,-cru-,-h-•-d-,o-c-,------------1-t- ,,i.,-.._-..S---.n-c-h-tl~ia-. ,-,-,e~l--i 
! ~~~ I- z :O:::.C: IO, (!) _.._ 

0 

I 
~ 

NA 

. 

10-~ 02 NA 

15- ~ 03 

NA 

[ 

-
NA 0.0 ., •.• j'; . ·.I>: 

{ 
-~ 
; ~· .. 

.• 

ML r· Sandy SlL T; olive (SY 4/3), with angular gravel (crushed roe,(}, 
moist no odor IFh .. Lj 

r 
-

-

o.o •• . \_ML/CL ~ Cla,.,y SIL~; brown (10YR 413), medium plasticily. vace fine ·--:j, f ,n.- . 

''1 r . I- ,.----------------------------------- --
1:i.O ML Sandy SILT. bn:iwn (10YR 4/3), medium plashc1ty, trace clay, 

L1. moist . 

I r [ -
~
·r, I . 

: ._:: L.__ '-- . ~-
/ :fr:'. SM Silty SAND; brQ¥1;n {10YR 4/3), fine. !ow to medlum plasticity ,ti w,w~-·~-··--"'""~" 

O.C '{11 f 
t~ I -

NA 

NA 

-NA 

protective casing 

l't-Cancrete {0-2 tt) 

...._9-5/8-in.-dia, steet 
outer casing 
(to 51 ft) 

-7-31&--in.-d'.a. steel 
mner casing 
;,o52 tt) 

--2-in.-dia. Sch. 40 
PVC riser (to 59 ft) 

.-Aquaguard 
bentonile grout 
(2-53 ft) 

-Cel"lralizers al 20-11 
spac.11"19 to top of 
screen 

I !Hi · L_J1 

30..L _ _L __ ___:_ _ _.___J_:lfcl_!LfL• --''-------------------_,=~ ..... J 1 

!.__ _________ URS Greiner Woodward Clyde----------' 
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I Project: Rhone Poulenc RI / FS 

·oject Location: Portland, Oregon 

'roject Number: 5292C0804A.00 00045 

Log of Boring RP-01-65 

Sheet 2 of 3 

C 
0 

~ 
>-•• - . \U-

.c· :;; 
'E.- .Q 
w w d) E 
o.!. c..::i 

II~ 30 .M 
' 

j 

35i 
j 
J 

40] 

J 
. 

45-

j 
so-~ 

. 

. 

"l 
j 

60-

z 
05 

06 

07 

OB 

09 

,0 

SAMPLES 

NA 

NA 

NA 

NA 

H-4 

NA 

NA 

NA 

NA 

18 

c,-
C, 0 • 

~ E 
0 

_, 'C _, _g8 
• a. u g'u, 5,- a. E 

] <{ a. oU 
"' .c U) •> c:i ~::, 

IO _,_ 

MATERIAL DESCRIPTION 

0.0 
. 

MUCL I 
V 

I/ 

~ I/ 
I/ 

I/ 
I/ 

SILT with clay; olive gray {SY 4/2), medium plasticity, trace sand 

I/ 
I/ 

I/ 
I/ 

------------------------------------
0.0 q;p; SC Clayey SAND; olive gray (SY 4/2), medium, lrace 5il! 

11 
0.0 

0.0 

0.0 

~- r - . - ---
,, ML I s IL T wiU, sand and clay; olive gray {SY 4/2), medium plasticity, 

1; , f -15% sand, -15% clay 
,I/ 

y~~ 
, I/ f ·I/ 

I/ 
v. '/ 

I/ 

f" · . -ML-r SIL T-withs-;nd:01~;9-r~Y ;Sv-4/2~ ~ediUm-pla~i~tY~ 100--;e- - - -
J .. 1.: < ::J- Fine sand 

l ~ 
··1-::: 

-
NA NA NA :.-,;·. -ylncreasing sand 

BASALT, slightly weathered. red-orange iron oxide staining, very 
little fracturing, an angular 

ySmall, irregular fractures (indicated by drillin~): black and 
red-stained fragments -

-
; 

; 

FIELD NOTES AND 
WELL DETAILS 

-7-3/B-in.-dia. steel 
inner casing 
(to 52 n) 

. 1--2-in.-<lia Sch. 40 
PVC riser (lo 59 ft) 

i----Aquaguard 
bentonite grout 
(2-53 ft) 

-Benton1te Chips 
(53-56 ft) 

i 
H-inch-dia. borehole 

~ 
~-

below 52 ft 

f-10-20 silica sand 
(56·66 ft) 

N· !,--Ceolralizer al top ol 
screen 

;:1 

~~------------------ URS Greiner Woodward Clyde----------
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I Droject: Rhone Poulenc RI I FS 
·oject Location: Portland, Oregon 

reject Number: 5292C0804A.00 00045 

SAMPLES 

I 
a,-

"' 
0 w 

..., "C 
C OJ- C 

~ E 
0 u 0 .Q u·- i 
..., .- u ;; s= w -~;ij~ • C. u 8' U') >- a.- • :;:- C. E .I:; 0. v.i Ul >• w w w w • E ow ~ <i C. ~~ uJ~ 02 ~ ~ E ·ui :t: u.c w> ~ ••a OU ::: ::i 

f- z (/J Cl:: :E a::.!: :c 0 CJ __,_ 
65 ... 

1 

70-

. 

. 

. 

75-

. 

. 

. 

. 

BO-

BS-

90-

" 

I 

100 I 

i 
-

r 

f-

c 

' c 

c 

c 

f-

c 

c 

c 

c 

r 

c 

c 

l 

i 

Log of Boring RP-01-65 

Sheet 3 of 3 

§.~ 
MATERIAL DESCRIPTION ·=rn FIELD NOTES AND !E WELL DETAILS = El o OU 'J: u U') 

BASA:.. T, black with red iron oxide staining, slightly weathered, D 10-20 s11tca sand 
fractured \continued) (56-66 tt) 

Bottom or boring at 66.0 feet. 

-

. 

. 

-

-

-

-

~ 
. 

-
. 

. 

. 
URS Cremer Woodward Clyde 
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I Project: Rhone Poulenc RI / FS 
.0 roject Location: Portland, Oregon 

1 
Project Number: 5292C0804A.00 00045 

Wei! t.ocation Atochem Property, west or CPT-16 I Date(s) Installed 

MONITORING WELL 
CONSTRUCTION LOG 
FOR WELL RP-02-31 

213100 Time 1500 

Installed By Cascade::-::~' .. :,, Inc. I, Observed By G. I Depth 33.0 feet 

Method of !nstallatlon Air rotary rig, annular material placed with tremie 

Screened Interval 

Remarks 

25 • 30 feet bgs I Camplecion Zone Shallow Alluvium 

Refer to Log of Boring RP-02-31 for sampling data and lithology. 

Boring Diameter: 

i 7-318 inches 

Prepacked Well Screen: 
20-40 smca sand 25.30 ft 

------'Elevation or Top of Rlser Pipe: 

~--Height of Riser Above Ground: 

Depth of Surface Seal: 

f.ci,,1----il JD/Type or Riser Pipe: J 
I 2,inch.dia. Schedule 40 PVC 
~ 

4----Depth ol Seal: 

Type of Seal: 
c-----j(same as backfill) 

m..f-----Depih of Top of Filler Pack: 

----Oepth of Top of Screen: 

i Type of Filter Pack: 
'+----,: 2040 silica sand 23-25 ft; 10~20 silica sand 

I outside prepack 

JD/f ype of Screen: 
iil"-1-------,2-lnch.dla, Schedule 40 PVC 

Screen Slot Size: 
0.010 inch 

._....,,_ ____ ,Depth at Bottom of Pl099ed Blank casing: 

Type of Backfill or Seal Below Well: 

10-20 silica sand. (last sampled interval) 

Total Depth of Boring: 

2.5 ft 

2.0 ft 

23.0 ft 

23.0 ft 

25.0 ft 

30.0 ft 

31.0 ft 

33.0 ft 

;, NOTE: DIAGRAM IS NOT TO SCALE 
t5 
-g 
l '--------------- URS Greiner Woodward Clyde----------' 

~ 17)/,_'? l 



I Project: Rhone Poulenc RI / FS 

'roject Location: 

reject Number: 

Portland, Oregon 

5292C0804A.OO 00045 

Log of Boring RP-02-31 

Sheet 1 of 2 

Oate(s) Drilled 213100 Geologist G. Lukert I Reviewer 
and Installed 

r 
I Drilling Total Depth Drilling Air Rotary Cascade Drilling, Inc. 33.0 feet 

Method : Conlractor or Borehole 

Sampling Grab from cuttings, SPT split spoon 
j Hammer 140 lbs I 30-inch drop Top of Casing Not available 

Method Data Elevation 

Size and Type 2-inch-dia. Schedule 40 PVC 
Screen 0.010-inch 5lot (25-30 feet) Apprm:imete Not available 

of Well Casing Perforation Surface Elevation 

Seal or Bentonite chips 2-23 feet 
Backfill 

SAMPLES 

" Qf C: • -~ u·-

"' 
u E .c ~ ai ~ • • C. 

>- a.- .c f1; !/ • iir C. 
ID • ID • • E o• " . ill~ O..!' g; ~ u.c g: § •• o "" f- z (/) a:: :c Cl'.£ IO 

0 

5 
01 NA NA 0.0 

10 a, NA NA 00 

15 
03 NA NA 0.0 

NA NA 0.0 

25 
OS 4-3-6 ,a 0.0 

I 

30 ~ 

Groundwater 25,5 feet bgs on 2/3/00 ATD; waler equilibrium at 29.18 feet below TDC on 3115/00 Level(s) 

.,,-
"' 

0 • 
0 .... " 

_J u 0 
MATERIAL DESCRIPTION ·-U 

.~ g>u, 
" a. oU 
• " en i5 .-: =:, ...,_ 

Surface Conditions: grass 

'f se= f =o.,,-,. - _, """'°'· ''°""' :~ 
, . _.: -10% rounded gravel, dry, no odor (FILL] 

:::; ::: . 
. < :;,·: .•.. 

i):··· 
·.-:.·· 

---r------------------------------GW GRAVEL: dark brown (1DYR 313), with sand matrix. debris 
(wood), no odor [FILL] 

---~------------------------------SM Silty SAND; dark brown (10YR 3/3), fine, low to medium plasticity 
fines, wet, no odor 

ML Sandy SILT; very dark gray (SY 3/1 ), medium plasticity, wet, 
no odor 

SM Silty SAND; very dark gray (SY 3/1), loose, wet 

ML SILT: very dark gray (SY 3/1 ), loose, damp 

J L __ _ k! SM 

Silly SAND, very dark gray (SY 3/1 ). -25% fines, wet (water up 
to 25.5 Teet bgs) 

§.!:? 
:;;:: iii 
-!E 

- E • 
Q) 0 .c 
;i:uill 

r,=;, 

FIELD NOTES AND 
WELL DETAILS 

-inch-dia. s\eel 
protective casing 

oncrete (0-2 ft) 

outside prepack 
(25-33 ft) ii '------------- URS Greiner Woodward Clyde----------' 
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Project: Rhone Poulenc RI / FS 
·oject Location: Portland, Oregon 

.oject Number: 5292C0804A.OO 00045 

C 

·~ s:' • >- ci.- "" •• • $ • E ijj ~ Cl- \,; ~ 
>- z 

30 
06 

~ Cl 

~ 
35J 

l 
40~ 

45 

50~ 

j 
l 

551 

j 

.. j 
j 

65 

SAMPLES 

NA 

2·3-3 

, NA: 0.0 

] ,a o.o 

" 

~ 
r 
r 
a 

~ 

r 
r 

Log of Boring RP-02-31 

Sheet 2 of 2 

MATERIAL DESCRIPTION 

Bottom of boring at 33,D feet. 

1 
J 

-~ 

-

j 

F1ELO NOTES AND i 

WELL DETAILS I 

URS Greiner Woodward Clyde 



I Project: Rhone Poulenc RI/ FS 
Project Location: Portland, Oregon 

I Project Number: 5292C0804A.OO 00045 

Well Location Atochem Property, west of CPT-16 I Date(s) lnsralled 

MONITORING WELL 
CONSTRUCTION LOG 
FOR WELL RP-02-49 

2/3/00 1ime 1030 

Installed By Cascade Drilling, Inc. I, Observed By G. Luker! I Total Depth 49.7 feet 

j 

Method of Installation Air rotary rig, annular material placed with tremie 

Screened Interval 

Remarks 

43 - 48 feet bgs I Completion Zone Deep Alluvium 

Refer to Log of Boring RP-02-49 for sampling data and lithology. 

[: ·:.;. :: :.:,: 
• " " - € ·.o ., I·" " . .a_.,. .... " A_' ....... • • ... 

~mg Diameter: 

7-J/B inches 

-------Elevation of Top of Riser Pipe· 

r--Height of Riser Above Ground: 

round Elevation; 

IDfType of Surface Casing: 
6-inch steel protective casing 

Depth of Surface Seat 

, I Type of Surface Seal: 
I concrete 

IDfType of Riser Pipe: 
~:fl-----, 2-inch-dia. Schedule 40 PVC 

~,i«-----1\ Type of Backfill: 
Aquaguard bentonite grout 

,...._---Depth of Seal: 

c------1 Type of Seal: 
{same as backfill) 

-4----Depth of Top of Filter_Pack: 

f-a..flR-----Depth of Top of Screen: 

Type of Filter Pack: 
,...._----120-40 silica sand 41-43 ft; 10-20 silica sand 

outside prepack 

Prepacked Well Screen: 
20-40 silica sand 43-48 ft 

ID/Twe of Screen: 
$C=:!++-----~2-inch-dia. Schedule 40 PVC 

Screen Slot Size: 
0.010 inch 

1-.J,fi'if----lDepth of Bottom of Plugged Blank Casing: 

Type of Backfill or Seal Below Well: 
10-20 silica sand 

L_Total Depth of Boring: 

!, NOTE: DIAGRAM IS NOT TO SCALE 
z 
w 
C 

2.5 ft 

2.0 ft 

41.0 ft 

41.D ft 

43.0 ft 

48.0 ft 

49.0 ft 

49.7 ft 

~ 
~ '------------ URS Greiner Woodward Clyde--------~Y-._ ..... -c.-,..'l-?_J-:--\ e1 
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I Project: Rhone Poulenc RI I FS 

'roject Location: 
roject Number: 

Portland, Oregon 

5292COB04A.OO 00045 

Log of Boring RP-02-49 

Sheet 1 of 2 

! Ge~'.~9-"_' __ G_._L_u_••_rt ____ _ 
Grilling ' Drilling C D Totai Oeplh 
Method Air Rotary Contractor ascade rilling, Inc. of Borel'.ole 
f---------

Sampllng Grab from cuttings, piston-driven Hammer Not applicable I Top of Casing 

: Reviewer : ::)ate{s) DriHed 2/2100 (dr'llad' to 2/3100 (installed~ 
and Installed 1 

' 

Not available 

49.1 feet 

Method split spoon Data I Elevation 
,-"'="----"-'===· --------------t,,,-:S:-c---.-n----------------+,-A,- .-,------------, 
. ;;~:1r~J~; ~~.~-c_h-_d_i•_._s_c_he_d_ul_•_4_o_P_v_c ___ _,_: _Pe"-rl-',o'-'o'-au_on __ o_.0_1_0-_i_n_ch_•_lo_1_14_3_ ... _s feet) i s~~~.:E1e~3tion Not avaitable 

Seal or 
Backfill 

,:: 
.2 
.; 
lj 
"'-

. 

Aquaguard bentonite grout 2-41 feet 
Groundwater 
Le"el{s) 36 feethgs on Z/3/00 at 1020; water equilibrium at 29.03 feet below TOC on 3/1SIOO 

! 

ti ti a.-
~ " " ~ O..!l' "' :, ,_ z 

0 

j 
C 

51 C1 

J 
10 . 

1 
02 

15~ 

j 

~ 201l 03 

-
1 

I 

~ i 

30 I 

SAMPLES 

"' 3 

t 
m a 

NA NA tlO 

NA NA 0.0 

NA NA! 0.0 •• 

:. 

' 

NA Cl.O 

a,-" ., _, -0 

" " ·- t) 

g'"' ! ~g 
MATERIAL DESCRIPTION 

"" :::, _,_ 

f 
Surface Conditions: grass 

. 

f 
SP f' SANO with grave!; dark gray {2.SY 4/1 ), me,dium, -20% rounded -

gravel, damp, no odor [FILLJ _ ~. 
~ . 

----~----------------------------- -, ML : SILT; very dark gray {2.5Y 3/1 ), medium plas!ioty, -10% fine 
~ -Sand, damp (FILL] . 

. 

. 

-
-
. 

. 

. . 

-y Becomes dry, wrth rock fra;menl.5 -

. 

. 

" 

· rBecomes moist. with I.race clay, no Sand or rock fragments -

•' 

?'.? 

FIELD NOTES AND 
WELL DETAILS 

'~inc:h-dia. steel 
protective ca.sing 

It-Concrete {0---.2 ft} 

:...-7 ~31B~in. wdia. 
borehole 

-' -2-in.-dia. Sc:h. 40 
PVC riser {ta 43 ft) 

' 

-Aquaguard 
bentonlle grout 
(2-41 •1 

I I
' II! '5; 

... L _1._...L!.2.:_:__--'---------------------'=-"''y2--------J 

------------ URS Greiner Woodward Clyde---------~ 



I Project: Rhone Poulenc RI / FS 
roject Location: Portland, Oregon 

roject Number. 5292C0804A.OO 00045 

SAMPLES 

35 05 NA NA 0.0 

40 
06 

45-

t 

Log of Boring RP-02-49 

Sheet 2 of 2 

r8ecomes moist to wet with trace fine sand. micaceous, no day = 

£. 

r Becomes Jight olive brown {2.SY 5/J), wet 

2wtn.-dia. Sch. 40 
PVC riser (to 43 tti 

Aquaguard 
benlomte grout 
12_., ft) 

20-4 O silica sand 
(41_.3 ft) 

1-...... ./'.' : . 2-ln. dia. 0 010-in. i~;t=i.rl slot Sch. 40 PIIC 
r .;f 'l' screen (43-48 ft) 

~ 
07 NA 10 NA · - SM f SAN.D wilh,silc very dark grayish orcwn (10YR 3/2), fine to y1;l1t~10-20sirica sand f medium, slightly m,caceous, satur.Hed J. ,} outside prepack 

01.'.;. •';f·i (43-49.7 ft) 

~ .}\tJ¥:-sump {48-49 ft} 

1 i; 
50- :- Boring terminated at 49.7 feet ii! contact with basalt 

-

. l . 

. ~ 
1 . -

55-' 

r J l -

~ 
60 , -

I 

I 

. 

I 
I I i t· 

. 

65 

. URS Breiner Woodward Clyde 
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Project: Rhone Poulenc RI / FS 
Project Location: Portland, Oregon 
Project Number: 5292C0804A.OO 00045 

Well LocaUon Atochem Property, west of CPT-16 j Date{s) :nstalled 

MONITORING WELL 
CONSTRUCTION LOG 
FOR WELL RP-02-66 

2/1/00 • 2/2100 Time 1200 

1By - .... I G.Lul<e.-t j Total Oeptri 66.5 feet . -
Method of Installation Air rotary rlg1 annular material µfaced with tremie 

Screened Interval 60 - 65 feet bgs I Complehon Zone Basalt 

Remarks Refer to Log of Boring RP-02-66 for sampling data and lithology. 

I Outer Steel Casing· 

:.5/8-lnch-<lla. steel to 55 ft 

I Inner Steel Casing; 

; 7-318-inch-dia. $(eel to 56 ft 

Depth of Top of Bedrock at 53.0 ft --

1
1 Boring Diameter: 

6 inches below 56 ft 

------Elevation or Top of Riier Pipe: 

r--Height at Riser Anove Ground: 

~:,cc,-,, .,.___Ground Elevation: 

ID/Type of Surface Casing: 
£i .. lnch steel protective casing 

Detlth of Surface Seal: 

:~ Type of Surlace Seo:1t 
~~-~-~-re_tcce ____________ __; 

i ID/Type of Riser Pipe: 

2-inch-dJa. Schedule 40 PVC 

Type of Backfill. 

Aquaguard t>entonite grout 

Deplh of Top of Screen: 

ID/Type of Screen: 

i:•c:•c"J·-1'4':.:+--~2-inch...dia. Scheduh:1 40 
Screen Slot Size: 
0.010 Inch 

<:,,.'i,.,....,...1"--j----01ep1h of Bottom af Plugged Blank Casing: 

====-1.c····.:11-J Type of Backfill or Seal Below Welf: 

: ~~. silica sa_n_d __________ ~ 

:____Ta1al Depth of Boring: 

2.5 ft 

2.0 ft 

55.0 ft 

58.0 ft 

60.0 ft 

65.0 ft 

66.0 ft 

66.5 ft 

! 

ii NOTE: DIAGRAM 15 NOT TO SCALE 

UBS Greiner Woodward Clyde-------c)-. -0-~---,.,-_ .--' ... 1 -r _ 
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I Project: Rhone Poulenc RI / FS 
·oject Location: Portland, Oregon 

reject Number: 5292.C0804A.OO 00045 

Log of Boring RP-02-66 

Sheet 1 of 3 

' Dale(s} Dn!!ed 211/00 and 2/2/00 
and !nstaued 

Drilling: 
! Method 

Air Rotary 

Sampling Grab from cuttings, piston-driven 
Method split spoon 

s>z.e and Type 7-3fB,..nch4.lia. steel casing to 56 fee 
of Well Casing 2..jnch...Ola. Schedule 40 PVC 

Geologist 

Dnllmg 
Contractor 
Hammi,:r 
Data 

G. Lukert Re ... iewer 

Cascade OrUling, Inc. Tota1 Depth 66.5 feet of Borehole 

Not applicable Top of Casing Not available Ele ... elion 

0.010..jnch slot [60~65 feet) Approximete Not available Surface Ele\/atJon 

Sea! or Aquaguard bentonite grout 2-55 feet, 
Backfill benlcnite chips 55~S8 feet 

Not measured ATO; water equilibrll,,1m at 25.80 feet bgs on ZJ2JOO at 1340 

SAMPLES 

I " ff,£ .2 i: -.; .,;: ~ "'="' ,._ -a- : .8 ;; Cl-. 
!II " " " " " , " E 

0.. i,; II; 

SJE w~ !:I~ E iii~ :~ :, :~! " 0 '>- z o:.s 
0 

5
- ~ 01 NA NA 

1 

1i 02 NA NA 

1 

15-

i 
20~~ 03 NA NA 

. 

25- ~ 04 NA NA 

' 

en-j 
"' 0 " 

8 E 
0 ..., '8 

...J .2u MATERIAL DESCRIPTION "' C. ,!,I g'o, :;r " "' 'ti • C. ~ ii5 " <( !:' " ::, .::::, 
I 0 (.'.) ...J-

I Surface Conditions; grass 

-

f 
... -J" J: ~ SANO with silt; very dark gray (SY 311), damp, no odor :If~"[ 
~~);t ML r SILT'Mlh sand: Yer, dafi< gray(5Y 3!1), -15% fine sand, we!, no-

i i 1 ode, : 

I,! • 

0,0 
-

O,C 

. 

jj - ~ 
. 

. 

~ 
. 

. 

0 0 f V 

~ 

c----r- --- -------- ---- ---------------
M~ l Sil T 'ierJ dark gray {5Y3J1). medium plasticity. !race clay. wet. 

1·- . 

t 
-

. 

. 

FIELD NOTES AND 
WELL DETAILS 

'---··········---------
it-£..;nch-dia steel 

protective ca!ilT'iQ 

~crete (0.2 ft) 

*9-Sfflwiitwdja steel 
outer casing 
(to 5S ftj 

rt--?<1tS~in.•dia. steel 
inner casing 
(lo 56 N) 

-2wirt•dia. Sch. 40 
PVC riser {to 60 ft} 

-Acj1,,1aguard 
bentor.ite grnut 
(2·55 NJ 

it-Centralizers at 20·tl 
spacing to top of 
screen 

• ~'---------- URS Greiner Woodwanf Clyde--------~ 
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Project: Rhone Poulenc RI / FS Log of Boring RP-02-66 

Sheet 2 of 3 
·'roject Location: 

roject Number: 

Portland, Oregon 

5292C0804A.OO 00045 

SAMPLES 

NA 

35 : 06 NA 

40 OT NA 

NA 

NA {10 

"' _3 I 

" :E 
C. 
E 
(!) 

MATERIAL DESCRIPTION 

ML , SILT very dark gray (SY 3/",), medium plasticity, trace day, wet, l no odor (continued) 

NA 0.0 lr r~ · f 
NA 0,0 

NA 00 

r ~~---
.-. ML 

.t 
S1t. T with sand; verf dark gray (5Y 3/1), some fine sand, trace 
gravel to 1 /4 inch d1arneter wet, no odor 

~ 
CL l CLAY. olive (SY 4/3), trace silt, we-t, no odor 

o._ • C .. i1 
iij ;, FIELD i'lOTES AND 

= I ~I WELL DETAILS 
" 0,: $ () .)j 

S/8,.in .• di.a. ,1eet 
outer casing 
(lo 55 ft) 

7·318-in.-dia, :.!eel 
inner casing 
(to 56 ft) 

2~in--dia. Sch. 40 
PVC riser (to 60 I\) 

Aqua guard 
·rier,ton1te oroLA 
(2-55 ft) • 

-5,:.--s~SAN-o~cil~(SY4/3}.;~~m,=20% siil;;cace-:-o::-u,'.-'.'C:c··----1:1';] 
NA NA 

50 
10 NA 

" NA NA 

551 12 NA NA 

' a 

soJ 

0.0 ,':.J.J ~ nooaor . 

0 0 
/ :~:L5P-SM F SAND wilh silt: oli,e o,own (5Y414), sligt,lly micaceous, •• ____ _ 

0,0 

0.0 

, ML __ SILT; o_'.(~e DroW!". (SY 414}, dry to · 

BASALT. wealt\ered, vesicular, !race sand, wel 

rWeathered to rnoslly angular fragments, some sut,rounded 

t
' fragments 

rBecome?; moderately lo slightly weathered, angular fragments, 
some mediun; sand, iron oxide staining t ~ Tcace sill, \race red-orange staining 

t J Fractures (indicated by dr\Uing) 

~ rBecomes slightly weathered to fresh {Ver) little weathering) 

Be!llornte chips 
(S55B N) 

-inch-dia. borehole 
below 56 ft 

2-h dia. 0.010,m. 
s1ol Sch. 40 PVC 
screen f60-6S I'll 

i'I i ~--------- URS Greiner WaadWard Clyde----------' 
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[ Project: Rhone Poulenc RI / FS Log of Boring RP-02-66 
,ject Location: Portland, Oregon 

Sheet 3 of 3 
reject Number: 5292C0804A.00 00045 

SAMPLES 

.- C I 

o,-
0, 0 • 

C U C 0 
.., -0 

~ E u 0 .!2:;:; Q gigio I~ .., 
- CJ MATERIAL DESCRIPTION - . FIELD NOTES AND 

" 
,,· • ro a. u g'u, {E >- o.- =.!!!- ~Ill 5} 0. :c WELL DETAILS •• •• • .0 i-~ ~ 8~ ~ c{ 0. oO =E~ -. 0~ a. E m .c U) 

• 0 u UJ- >- ~ 'lJ O (1J (,J .> (5 5 ::> S:ou, t- z (/Ja:::i:i a::.5 IO 
65 ~ . ~ BASALT, slightly weathered to fresh (continued) 

. i lJ4 L_Sump (65-66 f1) 

Boring tenninated at 66.5 feel 

70- r -
. 

. 

. 

75- ~ -

. r 

. r 

80- r -

r 

85- r -

. 

90- r -

r 

" -

-

95- r -

I 

100 ~ I 

r 

. 
URS Gremer Woodward Clyde 



I Project: Rhone Poulenc RI/ FS 
. Project Location: Portland, Oregon 
I Project Number: 5292C0804A.00 00045 

Well Location Wacker Property, at CPT-22 I Date(s) Installed 

MONITORING WELL 
CONSTRUCTION LOG 
FOR WELL RP-03-26 

2/17/00 Time ,soo 

Installed By Cascade Drilling, Inc. I Observed By G. Lukert [ Total Depth 26.5 feet 

~' 

Method of Installation Air rotary rig, annular material placed with tremie 

Screened Interval 

Remarks 

20 - 25 feet bgs I Completion Zone Shallow Alluvium 

Refer to Log of Boring RP-03-26 for sampling data and lithology. 

... .. _:~ . ..,.._ ........ .. 
;.-;~:o·.-;,·~:• ... • 
I·-.. :·«- <· ... ,., I·,, .. -.................... .. 

l9oring Diameter. 

17 -JIB inches 

Prepacked Well Screen: 

20-40 silica sand 20-25 ft 

• 

., 

·. 

~------<'levation of Top of Riser Pipe: 

~--Height of Riser Abo"e Ground: 

round Ele\lation: 

ID/Type of Surface Casing: 
&-inch steel protective casing 

Depth of Surface Seal: 

I I Type ot Surface Seal: 

I concrete 

f,«f,fl------,ID/Type of Riser Pipe: 
2-inch-dia. Schedule 40 PVC 

~*-----, Type of Backfill: 
Bentonite chips 

.----Depth of Seal: 

c-------1 Type of Seat 
(same as backfill) 

.----Depth of Top of Filter Pack: 

+----Depth of Top of Screen: 

Type of Filter Pack.: 
+----,20-40 silica sand 18-20 ft; 10-20 slllca sand 

outside prepack 

ID/Type of Screen: 

I J,"!==!"it;+-----j2-lnch-dia. Schedule 40 PVC 
Screen Slot Size: 

0.010 inch 

Type of Backfill or Seal Below Welt 
10-20 silica sand (last sampled interval) 

Total Depth of Boring: 

!, NOTE: DIAGRAM IS NOT TO SCALE 

w 

2.5 ft 

2.0 ft 

18.0 ft 

18.0 ft 

20.0 ft 

25.0 ft 

26.0 ft 

26.5 ft 

li 
.:-~'----------------- URS Greiner Woodward Clyde -------~-,.i'-p-_-r-,-z-,.-'0 1,. 



I Project: Rhone Poulenc RI IFS 
'reject Location: 

reject Number: 

Portland, Oregon 

5292C0804A.OO 00045 

Date(s) Drilled 
and Installed 2117/00 I Geologist 

Dnl(ing 
Method 

Sampling 
Method 

Air Rotary 

Grab from cuttings, SPT split spoon 

Siz:e and Type 2~nch-dia Schedule 40 PVC 
or Well Casmg · 

Drilling 
Contractor 

Hammer 
Data 

Screen 
Pertoration 

G. Lukert 

Cascade Drilling, Inc. 

140 lbs/ JO-inch drop 

Log of Boring RP-03-26 

Sheet 1 of 1 

1

1 
Re111ewer 

1

1 Total Depth 
of Borehole 26.5 feet 

Top of Cas·1ng Not available 
Elevation 

0.010-inch slot (20-25 feet) Appro:a;"1mete 
Surface Elevation Not available 

-

Seal or 
Backfill Beritonite chips 2-18 feet 

Groundwater Leve!(s) 13.5 feet bgs on 2117 /00 ATD; water equilibrium at 20.9 feet bgs on 2117/99 at 1510 

SAMPLES 
o,-

0, 0 • 

" af C 0 
..., "O ..., 

-

.S! u·· ~ <ii 5 ~ i~~ >- c.- .c a vi "' ~m 

" " •• 0 " 

~ E 
rn c. u Sr C. i: "" - C. 

-~8 MATERIAL g, LJl 
oO 

DESCRIPTION FIELD NOTES AND 
YIELL DETAILS 

w~ • E o..!1 E 'vi ~ 
C. "' Jj~~ t?:'z 

0 

s- ~ 01 NA 

-

,a~~ 02 NA 

-

4-3-4 

25-J " I 3-1·2 

U-" "' <( rn 
"u m> 5 0::::.5:. IO 

-" LJl ·-= ~ __,_ 
Surface Conditions: gravel 

, ,, ,, 

,, ,, ,, ,, 

1----S·inch-dia. steel 
protective casing 

..--Concrete (0-2 ft) 

NA 0.0 I 
-

ML SILT; dark brown (10YR 3/3), medium plasticity, 10% sand, 
organic debris {wood), damp 

; ; --7-J/B-in. -aia. 
~; borehole 

NA 

18 

,a 

,. 

'.:-' 
0.0 •· Ii .. 

(~ 

t 
SP-SM~ SAND ~iii, siit ;;;,g,a~e1; ;;;,;:; darl< s,ow-;; c1 ovR 212):- - - - - - ; ; 

~ -20% rounded g,avelto 3 cm diameler, -10% sill. damp ; ; 

,, ,, ,, 

,, ,, 

2-in.-dia. Sch. 40 
PVC riser (lo 20 fl) 

~: ~Bentor11te chips 
,; (l-18ft) ;~•: - SP F SAND: very dan< brown (1 OYR 212), medium, loose, wel _ii ;; 

0.0 \h -

160 

j J ML Sandy SILT: very daril: brown (10YR 2/2), fine sand, loose, ~ li sa1uraled ~ i, -20~0 sili~ sand 

h;.·1· r .. i:-rs, andyS~T,:,da;01i;eg;;y(d5Y-31(2)~~edi,;;-)m-p;sticitifi~esand.-1···.r.= ;.'I ;;~;,:;t:i'~,,~ 
I / . oose. mo1s o wet, organic o or creosote. ·r:.· - -r sc1nd {20.;25 fl) 

1: = ''1 
::- :.fr·:··:.> ·_sMiML~ 5~ SAN61o-sa"ndy51L.T,da~olive-g~Yt5Y-3J2)-:--SQD;;fi~e-- -1r ; ;i::I !1~7 s: ~o0~~-gi-
H sand, -50% med,um plast1c1ty silt loose odor (small NAPL bleb.s t = t screen (20-25 ft) 

\ ii ~ I -= • 10-20 sihca sand \ i . J := t outs1t:le prepack 

. . observed on bottom or dnll stem) j ~ := ! ~ 

\J: -ySand grades medium saturaled odor, v1s1ble rainbow sheen l ==..:J. (20-26 5 rt) 
180 1+"4-

1

+-----+-~-----------------------': __ ..... .,:·~sump (25-26 l't) 
ML S!L T; dark olive gray (SY 3/2), loose, saturated ,, .. ,,., 

lL_l___l_l__L__i ----'-----''I ___ Bo-nom-of-bo,;-ng ._t28 __ 5 ree-l __ J_ _ _L._ 

1

, --l 

URS Greiner Woodward Clyde-----------' 



I 
I 

Ground 

c'- 5 

-10 

I-

- 15 
I-

I-

I-

! 
~20 -)1-

'" ~ 25 

' 3" I-

' ',,. 

-30 
-
-
-
-35 
-

-
-40 

~ ,, 
J. 
V 

'" - 45 
'l 

-

i' -50 
".'>J 
'1 

" 
-
- 55 
-
-
-
-
'--60 

S eel Stondpipes 
w/ Locking Cops 

RP-03-30R ~~ -;:::--y RP-03-52R 

Surface 
Concrete to surfoce 

2" Stainless Steel ., 
(SS) Riser 

8" Steel 

Grout to - 2· SGS • Casing 

20-40 Silico Sond 
I 

10-20 Silica Sond Filter Pock 

5' of SS Pre-pock Screen E 
E 

0.01 o"-slat Outer /inner Screen 

~ (nominal) Outer Diameter (OD) 

2" SS Sump' -
- - 2" ss Riser -

Grout to - 2· BGS 

I 

20-40 Silica Sand I 

10-20 Silica Sand Filter Pock 

= 5' of PVC Pre-pock Scree 

= 0.01 o"-slot Outer /Inner Sc 

~ 3" (nominal) DD 
- - 2" PVC Sump 

Grout is Bentonite-cement type 

Bore diameters 8" nominal 

De ths ore a p pp roximote 

NOT TO SCALE 

111LE: D'°"; D(S., PRDJEC1 NO.: 

jgdp ' 

n 
reen 

Well Construction 5292C0804A URS CHKO-: ~ APPO: 

RP-03 Replacement Wells cm FICUR( NC.: 

BNSF Properly Portland, OR DATE: REV.: - 1 , n /a /r.r. 

I 

(1}1 

~I 
I I 

(\/1 
'? 
Cl-,.-y I 

v-1 
I 
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PROJECT: RPAC RI/FS 
PROJECT NO: 52-92C0804A 

PROJECT LOCATION: Portland, Oregon 
CLIENT NAME: Rhone-Poulenc 

DATE STARTED: September 13, 2000 
DATE COMPLETED' September 13, 2000 

DRILLING CONTRACTOR: Cascade 
DRILLER: Jason, Jose, Charles 

LJ\JJ'\.11'1'-.;I l'I\J. l'\.I -\.lw-w\.11'\. 

tf-03-~ -----WATER LEVEL: l'. 24.00 ft 

TOTAL DEPTH: 30.00 ft 
WEATHER: Clear 

DRILLING METHOD: Air Rotary with Casing Hammer 
SAMPLING METHOD· 2" Diameter, 3' Long Split Spoon 

FIELD ENGINEER: Don Coberly 
CHECKED BY: Chris Moody 

SAMPLE TYPE KEY: 
~ C, w~ 

~ [ill 
er:.'? ~ u 0: '!:. ~ 

Relatively undisturbed sample Bag Sample 

5 o:- w w z '!:. U...J 
w- "' >- ::, >- c.. >- --'W 0 "' -o Disturbed sample --'Z wz ~/:: .... z u,O c.. c.. I u I CD 
c..w zw u,W ;:: 0 ~ /:: >' >- "' ~:;; :0 ::.> - >- Din - >- <( c.. ::, 0: >- Sample attempt with no recovery .:- "-z Oz o"- > w "':s z "' C.9"' 0 w ::.o ...J w 0 

1 .... u 0 u CD ...J SPT split spoon sample 
w 

DESCRIPTION REMARKS 

CLEARED BRUSH ON SIL TY GRAVEL FILL. 

0 
SP/ .::: DARK BROWN TO BROWN SAND, VF·M, trace fines, no stain Logged Off 

. SM 
•::: 

or odor, loose, [slightly damp}. Cuttings 

:::: -

r ( ·~ 

I 
-r . 

5 

f-

C - ' 
:: Ir r . 

r 10· 

r . 

ii 
:::: 

f- 15 
.. 

f- •:• 
.::: 

f-
SM/ 

( 
DARK GREY SILTY TO CLAYEY SANO,creosote odor, 

f- . SC [damp]. 
I, 

~ PID on cuttings CJ..0.4, BZ=CJ..0.1 
V 

20 
~ 

- - - / 
J/ Grades to wet (adding water), .Strong creosote odor . . , 'v. 

,I,~ 
f- V 

l'. 
V. 

_L_J 
v 
/ 
V 

- 25 

,OTES: 

' I LOG OF BORING RP-03-30R 

;URS DRAFT ... 
' " 



.} F:<OJECT: RPAC Rl/rS 
52-92C0804A 
Portland, Oregon 

C 
UJ ~ 

..., 
~ a: ,= 

a:: E u z .5 a: - w w w- en>- :, >- Cl. >- ..J w 0 ..J z wz it~ >- z enO Cl. Cl. 

~ Cl. w zw enW ;,:o ::; >-::; > ->- 0 cii ->- <( >-
<( - "-z z Oz 0 u. 

U) > 
U) a: 0 w ::; 0 ..J w 

0 CD ..J 
() 0 () L1l 

" 

t 

C 

i 
~ 
C 
~ 

~ 
~ 

§ 

ii'. 
~ 

fu 
~ 
~ 
C 
C 

~ 

" ,- NOTES: 
~ 
~ 
~ 
~ 

; 
~ 

~ 
m 
0 

" 

..., 
s 
I 
>-
Cl. 
L1l 
0 

25 

() ..J 
en -o 
() I <D 
en ~ ::; 
:, a: >-

(.')"' 

Sheet 2 of 2 
FIELD ENGINEER: Don Coberly 

SAMPLE TYPE KEY: 
Relatively undisturbed sample 

Disturbed sample 

Sample attempt with no recovery 

SPT split spoon sample 

DESCRIPTION 

CHECKED BY: Chris Moody 

[QJ Bag sample 

REMARKS 

SM/ BROWN AND GREY SIL TY SAND, very fine grained sand with S-1 

SP some clay, dark brown stained areas, smell of creosote, 
e--c-u_jllw""- [saturated]. 

ML Grading to VFSD at 27' to 27.5'. NAPL both as LNAPL and within 

LOG OF BORING RP-03-30R 

DRAFT 



I 
I 
I 
f 

5 

(:, ~ p;i- /:,) ... -1:-' 
Steel Standpipes <J 
w/ Locking Cops..,.,..J 

RP-03-30R ~~ r- .. -t<-· ___ R_P_-~:-52R~-

Ground Surloce --- ----~--~-1-----i+-H- -

t5 
L 

1---10 
~ 

t 
'- 15 
r 

Concrete to surface 

2" Stainless Steel ,,.... 
(SS) Riser 

Grout to ~ 2' BGS 

1--1---------------·-
~ 20-40 s;1ico Sand 
~20~------~~-~-~-• 

10-20 Silica Sond Filter Pack 

5' of SS Pre-pack Screen 
25 0.010"-slot Outer/Inner Screen· 

3" (nominal) Outer Diameter (OD) 

2" SS Sump 
30----~· 

8" Steel r--......._,,, Cosing 

I : 

~2" SS Riser 

35 

40 

45 

Grout to - 2· BGS 

20-40 Silica Sand 
-----
10-20 Silica Sand Filter Pock 

! 

5' of PVC Pre-pack Screen 
0.010"-slot Outer/Inner Screen 

50 3" (nominal) OD 
f-----------------~-----'-\':r-... _ _,,, 2· PVC Sump 

55 

L-50 

ORS 
TITLE:: 

Well Construdion 

Gro"t is Bentonite-cement type 

Bore diameters 8" nominal 

Depths are approximate 

NOT TO SCALE 

DWN'. DES.• 
jgdp 

CHKD: APPO;--
RP-03 Replacement Wells 

BNSF Property - Portland, OR 

cm 
OATE: REV,; 

_LCLL!l..LO 

PROJECT NO.: 

5292C0804A 
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RPAC RI/FS 
52-92C0804A 
Portland, Oregon 

er: 
w 
0.. >
"'0 
;; 0 
o"_, 
CD 

w 
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0.. 0.. 
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<I) 

f 
i 

--, 

"' z 
0 

i 
-' w 

's 1--i--'--+--+---+-----, 

~ 
~ 
0 

~ 
,Ii--'-----'-----'-----'---'---' 

NOTES: 

E. 
I 
>-
0.. 
w 
0 

25 

30 

35 

40 

45 

SD 

(.)-' 
U) -o 
u I CD 
<I) ~:; :, 0: >-

Cl U) 

::~ 

FIELD ENGINEER: 
Sheet 2 of 2 

Don Coberly 
CHECKED BY: Chris Moody 

SAMPLE TYPE KEY 
Relatively undisturbed sample 

Disturbed sample 

Sample attempt with no recovery 

SPT split spoon sample 

DESCRIPTION 

Driller still adding water. 

ill] Bag sample 

Added casing at 32', creosote odor decrea5ed to undetetable 
/eve/. 

BLACK TO DARK BROWN SAND, slight trace fines, 
well-sorted, VF-M grained, very slight odor creosote, no stain or 
sheen, loose-firm (adding water previously), 

Grades to black to brown sand with no creosote odor. 

Driller- encountered bedrock at 51 '. 

Borehole terminated at 52.5' bgs, 1.5' below bedrock suriace to 
provide depth for sump. 

REMARKS 

LOG OF BORING RP-03-52R 

DRAFT 
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LOG OF BORING NO. RP-03-52R 
=-== 

Sheet 1 of 2 

PROJECT: RPAC RI/FS 
PROJECT NO: 52-92COB04A 

PROJECT LOCATION: Portland, Oregon 
CLIENT NAME: Rhone-Poulenc 

DATE STARTED: September 12, 2000 
DATE COMPLETED: September 12, 2000 

tJRILLING CONTRACTOR: Cascade 
DRILLER: Jason, Jose, Charles 

--L 
r, ·~ (' . .-f "(,-) j;.' 
I, . ) ) ,. -~ 

; WATER LEVEL:~24.00 ft 

TOTAL DEPTH: 52.50 ft 
WEATHER: Clear 

DRILLING METHOD: Air Rotary with Casing Hammer 
SAMPLING METHOD· 2"' Diameter, 3' Long Split Spoon 

FIELD ENG !NEER: Don Coberly 
CHECKED BY: Chris Moody 

SAMPLE TYPE KEY: 

l C 
w ;t: a: ~ Relatively undisturbed sample ill] Bag Sample 

0:: :? u ,.,. 
(.)-' .e, a:- UJ UJ z s u,- rn t- :::, t- ll. t- -' UJ V) -o 8 Disturbed sample >- >- 0 :,: a, -'Z UJ z t-Z Cl) 0 ll. ll. ;:: :,: (.) 
ll. ::;; ll. UJ z UJ a: t- Cl) UJ ~o ~~ 

t- Cl) 
::;; > -t- 0 ii, - t- ~ ll. :::, ;:; >- Sample ~ttempt with no recovery -=- "- z z 0 z 0 "- Cl) UJ· Cl Cl) -:;ii Cl) fs 0 UJ ::;;o -' UJ 0 

0 0 (.) ID -' SPT split spoon sample 
UJ 

DESCRIPTION REMARKS 

CLEARED BRUSH ON SIL TY GRAVEL FILL. 

0 
SP 

~Ii 
LIGHT BROWN-BROWN SAND, trace fines, no stain or odor, Logged Off 

- loose, (dry]. Cuttings 

1 

-

-

-

5- If Grades to black-brown, F-M grained, sfighly damp with scattered 
-

I~ 
granules and gravel to 1.S" diameter. 

f- -
: 

-

-
c '" 

~l - .ff 
15 Grades to sliahtlv more damo. 

' -
MU GREY TO DARK GREY SIL TY CLAY, low toughness, slightly 

f- - CL plastic, slight creosote odor. 

-
-

f- -

- 20-
(?rades to strong creosote odor, no NAPL or sheen. Dn'fler 

- ~ adding trace water. 

c 

'~ 

~ 
' 

~ 
NOTES: 

LOG OF BORING RP-03-52R 

URS DRAFT 



/ Project: Rhone Poulenc RI/ FS 
Project Location: Portland, Oregon 

I Project Number: 5292C0804A.00 00045 

Well Location Wacker Property, at CPT-22 [ Date(s) Installed 

MONITORING WELL 
CONSTRUCTION LOG 
FOR WELL RP-03-63 

2117/00 Time 1200 

Installed By Cascade Drilling, Inc. I Observed By G. Lukert i Total Depth 64.0 feet 

j 

Method of Installation Air rotary rig, annular material placed with tremie 

Screened Interval 

Remarks 

57.4. 62.4 feet bgs I Completion Zone Deep Alluvium 

Refer to Log of Boring RP-03-63 for sampling data and lithology. 

Boring Diameter. 

7-3/8 inches 

?repacked Well Screen: 
20-40 silica sand 57.4-62.4 ft 

~------Elevation of Top of Riser Pipe: 

~--Height of Riser Above Ground: 

round Elevation: 

y I_D0"ype of Surface Casing: 
L!:!_nch steel protective casing 

Depth of Surface Seat yype of Surface Seal: 
--] Concrete 

IDfrype of Riser Pipe: 
~~-----12-inch-dia. Schedule 40 PVC 

m,.. ___ -1Type of Backfill; 
Aquaguard bentonite grout 

4------Depth of Seal: 

I Type of Seal: 1---------,1 (same as backfill) 

4------Depth of Top of Filter Pack.: 

il--+.:.:+----Oepth of Top of Screen· 

Type of Filter Pack; 
4----"'" 20-40 silica sand 55.4-57.4 ft; 10-20 silica 

sand outside prepack 

IDfrype of Screen: 

'l=~t+----12-inch-dla. Schedule 40 PVC 
Screen Slot Size: 
0.010 inch 

Type of Backfill or Seal Below Well: 
10-20 silica sand 

L~otal Depth of Boring: 

f, NOTE: DIAGRAM IS NOT TO SCALE 
w 

2.5 ft 

2.5 ft 

55.4 ft 

55.4 ft 

57.4 ft 

62.4 ft 

63.4 ft 

64.0 ft 

~ 
~ 

~'------------ URS Greiner Woodward Clyde--------D-
1
"'-, -"-'<._,_, -< 
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[ Project: Rhone Poulenc Rf I FS 

·roject Location: Portland, Oregon 
roject Number: 5292C0804A.OO 00045 

Log of Boring RP-03-63 

Sheet 1 or 2 

Date(s) Dnlled 2117/00 [ Geologis: G. Luk&rt Rev1ewe1 
and lnstal\e-o_______________ ------------------+-----------------i 
Orilung !D-nlling 
Method Air Rotary : Contractor Cascade Drilling, Inc. Total Depth 

of 8ore!'loie 64.0 feet 

Sarn:pling Grab from cuttings, SPT split spoon .'1ammer 
Method Data 

140 lbs I 30--inch drop Top o( Casing 
Elevation Not available 

Size and Type 2•inch-.dia Schedule 40 PVC Screen 
of We!! Casmg · Perforation 

Approximete 
Surface Elevation Not available 

Seal or 
8;:id..!ill 

: Groundwater Aquaguard benionite grout :2.5-55.4 feet Le.'lle!(s} Not measured ATO; water equilibrium at 16-.41 feet bgs on 1117100 

SAMPLES 

MATERIAL DESCRIPTION 

Surface Condirmns: gravel 

" 0 
,~-ftj 
a.E - E 4), 

<i O £ : FIELD NOTES AND 
:'l; Fj u, : WELL DETAILS 

p1-£Hnch-dia s!eel 
protective casing 

koncre~ (0·2.5 ft} 

i SILT; very dao: grayish brown (10YR 312). medium plasticity. 
~ s1ightly micaceovs. dry to damp. no odor 

- :--7.31a.in.-dia:. 
NA 0.0 ML 

. 

10- ~ 02 - -------------------------------- -ML S.andy SILT; very dark gray (10YR 311). -40'YD f:ne subrnvnded 
sand, moist to wet, no odor 

NA NA , -,·. 
: . 

. 

NA NA 0.0 

·->. '·-<: 

~ r· - ·-~r .. ~-,~-"''"~·------ -
25 • 11 ___ ~--------- - --------------1 05 NA NA 42 • ·· ML I SILT w,th ••nd: olive 4/3). wet. some odoc(cn,osolel 

2D- ~ 04 NA NA 

.borehole 

,._2-in.-dia. Sch. 40 
PVC riser 
(to 57.4 f..) 

if-Aquaguarrl 
bentonite grout 
(2.5-55.4 ft) 

1 ': I ffi I 
30~1-~ __ J____J____[IJ.ilj __ • ___________ -=--""~"'-, ----1 

l "''----------- UBS Greiner Woodward C/yr/e-----------' 



I Project: Rhone Poulenc RI/ FS 
~roject Location: Portland, Oregon 

•roject Number: 5292C0804A.00 00045 

Log of Boring RP-03-63 

Sheet 2 of 2 

~' C 
Q 

fij £ 
>- o.- • .0 •• • • w E w~ O..'! 

Q_ " ~z 
30 

~ 06 

35-
-~ 07 

40-
~ 08 

45- ~ 09 

-
-

50-
~ ,o 

55- J 11 

60--~ 12 

SAMPLES 

af C:: u ·-
.~ij~ 
O.iii Ill 
E 'vi ~ 
•• Q 

en a:: 1i 

NA 

NA 

NA 

NA 

NA 

2-2-1 

1-.3-2 

o,-
C, Q. 

- I ~ E 
Q ..J "8 § .!d ..J i!o MATERIAL DESCRIPTION ·.;::. rn ~ . "- u g'u, -aE FIELD NOTES AND 

~~ i "-I :2 WELL DETAILS 
Q_ oO - E w u.c I'll c{ ~ "'U) "iii O .c 

QJU w> :=: =, :i: 0 c)l cr:.E I 0 c:) 
__, _ 

NA 0.0 ML SILT; olive (5Y 413), medium plasticity, wet, no odor ~7-3/8-in.-dia. 
borehole 

1--2-in.--dia. Sch. 40 
- - PVC riser 

NA 0.0 (to 57.4 ft) 

' 

~Aquaguard 
bentonite grout 

-, Witt! trace clay - (2.5-55.4 M) 
NA 0.0 

-

- -
NA 0.0 

f 
NA 0.0 V f-CL/MLt Silty CLAY;oiiv;,isv-413):' ,;;-.d,;m-pT;;~city, ;;-.1, ,;;;;;do;-- - -- -

l 
18 o.o ::1--sP-SM~S~ND ~/ih-;,lt": da~ bro'~ (10YR 313)Jlne to-m~~u;;~r-;c; silt-:--

.· m1caceous. wet, very loose ;j) ::,:; -20-40 silica sand 
: -Silt layer ,:.: '.) (55.4-57.4 fl) 

18 

.. l-Sdtlayer ·:c. 1 
•• 

Prepacked well 
i-- screen, 20-40 silica 

.:.:; 1----- --------------------------- i-1:' sand (57.4-62.4 fl) 
.~·' SP SAND, darx ohve gray (SY 3/2) medium, m1caceous, with basalt 2-in. dia. 0.010-in. 

fragments loose wet =- t slot Sch. 40 PVC 

,-.- - == f ~screen 
0.0 § t (57 4-62 4 ft) 

- Silt layer :: ! 10-20 s1hca sanCI 

~f----f-- BASALT -------------------------

=- t outside prepack 
(57 4-64 M) 

Sump (62 4-63 4 ft) 

;:1 
g-' ~~---------- URS Greiner Woodward Clyrle----------~ 



Project: Rhone Poulenc RI/ FS 
1 Project Location: Portland, Oregon 
I Project Number: 5292C0804A.00 00045 

: We!! Location South end of West Doane Lake I Oate{s) lnscalled 

MONITORING WELL 
CONSTRUCTION LOG 
FOR WELL RP-04-16 

1113/00 Time 1400 

Installed By Cascade::."" -..,, i Observed By G. Luk•rt I :Depll1 16.5 feet 

~I 

w 

Method of lnstaUation Hollow~stem auget, annular material placed with tremie 

Screened lnter.1al S ~ 15 feet 1- Zone Upper Aquifer 

Remarks Refer to Log of Boring RP~04~16 for sampling data and Uthology. 

r;:ring Diameter: 

• 10-114 Inches 

~

-;packed We11 Screen: 
Not used ~-------' 

,-----IE.ievation of Top of Riser Pipe: 

round Elevaiioff 

-~ ... ~~h~fiD/'Type of Surface Casing: 

'. __ ~_-inch steel protective casing 

Deoth of Sutface Seal: 

Type of Surface Seat 

Concrete 

f,if;fl----'' lOn"ype of Riser Pipe: 
• 2-lnch-dia. Schedule 4_0_Pc.V.cC ______ ~ 

2-lnch-dia. Schedule 40 PVC 
'.'/,:~,-..{l!n----Screen Slot Size: 

rct;; 

~~ ~·. • ·· Depth of Bottom of Screen• 

I·. ; 1--~J~:1 ... _. Depth of Bottom of Plugged Blank Casing; · · ~ l LJ Type of Backfill or Seal Below Vvell; 
120-40 smc.a sand. (last sampled interval) 

Total Depth of Boring: 

!, NOTE: DIAGRAM IS NOT TO SCALE 
z 
w 

" 

2.5 ft 

1.0 ft 

1.0 ft 

3.0 ft 

s.o It 

15.0 ft 

16.0 ft 

16.5 ft 

I 

~ 
"~--------- URS Greiner Woodward Clyde--------0~, ~~_," 1 i ~ 
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Project: Rhone Poulenc RI I FS 
"'roject Location: 

'roject Number: 

Portland, Oregon 

5292C0804A.OO 00045 

Log of Boring RP-04-16 

Sheet 1 of 1 

: Oate(s} Onf!ed 1113/DD : and Installed 

[~:1:~"J Hollow-Stem Auger (CME 850} 

Sampling 
; Method SPT split spoon 

Size and Type 
of WeU Casing 2:.inch-dia. Scheduie 40 PVC 
-··· -------------
Seal or 6entonite chips 1 .. 3 feet SackfiU 

£ : a; 
a_ .... ' .0 
n,; lB : IV E 
0- :~:, 

0 :~ z 

1 
1 

5 
D1 

15 03 

.j 
j 
I 

25j 
: 

J 

30 

SAMPLES 

I - ff E ff E 
~~~ "" • c.. 

I~ Cl'I Sr .c.. c.~ Cl! 
I Q fl.I 't:) • E·.;; :I: 1~-n1 m~ fl:I QI .Q 

"' a: .0 ' 0:: . .G I :X: 0 

3-2-1 8 o.o 

•-,-, 15 NA 

16 NA 

I 

I 
...... .J .... 

Cl 

.'l 
J'1 
,,:; 
C. 
f: 
(!) 

----··········-! Gealogis.i 
G. Lukert Reviewer 

i 
I 

I 

: Onlling 
Cascade Orillin9, Inc. Tot.al Oepth 16.5 feel ; Contractor of Borehole 

Hammer 
140 lbs 130-inch drop Top al Casing Not available: [)at, : Elevation 

&:reen O.ll10~ioch slot (5-15 feat; ; Apprnximele Not available Perforation Surface Eleval1on 

: Groundwater 8.5 feet bgs on 1/13/00 ATO; water equnibriurn at 6.74 feet below TOC on 3/15/00 i Level{s} 

.,,_ 
0 ~ 

..J "8 
Ji() 
if <ll 

:g~ 
·"' ::, -'-

ML 

MATERIAL DESCRIPTION 

~ Surlace Condiuons: brush undenain by silly sand W>lh grave, 

SAND with :silt; dark grayish brown (1 OYR-412}. medium, trace :silt 1)/f:I 

=-·:_·~_·_:~~·~-~: ~=--. ----__ j 
~ T; ve,ydarl< g,ay(<.5Y :;<1), kaco "'nd wood debris. loose. {t 

FIELD NOTES ANO 
WELL OET AILS 

oocrete (0- ~ ftJ 

inch-d1it :steel 
protedive casing 

2-in.-dia. Sch. 40 
PVC riser (lo 5 ti.) 

······R~-:2-in. dia. 0.010..in. SP SAND with gravel: very dal'i< pray {2 5Y 3/1). coarse, some wood 1·:/? 
. ~ debris, loose. wel Wong odor. v>Sible sheen ,n sample ~r \"· ::;,,:,;~1S~~s';;;C 

SP ~ SAND: bJack. l1DYR 211), coarse. rounded, loose, \i'll'f!t, :Wong -{ii! asump (15-16 tt) 
~ odor, NAPL globules in sample: ·.c.W::-.'.=:-1 
, :: . ..:.,-c."·~· ..;··: ________ , 

Bottom of boring at 16.5 feet. 
I 

r ~ c 

r l l j 
~ 1 

~ j 
i r 

UBS 6rei11er Woodward Clyde 



I Project: Rhone Poulenc RI/ FS 
Project Location: Portland, Oregon 

1 Project Number: 5292COB04A.00 00045 

Well Location South end of West Doane Lake I Date(s) Installed 

MONITORING WELL 
CONSTRUCTION LOG 
FOR WELL RP-04-41 

2/21/00 - 2/22/00 Time 1600 

Installed Sy Cascade Drilling, Inc. ) Observed By G. Lukert I Total Depth 42.0 feet 

j 
a 
w 

Method of \nstallation Air rotary rig, annular material placed with tremie 

Screened Interval 

Remarks 

35 -40 feet bgs I Completion Zone Deep Alluvium 

Refer to Log of Boring RP-04-41 for sampling data and lithology. 

• 

~------Elevation of Top of Riser Pipe: 

r---Height of Riser Above Ground: 

-Ground Elevation: 
... "': .'~ .·-: -~-,~-.... . 
\""_'·;._':" .... ~/-/ .. ' .... ,.< ID/Type of Surface Casing: 

6-inch steel protective casing 

1.s · o· · onng 1ameter: 

7-318 inches 

Prepacked Well Screen: 
20-40 silica sand 35-40 ft 

" 

Depth of Surface Seal: 

1 I Type of Surface Seal: 
I concrete 

14i<J'.l.----~JD!Type of Riser Pipe: 
2-inch-dia. Schedule 40 PVC -------~ 

~ilf----~T ype of Backfill: 
Bentonite chips 

+----Depth of Seal: 

Type of Seal: 
f----i (same as backfill) 

+----Depth of Top of Filter Pack: 

f--{;if'if----Depth of Top of Screen: 

· Type of Filter Pack: 
C/4-----.J 20-40 silica sand 35-40 ft; 10-20 silica sand 

outside prepack 

ID/Type of Screen; 

C:::FiH----12-inch-dia. Schedule 40 PVC 
Screen Slot Size; 
0.010 inch 

l y Type of Backfill or Seal Below Wei!: · L 10-20 silica sand (last sampled interval) 

otal Depth of Boring: 

!, NOTE: DIAGRAM IS NOT TO SCALE 
z 
w 

2.5 ft 

2.0 ft 

33.0 ft 

33.0 ft 

35.0 ft 

40.0 ft 

41.0 ft 

42.0 ft 

1s 
~ 

~ '------------ URS Greiner Woodward Clyde--------"-,--::;-_ -0 -,--1-'_ 1..-\\ 
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\ Project: Rhone Poulenc RI/ FS 

'roject Location: Portland, Oregon 

'roject Number: 5292COS04A.OO 00045 

Log of Boring RP-04-41 

Sheet 1 of 2 

Oa\e(s) Drilled 2/21/DO (drilled) to 2/22/00 (installed) Geologist G. Lukert Reviewer 
and Installed 

Drilling Air Rotary 
Drilling Cascade Drilling, lnc. Total Depth 42.0 feet 

Method Contractor or Borehole 
--

Sampling SPT split spoon 
Hammer 140 lbs I JO-inch drop Top of Casing Not available 

Method Data 1' Elevation 

Size and Type 2-inch-dia. Schedule 40 PVC 
Screen 0.010-inch slot (35-40 feet) ~proximete Not available 

al Well Casing Perforation Surtace Elevation 

Seal or Bentonite chips 2..JJ feel Groundwater Not measured ATD; water equilibrium at 6.43 feet below TOC on 3/15/00 
Backfill I Level(s) 

C 
.Q • ,_ 
•• - . UJ-

.c· ~ - . c.- .c 
IIJ QI I di E 
D~ I!;: ::I 

0 >- z 

5 

10 

01 

15-

02 

20 

11 03 

2511 

SAMPLES 

w- C e E u·-

"' e>cw • 0. 
.£ m - • :} 0. 
iS.. iii Ill 

>. 
o• "C -

E "iii 3: u.c m~ • • 0 OU 
U) a::: :E a::.!:: IO 

3-3-4 10 NA 

3-1-3 18 NA 

3-4-4 18 NA 

"' 0 
...J 
u 
E 
C. 
E'! 

('.) 

c,-
0 • 

...J "C 

.28 
g'u, 
oU 
.c U) 

==> ...,_ 

SM 

SW 

MATERIAL DESCRIPTION 

Surface Conditions: grass a11d soil 

Silty SAND: dark. grayish brown, medium [from RP-04 log] 

SAND; black t5Y 2.5/1), fine lo coal"5e, predominantly medium to 
coarse, angular to subrounded, \oose, wet, vi~ible sheen with 
NAPL globules 

MUMH SILT; dalt gray {SY 4/1 ), medium to high plasticity, trace very fine 
sand, organic debris, loose, moist lo wet. no NAPL globules in 
sample 

yBecomes gray mottled brown (5Y 511) no organ,c debns ~;~ 

~ 
sfrong odor, NAPLglobu\es lz; 

(0VA=124 ppm at borehole] [~ 
,,, 

FIELD NOTES AND 
WELL DETAILS 

-inch-dia. steel 
protecti"e casing 

oncrete (0-2 fl) 

7 -3/8-in. -dia. 
borehole 

2-ln.-dia. Sch. 40 
PVC nser (to 35 ft) 

Bentonite chips 
(2·33 ft) 

r 
ML l Sandy SILT oh,e gray (SY 5/2), med,um plast1c,ty -40% fine ~ 

I 

I sand m1caceous medium dense wet, v1s1ble sheen ;i 
TI a, 6-5-6 4 o.O \OVA=o o ppm at borehole] t; 

3o_J[__'__,_l~~--'~--'-~u__,___!..l.~~"-------~~~~~----~~~--'""'---""'"'----~~~-------1 

~'------------------- URS Greiner Woodward ClycJe---------~ 
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[ Project: Rhone Poulenc RI / FS 
"'roject Location: Portland, Oregon 

;roject Number: 5292C0804A.OO 00045 

Log of Boring RP-04-41 

C: 
Q 

" >-
ID ID 

- ID w-

Sheet 2 of 2 

I 

I 
..t:. ~ 
- ID o.- .c 
QJ fil I© E CJ- g; :J 

... z 
30 ~ 04 

j 
1 
1 05 35-

. 

. 

. 

40-~ 

06 

I 
~ I 

H 
j I 

4s I 

J 
i 

50~ 

1 

55-

SAMPLES 

i . I B E 
lli C o·-

~ C. (0 ~ : ~ 0. ·= ~- {/)' "" a. a.;; If) ~ Ill: "Q ,{ E·~ 3- :g-51 :> mmO 
I.I) 0:: ~ :a:.!:i I 0 

6-5-6 4 

4-4-10 18 

i 
! 

i I o,-
en 0ID 
0 -'.,, 
-' uo 

-U 
0 

is'"' '.E 
0. oU 
i;: .r:; "' "' :::, ('.) _._ 

-

. 

t 
t 

MATERIAL DESCRIPTION 

] 

l 

1 
-

-

l l ~ l 
1 ~ J 

§ ~I! 
~ ni FIELD NOTES ANO 
o. ~ WELL OET AILS 

::::: E .c 
O O 0 s: u <fl 

' I I C I es:.l_...L __ ..L__L_j__L_......;. ________________ _c__-'------1 

~' -- URS Greiner Woodward Clyde 



�����������	�
�

����
���������	����������������������	�����	�������	������
�	�������� ��	�!

���������	��
���
���
��
���

���
���

�
�
�
�
��
�
�
�
�
�

"������������
���#$
%&"��'!$(������!�)!�

)�������������	�����*+&,������������������������ ��	�!

����
���������	������������������������	��������������
	�
������	������������	��������� �����!

��������	�������
�������	����+-)�������	����������	���� 
���!

�����������
���������	��������������� �����!

����
���������	��������������������	����	����������������
�������� ����!

+����(�	�
��
���
��������
���.����"�/

��

��

��

�0

��

��

�������������

�
�
�
�
 
!
"
�
�
�
�

!�#����#�$���
���
%

�
&
��
#�
'
�
(

�
�
!
�
 
�#
&

���&��#� ������� ��$�� (�

)

*

�)

�*

�)

�*

+)

���������!(����#!$���,-,./(�,�,*)

�����0�$

��#��!����#��#� 

����1�������
�
���2�������'3�����4%�#
��5�4���


�
#�
�
!
��
 
!

�
�
�
�
�
�
�
�
�
�

�
�
�
�
# 
�

)1-��1�)6)+)���	�6�

����������# �

��1).1.,

*
%

1
0

,
�

�
��

$
(2

3
�

(3
$

4
$

5
$

�%
6

�4
'

!�
%

7
��

+
�

,
"

�%
8

*
�

�
+

-
)

!�
)

�
��

5
9'

9$
4

�
�
�
�
�
�

���� !������������&��#� $��+�76+�8���

���# �����'�!$����
%

�� �������$����������
43���

"������'����#�

���# �����&��#� $��+.7-.�8���

�
�
�
�
'
#�
��
�
�

!�#��# ��!����$��)/(�6(�))-�1�)/(�,(�))-�����!���$��97���55�

����'����!#������$��-�:
;

&
�
�
�
�
#�
�

�
�
�
!
# 
�
�:
<
<
�
;

!
�
�
�
'
�:
8�
�=
4
5
;



'$9#$�"���	���
�����������

:3;($3

"������������
���#$
%&"��'!$(������!�)!�

��

3$9'$�"���	���
�����������

����
���������	������������������+-) ����!

��	������,���"�/

���������	��
���
���
��
���

���
���

:$

�
�
�
�
��
�
�
�
�
�

�����������	�
�

��������	��!

)�������	����	�
�������������*+&,��������	����������������� 
���!

&�	�����������	.��	�������
��	���������*+&,����������� ����!

��������/����	������<�=$�������!

��

�0

*
%

1
0

,
�

�
��

$
(2

3
�

(3
$

4
$

5
$

�%
6

�4
'

!�
%

7
��

+
�

,
"

�%
8

*
�

�
+

-
)

!�
)

�
��

5
9'

9$
4

�
�
�
�
 
!
"
�
�
�
�

�
&
��
#�
'
�
(

�
�
!
�
 
�#
&

�
�
�
�
'
#�
��
�
�

)1-��1�)6)+)���	�6�

0������	���
������
���#$�%&"�
'!$(������!�)!�����
$!$3$�������������>��

���&��#� ������� ��$�� (�

��#��!����#��#� 

���������!(����#!$���,-,./(�,�,*)

�
�
�
�
�
�

�����0�$

�
#�
�
!
��
 
!

�
�
�
�
�
�
�
�
�
�

�
�
�
�
# 
�

����������# �

��1).1.,

�������������

���� !������������&��#� $��+�76+�8���

+)

+*

.)

.*

*)

**

-)
���# �����'�!$����
%

���# �����&��#� $��+.7-.�8���!�#����#�$���
���
%

"������'����#�

�� �������$����������
43���

!
�
�
�
'
�:
8�
�=
4
5
;

����1�������
�
���2�������'3�����4%�#
��5�4���


!�#��# ��!����$��)/(�6(�))-�1�)/(�,(�))-

&
�
�
�
�
#�
�

�
�
�
!
# 
�
�:
<
<
�
;

����'����!#������$��-�:
;

�����!���$��97���55�



��

������	
���
�������������
������	����

�����������
���

�����	������� ��!"
#$�%�&'"������('�)'*

!'"

+"�

+�!

+,

���--%��
�����(�.��/(��*�����������
�����	
��� 0�
1'

���������	��
���
���
��
���

���
���

����� ����
������+',�-���	�'

���--%��
���
���%�	
���  1��(�.��/(��*%��
�������%�� �1%���
��
��������� �%��
���*'

�����%�	
�1%�-����������
�����2)%��
����	
��� 0����'

���--%�	
�1%�� �1�1��(�.0������'

���������--%�	
�1��(�.%��
����-�������%�
�������
���
�����	
��� %�������
	�������������������*0����'

���������--%�	
�1��(�.������������ �1%��
����-�������0����'

�� �
�����	���������� ���
�������	
�1'

�� �
�����	������ �	���	
�1'

��

��

�3

��

��

��

�������������������������

��������

������������� ������!"#"$%��"&'#(

�
��
�
�
��
�
�

�
�
)
�
�
�
�
�
�
*

�
�
�
�
��
 

%

+

!%

!+

$%

$+

&%

�� ����)���� 

�,-%.-+#

/
�
��
� 
0
�
�

�
/
�
�
�
��
�

"-
1	�1�2
3�4����%�4�������.#�4����5326��#-
1	�1�2
3�4����.#
���+(�4����5326�������� ����
���
1

 
�
�
/
�
�
7
�
�
�
�

��,�-�,�����
�
���8�������09�����31��
��2�3���


%-#!�-!%(%&%��,	�($

4
#

5
3

6
�

�
��

"
�7

+
�

�+
"

8
"

�
"

�#
9

�8
&

'�
#

:
��

�
�

6
�

�#
;

4
.

�
�

2
)

'�
)

.
��

�
<&

<"
8

�
�
�
,
�
�

 ��/����/������������������&%6++�4���

,� ���!�����$

�����������,���� 7������0������

����� �������������&&6&.�4���

 
�
�
,
0
��
��
�
 

������� ���������%'�$"�$%%#�-�!%�%.�$%%#

/
�
�
�
��
*
�
)
�
�

��  ���)*���:6���22���6�����9

�
�
,
�
0
�;
4�
�5
3
2
<

�������������)�������
39���

)���� ����0�������
1

�
�
�
�
�
��
�

�
�
�
�
��
 
�;
=
=
�
<

)���0���������������"�>�#�;
<



&"<!"��� �
��
�� �������

+',

�����	������� ��!"
#$�%�&'"������('�)'*

�3

+"<&"��� �
��
�� �������

3�  ���
���
������ ��!"�#$�%
&'"������('�)'�����
"'"+"������� �����=�*

.�
����6�����

3���� �1�
���-����������--������-�%����1��� ������ �1�1��� �
-
����"�!"�-���	�'

���������	��
���
���
��
���

���
���

++,

!>

,7

!'�

�����������
���

3����	
��� �-
����&����-���	�'

)����%�	
�1%�
�����������
����%����1��4�$6������
�
�������� �������� �0����'

$�
1����--%��
���
���%���	� �
%�� �1�1��4�$6��������
������ �
������'

$�
1���
%�	
�1%�-
���������.���� �
'

���--%���	� �
%�� �1�1�	
��� �-
���,��,�',�-���	�'

.��� ������
�  ��?�,8�-���	�'

��

��

�
�
�
,
�
������������,����

 
�
�
/
�
�
7
�
�
�
�

�������� ����
���
1
"-
1	�1�2
3�4����%�4�������.#�4����5326��#-
1	�1�2
3�4����.#
���+(�4����5326

/
�
�
�
��
*
�
)
�
�

%-#!�-!%(%&%��,	�($

/
�
��
� 
0
�
�

�
/
�
�
�
��
�

�� ����)���� 

�,-%.-+#

�������������������������

��  ���)*���:6���22���6�����9

&%

&+

.%

.+

+%

++

#%

 ��/����/������������������&%6++�4���

,� ���$�����$

������������� ������!"#"$%��"&'#(

��������

�
��
�
�
��
�
�

�
�
)
�
�
�
�
�
�
*

�
�
�
�
��
 

4
#

5
3

6
�

�
��

"
�7

+
�

�+
"

8
"

�
"

�#
9

�8
&

'�
#

:
��

�
�

6
�

�#
;

4
.

�
�

2
)

'�
)

.
��

�
<&

<"
8

)���� ����0�������
1

 
�
�
,
0
��
��
�
 

����� �������������&&6&.�4���

)���0���������������"�>�#�;
<

�
�
�
�
�
��
�

�
�
�
�
��
 
�;
=
=
�
<

������� ���������%'�$"�$%%#�-�!%�%.�$%%#

��,�-�,�����
�
���8�������09�����31��
��2�3���


7������0������

�������������)�������
39���

�
�
,
�
0
�;
4�
�5
3
2
<



j 

:f 

I Project: Rhone Poulenc RI IFS 
Project Location: Portland, Oregon 

j Project Number: 5292C0804A.OO 00045 

Well Location 150 feet west of treatment facility I Oate{s) ln&ta!lea 

MONITORING WELL 
CONSTRUCTION LOG 
FOR WELL RP-05-16 

1113100 Time 1000 

Installed By Cascade Drilling, tnc. I Ob5erved Sy G. Lukert j Total Depth 16.5 feet 

: Method of lnslallalicn HoUow-stem auger, annular materiaJ placed with tremie 

Screened !ntervai 5 - 15 feet bgs [ Completion Zone Shallow Alluvium 

Remarks Refer to log of Boring RP-05-16 for sampling data and lithology. 

Boring Diameter: 

10-114 Inches 

Prepacked Well Screen: 
i Not used 

,-------Elevation of Top of Riser Pipe: 

~--Height of Ri!ier Above Ground: 

round Ele,.,al\on; 

ID/Type of Surface Casing: 
6-inch steel protective i:asing 

Depth of Surface Seal: 

JOrType of Riser Pipe: 
~&------,2-inch-dia. Schedule 40 PVC 

~~---i: Type of Backfill: 
:None 

.----!Depth of Seal: 

!-----,Type of Seal· 
Holeplug bentonite chips 

···········Depth of Top of Fil\er Pack. 

n--"---"l----n,epth ot Top of Screen: 

Type of Filter Pack: _____ ___, 

20-40 silica sand 

: IDfType of Screen: 
· 2~im:h-dia. Schedule 40 PVC 

ct----; 
Screen Slot Size: 
0.010 inch 

: ... , ,., . ···········-·-······-Depth of Bottom ol Plugged 61ank Casing: 

:'<·~ .. I LJType of Backfill or Seal Below Well: 
: 20-<W silica sand (last sampled interval) 

otal Depth of Soring: 

2.5 ft 

1.0 ft 

1.0 It 

3.0 It 

5.0 It 

15.0 ft 

16.0 ft 

16.5 It 

~ , NOTE: DIAGRAM IS NOT TO SCALE 

ffi 
t' 

~ "''---------------- URS Greiner Woodward Clyde--------___) 
7 ,: :::, 1-...C.:.. i 'i i"t 
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I Project: Rhone Poulenc RI/ FS 

'reject Location: Portland, Oregon 

, Project Number: 5292COB04A.OO 00045 

Log of Boring RP-05-16 

Sheet 1 of 1 

Date(s) Dri!led 
1113100 and Installed 

arming 
Method 

Hollow-Stem Auger (CME 850) 

Sampling SPT split spoon 
Method 

Size and Type 2-inch-dia Schedule 40 PVC 
of We!I Casing • 

Seal or 
Backfill 

C 
g .. ~-
" " - " UJ-

Bentonite chips 1-3 feet 

SAMPLES 

" ~ 

"5.- " .c 

" " " E o.& C. >- ~ >- z 
0 

0.0 

5
-~ 01 2-2-3 18 0.0 

,o~ ~ 02 
,_ ,_, 18 0.0 

-

15- ~ OJ 2-,-3 8 

20-

-
-

-

25-

a, 
0 _, 

.H 
~ 
C. 

" 0 

Geolog1st G. Lukert I Reviewer 

Drilling 
Contraclor Cascade Drilling, Inc. 

I 
Total Oepth 16.5 feet 
of Borehole 

Hammer 
Oala 140 lbs/ 30-inch drop 11 Top of Casing Not available 

·1 Elevation 

I Screen 
Perforation 0.010-inch slot (5-15 feet) 

I 

Approx1mete 
Surface Elevation Not available 

Groundwater Level(s) 7 .5 feet bgs on 1/13/00 ATO; water equilibrium al 10.90 feet below TOC on 3115/00 

c,-
0 " _, "C 
u 0 
--U 
g'u, 
oU 
~ Ul .":: => _,_ 

MATERIAL DESCRIPTION 

Surface Conditions; brush 
ML - SILT; yellowish brown (10YR 5/4), medium plasticity, wet 

-

-yBecomes brown (10YR 513). medium plasricity fines, we\ 

Bottom of boring at 16.5 teeL 

-

-

FJELD NOTES AND 
WELL DETAILS 

'flt-Concrete (0-1 ft) 

~rl.inch.-dia. steel %, protective casing 
,/, t{ 1,,-Bentonite chips 
): (1-3 ft) 

4{-2-in.-dia. Sch. 40 
PVC riser (to 5 ft) 

4@§ ··-. 

2-in dia. 0.010-in. 
slot Sch. 40 PVC 
screen (5-15 ft) 

---
== 

-11:(E · "-Sump (15-16 It) 

-

J 

~ 

JO-'---; ---'--------'-----'----------_l_____!_____: ~~~~I'----· ---'------------I 

" ~----------URS Greiner Woodward Clyde------------' 
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I Project: Rhone Poulenc RI / FS 
Project Location: Portland, Oregon 
I Project Number: 5292C0804A.OO 00045 

BNSF Property, north side of tracks, at GP·027 I Qate(s) lr,stalted 
...... 

MONITORING WELL 
CONSTRUCTION LOG 
FOR WELL RP-06-31 

2/8100 Time 0830 l,7·u locaoon 

Ins.tailed By Cascade DriHing, Inc-. f Observed Sy G. Lukert ! Total Depth 31.5 IHt 

j 
j 
al 

Method of Installation Air rotary rig, annular material placed with tremie 

Screened Interval 

Renarks 

24.5 • 29.5 feet bgs I Completion Zone Shallow Alluvium 

Refer to Log of Boring RP~06~-31 for sampting data and lithology. 

Boring Diameter-. 

7~3/B Jnches 

i ?repacked Well Screen: 
: 20-40 silica sand 24.5•29.5 ft 

~-----Elevation of Top of Riser p·pe: 

---+<,eight or Riser Above Ground: 

·········Q-ound E!evaUoff 

IOfrype of Surface Casing 
, . 6~inch !Steel protective casing 

Depth of Surface Seat 
--------------------------~----

: Type of Surface Seal· 
:concrete 

----1Deplh of Seal: 

J Type ot Seal: 
·- ·1 (same as backfill) 

epth or Top of Filter Pack.: 

f...-!iiifM.----Depth of Top of Screen: 

····-··Depth of Bottom of Plugged Blank Casing. 

'--'-"~"""""'- ~ I Type of Backfill or Seal Below Welt 
~:.10.20 silica sand {last sampied lntel'Val) 

·--Tota! Depth or Soring: 

;, NOTE: DIAGRAM IS NOT TO SCALE 

2.5 ft 

2.0 ft 

22.5 rt 

22.S ft 

24.S ft 

29.5 ft 

30,5 ft 

31.5 ft 

I 
oc.__ _________ URS Greiner Woodward Clvde------~------' 



[ Project: Rhone Poulenc RI / FS 
roject Location: Portland, Oregon 

'roject Number: 5292C0804A.OO 00045 

Log of Boring RP-06-31 

Sheet 1 of 2 

Date(s) Drilled 2moo and 2/8/DD I Geologist G. Lukert Reviewer 
and Installed 

Dnlling Air Rotary 
Drilling Cascade Drilling, Inc. Tolal Depth 31 .5 feel 

Method Contractor or Borehole 

Sampling Grab from cuttings, SPT split spoon 
Hammer 140 lbs/ JO-inch drop Top or Casing Nol availabli! 

Method Data Elevatmn 

Size and Type 2-inch-dia. Schedule 40 PVC 
Screen 0.010-inch slot (24.5-29.5 feet) Approxime1e Not available 

of Well Casing Perforation Surface Elevation 

Seal or Bentonite chips 2-22.5 feet 
Groundwater 24 feet bgs on 2/7/00 ATD; water equilibrium at 17.04 feet below TOC on J/15/00 

Backfill Level(s) 

SAMPLES 
m-

C, 0 ~ 
C «i C: ~ E 

0 .J .,, 

g u ·- i:' 
.J .~8 MATERIAL DESCRIPTION • " ~ -~~~ • 0. u g'u, FIELD NOTES ANO 

>- c.- • g. 0. 

" WELL DETAILS .c }~; >~ . ~ •• • E 0~ ~ <{ C. oU 
[iJ ~ Cl~ u.c :" .c U) 

C. " ~~~ wu w> 52.· ~z a::.& J:0 t!) 
0 

I 
Surface Conditions: gravel inch,dia. steel 

protective casing 

oncrete (0-2 fl) 

5 
01 NA NA 0.0 ML SILT: dar1c:: gray (SY 4/1), medium plasticity, dry to damp, no odor 

10 
02 NA NA 0.0 

T Becomes damp 

15 
0.0 MLIMHr Sil T~w~hci~i;" dark9r;y (sY4/,i,-m"eciTu;;; tohiQn p1;stic~~ wOcxl-r debn,. damp lo wet. no odo, 

o, NA NA 

ML-~ siL T-wiU,-gi.:;-er; darkg,;;-y (SY 411),-;;,ediu;;; plastic,ii.- -----
~ -15% angular g,avel, lraceclay, mo.isl. no odoc 

NA NA 0.0 

i 

'.l-4-3 1B 0.0 

ML-~ siL T; dark gcey (SY 411)~0-;;,ea,ga;;;cs, i;;osO: ;:;., -- - - - -

II ~--------------- URS Greiner Woodward Clyde------------' 



I Project: Rhone Poulenc RI/ FS Log of Boring RP-06-31 
·oject Location: Portland, Oregon 

roject Number: 5292C0804A.OO 00045 
Sheet 2 of 2 

SAMPLES I 

1~ 
,,,_ 

"' 
CW 

g 11) c:. ~ E 
0 ...J 'O a.~ ...J U C ". .u MATERIAL DESCRIPTION i ro FIELD NOTES ANO ~ .r ! "' '"" ! g; :!! 8'0 >- a.- l?.!!:!-

! r:i §i • a.j WELL DETAILS 
" " " " ~ E f·*; i~ "'- oU = E..c: [j~ C.! - :, • a : iii-5 i! a~ (L) 0 o:.,: 

~z Cf.I er. :0 :a:,;, lo <:!) ...,_ ii: u (J) : 

30 06 3-2-5 • 16 ao EH SM Silty SA,._;O; dark gray (SY 41:). --30% lines, loose, saturaled 'J J"" r-Sump in 10-20 

... ,, .... ·. silica sand 
, I I 1 "' ~l!T• ,,1.,..i,,.~..,.,,;.vAM' .,,.,,,,_.,.,_,.. (29.5-30.5 tt) 

. . Bottom of bonng at 31.5 feet 
i 

~ 
35- l -

" . 

- ' 
-

40- ~ -

,. 

r 

r 
1 

45- -
. J 
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. 
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I Project: Rhone Poulenc RI IFS 

I 
Project Location: Portland, Oregon 
Project Number: 5292COB04A.00 00045 

Well Location BNSF Property, north side of tracks, at GP-027 I Date(s) Installed 

MONITORING WELL 
CONSTRUCTION LOG 
FOR WELL RP-06-87 

217100 Time 1JOO 

Installed By Cascade Drilling, Inc. !Observed By G. Lukert I Total Depth 88.0 feet 

j 
~ 

I 

Method of Installation Air rotary rig, annular material placed with tremie 

Screened Interval 

Remarks 

81 - 86 feet bgs I Completion Zone Deep A,iuvium 

Refer to Log of Boring RP-06-87 for sampling data and lithology. 

"--~- :' ~- -·:"''.-.. 
,.. o.: ~ <>.-_ .. 1 . - .. 
~ ·;.;- .,,._. ·. ~-_.;, !'. I _. ... ,. ..... - ..... 

Boring Diameter: 

7-3/8 inches 

I ?repacked Well Sc:reen: 

20-40 silica sand 81-86 ft 

--------Elevation of Top of Riser Pipe: 

---Height of Riser Above Ground: 

round Elevation: 

JD/fype of Surface Casing: 
6-inch steel protective casing 

Depth of Surface Seal: 

Type of Surface Seal: 
Concrete 

~~-----1 ID/fype of Riser Pipe: 
2-inch-dia. Schedule 40 PVC 

..-----!Type of Backfill: 
Aquaguard bentonite grout 

4------IDepth af Seal: 

c------iType of Seal: 
(same as backfill) 

-+----Depth of Top of Filter Pack: 

i i'.sr-..+~+-----Depth of Top af Screen: 

Type of Filter Pack; 
'4c-------120-40 silica sand 79-81 l't; 10-20 silica sand 

I outside prepack 

'!Drrype of Screen: 
2-inch-dia. Schedule 40 ?VC 

Screen Slol Size: 
0.010 inch 

ot.al Depth of Boring· 

;• NOTE: DIAGRAM IS NOT TO SCALE 

0 

2.5 ft 

2.0 ft 

79.0 ft 

79.0 ft 

81 .o ft 

86.0 ft 

87.0 ft 

B8.0 rt 

l 
I 

~ 
~~--------- URS Greiner Woodward Clyde-----~Q-

0
--r-.-.-r.-_-1,......,,---r 



Project: Rhone Poulenc RI I FS 
'roject Location: Portland, Oregon 
'roject Number: S292C0804A.00 0004S 

Log of Boring RP-06-87 

Sheet 1 of 3 

Cale(s) Driller: 2!1/BO 
and 1'1StaHed 

' ' Geolog1sl G. Luker1 

Drilling 
, Method Air Rotary 

Drilling 
Contractor Cascade Drilling, lnc, 

I Sampling Gtab from cuttings, SPT split spoon Hammer 
i Method Da!a 

140 lb:$ f JG-inch drop 

Total Depth 
of Borehole 

Top of Cuing 
Elevation 

8&.o feet 

Not available 

Slu and Type 2.-inch-dla. Schedule 40 PVC Screen 
of We!! Casing ··------------+!~P~e_rloration ... 

o.o,o-lnch slot (81 ~86 feet} Approximete 
Surface Elevation Not available 

Sealor 
8aclef:1! 

<= 
.Q 
;;; 
>-., ., 
-m W-

Aquaguard bentonite grout 2-79 feet 
I Groundwater 
i Level(s) Not measured ATO; water equilibrium at 24.32 feet below TOC on 3115/0Q 

' 

,, ~I 
...., ' Gl i 
Q..oj ! .0 ' 
4> .i> «> E i 
a._~~ I ,-. z 

0 

1 
5-

·~ 01 

a 

25] 05 

I J 
' 

-j 

I 
30 

SAMPLES §_g 

w- C 
u·· 

.~ ~::: 
ti; 
~~~ 

NA 

NA 

NA 

I 
c,-

C, 0"' :=11n 
: ~ E 0 ...J" !e 

i ...J 00 
MATERIAL DESCRIPTION - E " ~ C. ·- (.) .11 g,"' 'ii O...: m l} C. J;; ~~ >~ 

om ti~> Q. 0 (.) 
u.c ~ .= (JJ . ., " ll> "' :::, :er.= IO <.:) ...J-

I l Surface Conditions: grass 

I 

I 

' 
'I - -

NA 0.0 ML SILT; very dark gray {SY 311), low to medium plasticity, trace 11ery 
I tine sand, sllghtly mic.aceous:, Q'amp. no odor 

NA 0.0 ~ -

I t 
~ 

NA 0.0 ~, lneteasing moisture -

I ~ 

I ,,,_ l -
NA 0,0 ,• { ~~ GM Silty GRAVE .... very dark gray (SY 3/1), angular to subrounded 

NA 

i 

~f ~ _ b• salt lraj;ments ~•h Silt malnx mo,sl no odor 

~;~ ~ 
~f~--------------------------------- -{l.0 ' , !.T ML Sandy SILT, very dark gray (SY 3/1}, medium plasticity, 
. [ I -20% sand ma,s\, no odor 

I 
11 i 1 

t 

FIELD NOTES ANO 
WELi. OET AILS 

lt-'tl-inch-dia steel 
protective casing 

>-Concre'.e (0·2 ft) 

.*7-3l8-1n.-dia. 
t:orehole 

-2-ir1,-di;:1s Sch. 40 
PVC ri$e.r(to 81 rt) 

•··-Aquagu.ard 
behtonile grou! 
(2,79 •1 

I 

~I !. '---------- URS Greiner Woodward Clyde-----------' 



~ 
> z 
w 

: 

\ Project: Rhone Poulenc RI / FS 
,,eject Location: Portland, Oregon 

'roject Number: 5292C0804A.00 00045 

Log of Boring RP-06-87 

Sheet 2 of 3 

SAMPLES 
I c,-

"' 
0 • C Ill- C: 

~ E 
0 .J "C CUI .Q u ·- ~ 
.J -~8 MATERIAL DESCRIPTION ·~ ~ FIELD NOTES AND <ii .c· 

~ -~~~ • 0. .g ~en • 5l- 0. c. ~ WELL DETAILS >- a.- .0 a. U) 11'1 >W .c oU •• • • • E ow "C • 0. = E..c: [j ~ o..!!! 0. ~ E·.;; ~ u"' ~~ ~ ,c Cl) • 0 U •• 0 .u :: =:i s: () Cl) ~z 00 cc: :a a:: .5 IO ('.) .J-
30 

I 
V --7-3/8-in.-dia. 

V ·oorehole . 

I 

[ 
i V 

V 
V 

~ 
V 

r: V 
'-2-in.--dia. Sch. 40 35] r-· "'" ~ """"" m ~"""'""" ~· 

- PVC nser (to 811'1:) 
06 NA NA 0.0 ML 

/ V 

V v . 

/ V . 

~ ""' --~""' ,.. 
v V · --Aquag\1ard 

[~ 
bentornte grout 

40- - 12·79 M) 

/ V 

I/ , l ,' 
V 

V 
I/ 45-1 07 

' ~ -- -------------------------------
NA NA 0.0 ML SILT, very dark gray (SY 3/1) medium p!ast1c1ty -10% fine 

. sand, wet 

-

a 

C 

50-
~ DB 

~ -
NA NA 0.0 

a 

55] - ~ -- ----------------------------- -o, NA NA 0.0 

1 
I 

I 
601 

r 
-

i 
I t ~ 

. 

I 
·· 1 

r ~: 
65 I I 

. 
URS Greiner Woodward Clyde 
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I Project: Rhone Poulenc RI/ FS 
~roject Location: Portland, Oregon 

roject Number: 5292C0804A.OO 00045 

SAMPLES 
o,-

O> 0 " = V C: ~ E .5 ...J "O 

-" og~ le' .!:? 8 .; 5 :;; • Q_ -" g,"' ; fU ..... • :;:- Q_ ,,._ a.- £; ti; >~ ,:; 

'"' ., " " E 81' "O - Q_ 0 () 
WJ! Os! m <( !!! ,:; "' Q_ " m" o "0 "> ~::, 

,':: 2 1J) cr:: 3 ,,:_, IO. CJ ...J~ 
65 ML 

,o NA NA 0-0 

70 
11 2-3-3 18 0-0 

J 

i 12 3·2-4 9 0-0 

80 

85 13 3 0-0 

SPiGP 

90~ 

J 

9J 
J 
' 
1 

100 

Log of Boring RP-06-87 

Sheet 3 of 3 

I= 
.S,! 

MATERIAL DESCRIPTION .; FIELD NOTES AND 
E WELL DET AJLS •• •• ,: i 

i 3:: ". u, I 
SILT; very dark gray (5Y J/1 J, !race very fine sand 7-J/8-in_-dia. 

borehc1e 

-----Silty to dayey ,ery 
rounded ba!5alt fragmenl.S 

2-in.-dia. Sch_ 40 
-------- PVC riser (10 S1 ft) 

SAND with sill; very dark gray (SY 3/1 ), fine, mieaceous, trace 
!cm plasticity fines, loose, wet 

rBecomes btown (10YR 4/3) 

Aquaguard 
bentonih: grout 
(2·1S,) 

Boring tenninated at 88.0 feet. 

J 

i 
j 

--------- URS Greiner Woodward Clyde------------
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PROJECT: RPAC • POX START CARD/TAG NO.: 147580/L55513 BORING No.: RP-07-30 PAGE 1 OF 1 

Elevation Reference: City of Portland Datum Well Completed: 4122/02 

Casing Elevation: 35.26 Feet 

BOring Method: Hollow Stem Auger 

Borehole Diameter: 6.2.5" I.D. Relative Ground Surlace Elevation: Approximately 35.50 Feet Ill 
UJ 
Ill 
>
.J 
<[ 
z 
<[ 

Depth 
{feet) 

a 

5 

10 

15 

20 

25 

SOIL DESCRIPTION 

::r qp_soiL..... . . ...... . 

SANDY SILT (ML), brown, some clay. 

SANDY SI.LT (ML), dark gray, some clay. 

= ~ - = C. .c 
£ E .. = 
"' z 

= 
C. = 
E c. 
m ~ 
Ill >-

l!I 
~ C 
C 0 
- 0 "' () 

• 
= "' s~ 
.!!! .. 
c .• >"' 

(ppm) 

' 

~ 
·SW 

AS-BUILT DESIGN 

Flush Mounted 
Monument 

Concrete Surface 
Seal 
Locking Cap 

Casing . 
(2-inch ID, 
Schedule 40 PVC) 

,10120 Colorado 
Silica Sand 

Screen (2.0-inch 
ID Schedule 40 
PVC Prepack with 
10/20 Colorado 
Silica Sand with · 

SANDY SILT. (ML), mottled dark gray 0.010-inch slots) 
and brown, some clay. Threaded End 
Total de th = 30 .0 feet. c · Jo-.... ~~...i.~~~~~~~~~~~~...i __ _L_ _ __Jc__ _ __L _ __J __ .L_J~ ~~a~-----~--, 

~ Static groundwater level 
measured on 5/3102 

. Drilling Started: 4112!02 

LEGEND 

R~ Groundwater Analysis 
( s~~E}, (8260B, 8041, OR 8270C-SIM, 

8151 A, 8290: 6020 Total & 
Dissolved, NAP) 

Drilling Completed: 4122102 

PROJECT NUMBER: 0-61 M-10703-0 T43 

RPAC 

~P_o_r1_1a_n_d_,_o_,e_g_o_n __________ _,1 ·; 

AMEC EARTH & ENVIRONMENTAL, INC. 
7376 SW Durham Road 
Portland. Oregon 97224 
Phone (503) 639-3400 FAA (503) 620-7892 

Logged By: L Janczak 
\10703\RP7'30.DRW 



PROJECT: RPAC • POX START CARD/TAG NO.: 147581/L55512 BORING No.: RP-07-55 PAGE 1 OF 2 

Elevation Reference: City of Portland Oatum Wen Completed: 4122102 - Boring Method: Hollow Stem Auger 

: R&latlva Ground Surtac:e Elevation: Approximate 35.50 feet Casing Elevation; 35.20 Feet Borehol& Diameter: 6.25" 1.0 . 

pth 
feet) 

0 

s 

10 

15 

20 

2S 

SOIL DESCRIPTION 

.Topsoil. __ --------··-·· 

SANDY SILT (ML), medium stiff. damp, 
brown to gray, clay and roots, (posS1bly 
oxidized). 

SANDY SILT (ML), soft, damp to moist, 
gray to brown, clay and roots, ( clay 
content and moisture decreases). 

CLAYEY SILT (ML), soft, damp to moist, 
gray to brown, some sand, (clay content 
decreases and moisture increases). 

SILT (ML), medium stiff, moist, dark 
brown. some sand (<20%). 

.... -·-····-·-·····-·-----·· .. ········-----
SAND (SP), medium dense, moist, dark 
gray to black, fine-grained, silt (<10%). 

LEGEND 

+ 

.. ~ 
" l!l A..8 1:i. .. 

~ " E E E c. 0 :, "'~ I:~ - 0 
"' z "' () 

10 

5 

4 

10 

13 

., .. "' - " ' ;:. =c 
i .! m 
C" > ct 

(ppm) 

0.3 

0.1 

0.5 

0.3 

0.2 

.,, 
" ~ 
:, " o-
~ .. 
Cl :;: 

_y_ 
SW 

AS-BUil T DESIGN 

Flush Mounted 
Monument 

Concrete Surface 
Seal 

Locking Cap 

Bentonlte Grout 
with 30% Solids 

Casing 
(2-inch ID, 
Schedule 40 PVC) 

T 2.()..tnchOO 
~ spllt~spoon sample 

. .0 with % recovered 

.,i/,i,,.. Groundwator Anal)'"is RPAC 

~ Static groundwater 1..,e1 
measure<! on 513/02 

~ (l!.260B, 8041, OR 8270C-SIM, Portland, Oregon 
8151A, 8290, 6020T-I & 
Dlssolved,NAPJ 

AMEC EARTH & ENVIRONMENTAL, INC. 
7376 SW Durham Road 
Portland, Oregon 97224 
Pl1one (503) 63S-:l400 FAX (503) 620-7892 

Orllllng Started; 4/22102 Dt1Uing Complel,oQ: 4/22/02 Loggod By: L. Jancza~ 



PROJECT: RPAC - PDX START CARDrTAG NO.: 147581/L55512 BORING No.: RP-07-55 PAGE 2 OF 2 

Elevation Reference: City of Portland Datum 

Relative Ground Surfacs Elevation: Approximately 35.50 Feet 

pth 
(feet) SOIL DESCRIPTION 

. -- . C..,, 
E E 
m = 

Well Completed: 4/22/02 Boring Method: Hollow Stem Auger 

Casing Elevation: 35.20 Feet Bo1'9hole Diameter: 6.25" I.D. 
~ 

.!! J!! . "' 'O 
C.. = .E C • 3 C - "C = J!! E c.· 0 = .!!! m o m m >. - 0 0 • 

AS-BUILT DESIGN 

JO --j------------------t'~=----t~.;,,,?t-~~-h'c i; s: en z Cl) I- m CJ > a: 
(ppm) 

35 

40 

45 

50 

55 

SAND (SP), medium dense, damp to 
moist, dark gray to black, fine- to 
medium- grained, silt (<10%). Organic 
odor. 

SILT (ML), medium stiff, wet, gray to 
brown, fine-grained sand (approximately 
20%). 

--- ---- -----·-·· --- •••••••• - -· ••••••• L -

SIL TY SAND (SM), loose, wet, brown 
and gray mottled, fine-grained. 

sANo·(sPf mea,um· cfense: wet;l>rown,· - -
fine-grained. 

SAND (SP), loose, wet, brown, fine-
grained. 

SAND (SP), medium dense, moist, black 
and brown mottled, fine- to 
medium-grained. 

Total depth = 55. O feet. 

12 0.1 

15 0.0 

4 0.0 

9 0.0 

5 a.a 

16 0.1 

Bentonite Grout 
with 30% Solids 

Casing 
(2-inch ID, 
Schedule 40 PVC) 

10/20 Colorado 
Silica Sand 

Screen (2.0-inch 
ID Schedule 40 
PVC Prepack with 
10/20 Colorado 
Silica Sand with 
0.010-inch slots) 

Threaded End 
Cap 

"' w 
en 
>
..J 
.,: 
z 
.,: 

· 60--'-----------------~--'--~--~-~---'-------------'----I 

LEGEND 
PROJECT NUMBER: 0-61 M-10703·0 T43 

j 2.0~inch OD 
split-spoon sample 
with % recovered 

;c- Static groundwater level 
W measul"8d on 513102 

Drilling Started: 4122102 

/l,_ Groundvr.tter Analysis RPAC 
~ (82soe, 8041, OR827DC-SrM, Portland, Oregon 

8151A, 8290, 6020Total & 
Dissolved, NAP) 

Drilling Completed: 4122102 

AMEC EARTH & ENVIRONMENTAL, INC. 
7376 SW Durtiam Rooo 
Portjand, Oregon 97224 
Phone (503) 639-3400 FAX (51J3) 620-7892 

Logged By: L Janczak 
\10703\RP755P2. RW 



PROJECT: RPAC • POX START CARDrTAG NO.: W147582/LS5511 BORING No.: RP-07·B4 PAGE 1 OF 4 

Elevation Reference: City of Portland Datum Well Completed: 4'22102 Boring Method: Air Rotary 
Reltttive Ground Surface Elevation: Approximately 35.50 Feet Casing EJevatton: 35.22 Feet Borahole Dlamater: 7.0" o.o. ., 

w 

Depth 
feet) 

0 

5 

10 

15 

20 

25 

SOIL DESCRIPTION 

Topsoil. __ .. _ ......... _ .. _ ....... . 

SAND (SP). dry, dark brown to gray. 

SAND (SP), dry, dark gray, poorly sorted 
with some silt, approximately 10% gravel, 
grain-size increases. 

SANDY'S]L T(M[J;ijfy; cfarf< gray'wlffi .. - -
some organics. 

SILT (Ml), dryto moist, dark gray with 
clay. 

SAND (SP), dry, dark gray, poorly sortecf. 
with silt, gravel, and wood debris. 

Encountered laige piece of wood -
difficult drilling. 

.. ~ - .. 
Q. "' E E .. :, 
th 'Z. 

J!l 
~ = 0 :, 
- 0 a, 0 

.. .. "' =S -" ~ = > 0:: 
(ppm) lFlush Mounted 

Monument 

Concrete Surface 
Seal 

locking Cap 

Bentonlte Grout 
with 30% Solids 

Casing 
(2-inch ID, 
Schedule 40 PVC) 

"' >-
.J 

~ 
< 

30-1-·=·=-----=·=------=--=·~---------------=··---=·----L__JL_ _ _J_ _ _J__...J._...J... 

LEGEND 

~ Encounll>ted ground-r level 
while drilllng 

~ Static groundwater l&vel 
measured on 5/3102 

n Groundwater Amllyois 
~~ (ll:1809, 8041, OR B270C~IM, 
Lll!llW.) 8151A, 8290, 6020 Total & 

Dissolvad, NAP) 

or1mn9 Started: 4/15/02 Drl!Ung Complamd: 4/Zl/02 

PROJECT NUMBER: 0-61M-10703-0 T43 

RPAC 
Portland, Oregon 

• AMEC EARTH & ENVIRONMENTAL, INC. 

7376 fNV Durham Road 
Portland, Orega, 97224 
Phone (503) 639-3400 FAX (503) 620-7892 

· \107:03\RP784.0RW 
Logged By: J. Fusio/L. Jancak 

<7-P-rrr-'ZJ--l 



PROJECT: RPAC - POX START CARD/TAG NO.: W147582/L55511 BORING No.: RP-07-84 PAGE 2 OF 4 

Elevation Reference: City of Portland Datum Well Completed: 4/22102 Boring Method: Air Rotary 
R&latlve Ground Surface Elevation: Approximately 35.50 Feet Casing Elevation: 35.22 Feet Borehole Diameter: 7.0" 0.0. <I) 

w 
<I) 

Depth 
("feet) SOIL DESCRIPTION 

.. ~ - .. 
C. .c 
E E 
• :, 

.. 
Q. .. 
E c. • >, 

" C, 

~ .!!! C 

~ :;:; i:i 
:, .!!! .. .E 0 0 .. 

<I) z "' I- m u > 0: 
(ppm) 

,o ~~~~~~~~~~~~~~~~~--I'"--='-+--"'--'---'--"'-'"'--"-

35 

40 

45 

50 

55 

SANDY SILT (ML). wet, dar1< gray, 
(approximately 20% sand). 

SANDY SILT (ML), dense, wet, dark 
gray. 

SANDY SILT (ML), wet, dark brown. 

SIL TY SAND (SM), wet, dark brown, 
sand content increases. 

LEGEND 

~ Encountered groundwater level 
WO while drilling 

~ Static groundwater level 
S measured on 513102 

i 

D Groundwater Analyg.la 
~!°'· IB280B, 8041, OR B270C-SIM, 
LSllllli) 8151A, 8290, 6020 Total & 

Dissolved, NAP) 

Drilling Started: 4115102 Drilling Completed: 4122/02 

"C 
C ~ 
:, .. 
o-
~ .. 
C) ~ 

AS-BUILT DESIGN 

Bentonite Grout 
with 30% Solids 

Casing 
(2-inch ID, 
Schedule 40 PVC) 

PROJECT NUMBER: 0-61M-10703-0 T43 

RPAC 
Portland, Oregon 

~ 
< z 
< 

AMEC EARTH & ENVIRONMENTAL, INC. 
7376 SW Durtiam Road 
Portland, Orega, 97224 
Phare (503) 63&-3400 FAX (503) 620.7892 

\10703\RP784P2.DRW 
Logged By: J. FassiolL Janczak 



PROJECT: RPAC - POX · START CARD/TAG NO.: W147582/L55511 BORING No.: RP-07-84 PAGE 3 OF 4 

Elevation Reference: City of Portland Datum 

Relative Ground Surface Elevation: Approximately 35.so· Feet 

Well Completed: 4/22/02 

Casing Elevation: lS.22 Feet 

" a, I., a, !l _.'l! _g, 
Depth 0.. _g Q. GI 

ffeet) SOIL DESCRIPTION e. § 5 ~ ~ 5 .ii ~ 

Boring Method: Air Rotary 

Borehole Diameter: 7 .O" 0.0. 

AS-BUil T DESIGN 
- ....... .9o om 

, 0 .--1~~~~~~~~~~~~'---~~--t'"'-'--"z'-+-~"'~1-'---+-""'~"--1,;=>'-'0::'c-/-=-.::....f
(ppm) 

65 

70 

75 

80 

85 

-GRAVELLY SAND (SP), wet, dark brown 
and black. 
SAND'(G-i't<\ VEI -(GP); weC dark -iirown --
and black, (approximately 80% basalt 
_gravel, 20% mixture of chert, quartz, and 
scorria). 
Produ~ing large amounts of water. 

SANDY GRAVEL (GP), dense, wet, 
mottled black and brown, mostly basalt 
gravel. 
SANDY GRAVEL (GP), medium dense, 
wet, mottled black and brown. 

Producing large amounts of water. 

GRAVELLY SAND (SP), wet, mottled -
black and brown, (gravel constists of 
approximately 80% basalt, 20% quartz, 
granite, and chert). 

GRAVELLY SAND (SP), dense, wet, 
mottled black and brown, sand is 
approximately 90% basalt. 

Bentonlte Grout 
with 30% Solids 
(Total Bentonlte 
Grout used = 880 
gallons) 

Casing 
(2-inch ID, 
Schedule 40 PVC) 

20140 Colorado 
Silica Sand 
(Transition Layer) 

10/20 Colorado 
Silica Sand 

Screen (2.0-inch 
ID Schedule 40 
PVC Prepack with 
10/20 Colorado 
Silica Sand with 
0.010-inch slots) 

Threaded End 
Cap 
Coated Bentonlte 

. Pellets (55 gallons 
used to seal borin 
from 85.0-11?.0 
feet BGS. (As 
casing pulled out 
due to sediment 
caving. Total 

"' w 
"' >
.J 
.,: 
z 
.,: 

so~~~--=--=--=-=--=--=-=--=--=-=--=-=-=--=--=--=-=--=--=-=--=--=-=--==~~~~~~~~~~~~ _...,d,,ae"'11th"-=::.1.c.1"""' . ...u;""'".1.1...~---1 

LEGEND 
I 

_y Encountsred groundwater level 
WO 'tYl'lile. drilling 

~ Static groundwater level 
measured on 513/02 

PROJECT NUMBER: 0-61M-10703-0 T43 

,,n" Groundwater Analysis RPAC 
.NA°', (82608, 8041, OR 8270C-SIM, 
'~ 8151A, 8290, 5020 Total & Portland, Oregon 

Dissolved, NAP) 

AMEC EARTH & ENVIRONMENTAL, INC. 
7376 SW Dumam Road 
Ponjand, Oregon 97224 
Phone (503) 63&-3400 FAX (503) 62D-7892 

Drllllng Startod: 4115/02 Drilling Completed: 4/22/02 
\10703\RP764P3.DRW 

Logged By: J. Fassio/L. Janczak 



PROJECT: RPAC - POX START CARDfTAG NO.: W147582/L55511 BORING No.: RP-07-84 PAGE 4 OF 4 

Elevation Reference: City of Portland Datum 

elative Ground Surface Elevation: Approximately 35.50 Feet 

Well Completed: 4/22/02 

Casing Elevation: 35.-22 Feet 
Boring Method: Air Rotary 

Borehole Diameter: 1.rr O.D. 1/) 
w 

Depth 
'feet) SOIL DESCRIPTION 

~ 

.!! m 
C. .c 
E E 
m ~ 

.!! 
c. m 
E c. 
m ,.. 

m 

!! m "' - C ;:; =c ~ C 
~ .!!! m 

.2 0 0 m 
1/) z 1/) >- Ill () > a: 

(ppm) 
90-+=-::--::::--:-::-,-,-,=-,.,,.,-,,.--,----,--,--,----t==-='-t-"'-'::..._+-""""--h"" 

SIL lY SAND (SM), dense; wet, dark 

g 

10 

10 

11 · 

11 

brown to black, fine,-grained with gravel 
(basalt, quartz, and chert). 
(Approximately 70% sand, 20% silt, 10% 
gravel.) 

SANDY GRAVEL (GP), dense, wet, dark 
brown to black, with sill. (Approximately 
70% basalt, quartz, and gran~e gravel, 
25% sand, 5% silt). 

Sand content decreases below 97.0 feet. 

GRAVEL (GW), very dense, dark 
brown to black, with some sand and 
silt. (Appro)limately 95% gravel, 5% 
sand and silt). 

SANDY GRAVEL (GP), very dense, wet, 
dark brown to black with-sand and silt. 
(Approximately 70% giqvel, 20% sand, 
10% silt.) 

Total depth= 114.0 feet. 

"' C ~ 
~ m o-
~ m 
(!) ;:: 

AS-BUILT DESIGN 

Coated Bentonite 
Pellets (55 gallons 
used to seal boring 
from 85.0-112.0 
feet BGS. (As 
casing pulled out 
due to sediment 
caving. Total 
depth =112.0 feet.) 

Bottom 2.0 feet of 
borehole c;aved/ 
heave from 112.0-
114.0 feet 

~ .. 
% .. 

12:Cl-_J_ __ _,_ _____________ .L_ _ _J_ __ .L_ _ _J_ __ .._ _ _J_ ____________ c__--i 

LEGEND 

.Y. Encountered groundwater level 
WO while drilllng 

~ Static groundwater level_ 
W measured on 5/3/02 

.n. Groundwater Analysis 
~~ (82606, 8041, OR 8270C-SIM, 

8151A, 8290, 6020 Total & 
Dissotved, NAP) 

Drilling Started: 411 S/02 Drilling Completed: 4122/02 

PROJECT NUMBER: 0-61M-10703-0 T43 

RPAC 
Portland, Oregon 

AMEC EARTH & ENVIRONMENTAL, INC. 
7376 SW Dumam Road 
Portland, Oregoo 97224 . 
Phone (503) 639-3400 FAX (503) 62D-7892 

Logged By: J. Fassio/l.. Janczak \10703\RP784P4.DRW 
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STATE OFOl;tEGON \\ () •• ~j ~.J' WELL 
~ 

/ i'.ooo33 
MONITORING WELL REPORT l'lfKV>W ,.D. # 
la.I requJffll by ORS 537.765 & OAR 6,0...140--095) 

L32.! ?C, 

Stan Cant #._,L-=2.,=-g-"o"-'-11-1----------
lnstrucil ns (or com letl lhls re rt are on the la.st e or lhls (onn. 

tgf' New construction 

[)'t:onvcnion 

Zip ---

D AJ&cn.lion (Repair/Rocoad.icioo) 

D Deepening D Abandonmcnl 

(J) DIULLING METHOD .. 
~Rotary Air 

D HollowS1anAuac, 

D Rou,yMud 
D Cllhct _______ _ 

) BOltE HOLE CONSTI{UC'llON 
, "d:I No 

D ri;;;rr>~ I Sped.a.I Stallduds ~ lloplb of compk:ICd wcll.~~...._z.,_ ___ h. 

Land sum.cc 

\lonumenl 

Seal 

~ft. 
TD 

.Y&rt. 
) 

!?o 
':J-'183' 

Filter 

.h ft. 
TD 

~ft. 

Casing 
2-• diamcu,, - ~1/C__.. 

V..hlcd Threaded Glued 

D ~ D 
Lina 

in. 

(6) LOCATION OF WELL By,legal description 
Yk.11 Location: Counly 1YJ~~ 

Township IN (NorS)Rangc1<EorW} Sec1ion Lo 
5£ 114 or · NW 114 or abaw: section. · 

2. Either Str=1 addrcsa of well. loqiion ftn-tt.o:..ot 
eflM NW (o/SJAv& ~•ojl_ 

or Tulo1.numbcrofwdl~oo. €,DQ 
J. AlTACH MAPWl'l'll l,Q(;ATION WENTlflEI>. l\1y ...U ladude 
appnxlmatc sc:al1 and 11911b frl1)W, 

(7) STATIC WATJ;!ll,lJ;;VEL: 
• ~ Ft. below laad_ 1,rface. 

Attcai Pressure . lb(-,,. iD.. 

(8) WATER B~G ZQNES: 
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Project: Rhone Poulenc RI I FS 

Project Location: Portland, Oregon 
Project Number: 5292C0804A.OO 00045 

Well Location Gould Property I Dale(s) Installed 

MONITORING WELL 
CONSTRUCTION LOG 
FOR WELL W-04-89 

1/26/00. 1127/00 Time 1600 

Installed By Cascade Drilling, Inc. [ Observed By G. Lukert I Total Depth 90.2 feet 

5 
~ 
w 
~ 
~ 

' " <: 
~ 
r 
~ z 
0 
C 
~' 

Methoci or Installation Air rotary rig, annular material placed with tremie 

Screened Interval 

Reman(s 

BJ - 88 feet bgs / Completion Zone Deep Alluvium 

Refer to Log of Boring W-04-89 for sampling data and lithology. 

!
· .. ·.::-.::·. 

c ~ v ; • .. I ~ .. - .. · .. ~ - .. ,._ . 

Boring Diameter: 

7-3/8 inches 

Prepacked Well Screen: 
20-40 silica sand 83-88 ft 

. . 

~------Elevation of Top of Riser Pipe: 

Height of Riser Above Ground: 

ID/Type of Surface Casing . 
6-inch steel protective casing 

Depth of Surface Seal: 

I Type of Surface Seal: 
jconcrete 

l',i!,1-----.j ID/Type or Riser Pipe: 
2-inch-dia. Schedule 40 PVC 

~,ol----_,jType of Backfill: 
Aquaguard bentonite grout 

.----,Depth of Sea!: 

_j Type of Seal: 
I {same as backfill) 

---Depth or Top or Filter Pack: 

,-,.,..i,C-f------Oepth of Top of Screen: 

Type or Filler Pack: 
..«-------,20-40 silica sand 81-83 ft; 10-20 silica sand 

outside prepack 

i 10/Type of Screen: 

l=:lo!H----~2-inch-dia. Schedule 40 PVC 
Screen Slot Size: 
0.010 inch 

'--1.of-'l------Depth of Bottom of Plugged Blanli: Casing: ..,._ 
Type of Backfill or 5Bal Below Well: 
10-20 silica sand 

Total Depth of Boring: 

~ ::-' NOTE: DIAGRAM IS NOT TO SCALE 
z 
w 

2.5 ft 

2.0 ft 

81.0 ft 

81 .0 ft 

83,0 ft 

88.0 ft 

89.0 ft 

90.2 ft 

I ~'------------------ URS Breiner Woodwanl Clyde----------' 
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I Project: Rhone Poulenc RI IFS 
Project Location: Portland, Oregon 

reject Number: 5292C0804A.00 00045 

Log of Boring W-04-89 

Sheet 1 of 3 

~;~el~it~f~~d 1/26!00 (drilled) to 1/27/DO (installed) Geologist 

Drilling 
Method 

Sampling 
Method 

Air Rotary 

Grab from cuttings, SPT split spoon 

Drilling 
Contractor 

Hammer 
Data 
Screen 
Perforation 

G. Lukert 

Cascade Drilling, Inc. 

140 lbs/ JO-inch drop 

0.010-lnch slot (BJ-BB feet) 

Reviewer 

Total Depth 
of Borehole 

Top of Casing 
Elevation 

Approximete 
Surlace Elevation 

90.2 feet 

Nol available 

Nol available 

Seal or 
Backfill 

Aquaguard bentonite grout 2-B1 feet 
Groundwater Level(s) 19 feet bgs on 1/26/00 ATD; water equilibrium at 9.46 feet below TDC on 3/15/00 

C 
.Q 

" ~ ~ >- ii- .c •• ~. • E jjj ~ o.!! C. 
>, ~ 
f-- z 

0 

s- ~ 01 

10-~ 02 

1 
15-

-

~. 
j 

30 I 

SAMPLES 

OJ- C 
u ·-

"' -~~~ ~ 

f~; >~ 
0~ 
u.c 

c?J~~ .u 
cc.~ 

NA NA 

NA NA 

c,-
C, 0. 

~ E 
0 ...J "O 

...J u 0 
m c. u --U 
51- C. E 8' (/) 
-g ~ C. oU 

~ .c (/) ~> :::: :J IO t9 ...J-

0.0 •; ... '• GW 
i..,:.Z.", 
•;.' . 
..... -; .. , 
•; . .: . . :.-. 

1
~1~ ...... 

0.0 ":4., 

f--

MATERIAL DESCRIPTION 

Surface Conditions: i inc;h of gravel; ground surface is 3 feet 
lower than ground surface for W-04 

GAAVEL; dark gray (10YR 4/1]. -10% sand, damp. no odor 

0 [FILL] 

-

. 

-

·~:. .. J -.,-Becomes wet, with metal and plastic debris 

1~ l ~ -;-; •, .. -._. -
:.:- J,,::: SM l S1fty SAND, black (10YR 2/1), fine, wet. no odor [FILL) 

. ,r,.i 
•••••• - -

-

-

·:.:: - -

¥-

. _____ ---------------------------- -
NA NA 0.0 ML SILT; very dark gray (2.5Y 3/1 ), medium plasticity, some wood 

fragments, wet, no odor [Fill] 

[Battery casmgs in cuttings from 20-25 feet] 

- -

FIELD NOTES AND 
WELL DETAILS 

~-inch-dia. steel 
protective casin~ 

~oncrete (0-2 ft) 

i.-.-7.3/8-in.-dia. 
borehole 

-2-in.-dia. Sch. 40 
PVC riser (to 83 ft) 

,_Aquaguard 
bentonite grout 
(2-B1 ff) 

ii 
~--------------------- URS Greiner Woodward Clyde-----------' 
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I Project: Rhone Poulenc RI/ FS 

"roject Location: Portland, Oregon 

roject Number: 5292C0804A.OO 00045 

SAMPLES 
m-

C, 0 ID 
C m C ID 0 ..J "C 

.Q i- u E ..J u 0 u -

" .c ~ .~~~ m c. u --0 

c.- "' ID ~ C. :c il' Ul >- .Q 0.. iii Ill 
>W 

"'"' "'"' "' E E ·iii~ 
O ID -g .,{ C. oO 

iii.!! o..!!! C. u.c ~ LU) 
>, " 

m ID 0 ID U ID> := =, ~z en a:: Li er'..!: :i:o (.') ..J -
30 

~ 04 NA NA 0.0 ML 

35-
~ 05 NA NA 00 

40-
~ 06 NA NA 00 

45- ~ 07 NA NA 00 

I 

50-
~ OB 

17 7------
NA NA 00 

~ 
v CUCH 

~ 
~ 

[ 

I 55- ~ 
~ 
~ 

~~ 
V 

~ 
~ 

- ~ ~ 60-] ~ /~1----
09 NA NA 00 CL 

,0 

I 

o'~ 
- ,_'.;:;:'. 

65 
V,,/,., 

Log of Boring W-04-89 

Sheet 2 of 3 

cu 
0.-

MATERIAL DESCRIPTION = m FIELD NOTES AND tE WELL DETAILS =Ea, 
"' 0 .c 
~o~ 

S\L T, Yery dark gray (2.SY 3/1 ), medium plastici1y, trace clay, --7-318-in.-dia 
wood fragments, ....et, no odor [FILL] (continued) borehole 

-2-in.-<lia. Sch 40 

~] Wood debris 

- PVC ri!.er (lo 83 ft) 

t 
1-Aquaguard 

bentonite grout 
- (2-81 ft) 

~ 

> 

> 

~ -

~----------------------------- -
CLAY; dark gray (2.SY 311), medium to high pla!.ticity, some silt, 
wet, no odor 

> 

~ -

-

~-------------------------------
CLA..Y; olive (2.5Y 4/4), trace sand, "Nel, no odor 

:3 
t 

e . 

,- Increasing sand content ~ ,;a 

. 
URS Greiner Woodward Clyde 
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I Project: Rhone Poulenc RI / FS 
0 roject Location: Portland, Oregon 

reject Number: 5292COB04A.00 00045 

SAMPLES 
I 

o,-
0, 0 • 

"' ai C ~ E 
0 ..., "' 

.Q ..., u 0 u·- 1:' ·- u <ii .c ~ -~~~ rn c. u g'u, 
>- c.- • a} C. :ic .0 C... iij UI >m oU •• •• • E o• ,, . C. 
LU.,'!! 02 C. E ·;; ~ ur m;; rn "'U) 

> " rn • o WU i5 :::: :::, 
I- z U) a:: 1:i a:: .E IO ...,_ 

65 
~ 10 

NA NA 0.0 

' ·1 
SW-SM 

·' . , 
·, 

:_/ 
' ;-.-: .: 

70-
~ 11 

NA NA 
;:_-.·· ----

0.0 SM 

'.t·: 
·!·· ·: 

)c 
i'C 

75-
~ 12 

I• 
NA NA 0.0 k 

; 

[• 

-·-. 
:- '· 

( ii::. 

._1-: ::. 

80~~ 13 4-B-8 13 0.0 .. 

.:·_:: 

·\-----

1: ; :: 
SP 

85- ~ 14 18-25-25 19 0.0 

ML 

. 

90-

. 

100 1 I 

Log of Boring W-04-89 

Sheet 3 of 3 

a.~ 
MATERIAL DESCRIPTION ;;:; iii FIELD NOTES AND -a E WELL DETAILS 

- E • a) 0 .c 
~ (.) ill 

SAND with silt; dark gray (SY 4/1 ), medium to coarse, some ' J_..7-3/B-in.-dia. 
gravel, wel, no odor - borehole 

-

-2-in.-dia. Sch. 40 
------------------------------ - PVC riser (to 83 ft) 

Silty SAND; dark gray (SY 4/1 ), some wood fragments, wet, no 
odor 

a 

a 

!t-Aquaguard 
bentonite grout 

r-rSand grades coarse, rounded, with -40% fines - (2-81 ft) 

a 

f--rlncreasing sand, predominantly fine, -25% low plasticity silt -

[ 
x k. . ·. it--20-40 silica sand 

_,.: (81-83 ft) 

1 · - Prepacked well 
r------------------------------ screen, 20-40 silica 

SAND; dark gray (SY 4/1 ), medium, no fines, dense, wet r= sand (B3-B8 ft) 
~ 

~ - 2-in. dia. 0.010-in. 
slot Sch. 40 PVC 

f-1, screen (83-88 ft) 
SILT; dark gray (SY 4/1 ), dense, wet f-

f- ,-- 10-20 silica sand 

~1:. outside prepack 
[Boring is making water at rate ol >0.8 gallons/minute] --~·--~-':'- (83-90.2 ft) 

-~ 

'"" 

.,._f--Sump (88-99 fl) 

? 
BASALT ; 

Boring terminated at 90.2 feet . 

a 

~ -

c 

. 
URS Gremer Woodward Clyde 
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BORING W-4-D WELL W-4-D 

GEOLOGIC LOG 

lil!OUMO [L(VATJ()lj JD.7' D--------

ID 

1, 

~51 - 69 

" 

~"~ 
I 

i I 

"~ 7Zl • r.o 

" 
I 

.,----

" ~n. 68 

" 

' • 
• 

• • 

' • 

' • 
2 • 

sun wo 
[IA~l GRAl st.AG AND M'[lAL fU.Gl'IElfTS 1mH SAND 
"'-TIil (11£DILl'f D£NS[){f1LL) 

won lilrTH THIii SILT LAY(ILS 

DCCASIDIW.. D~IC JIMTERIAI. 

r110 or FILL 
IIIURUDOCD ntlN LAYERS or DYi TELLOW BRr.MI 
SILn mi£ TO 1\£011.111 Sl,,ljD ANO fll[ SANDY 
Sll1 (LOOS() 

CJ...U 2B' TD JO' {FIICI! [•LOG) 

-'i" Ttt'l[l LATER Of IIIJCID DURIS 

ORGANIC l'MllRl~l 

~U.DES WITH 011!.ANJC l'IATHIAJ. 

IICIRLW. TEll'tlllAHO AT OtfTII OF so·· !Z-l-A2) 

• 

WHL snr ,uam,rrs 
OF HCTAL NIIO SI.Al: Ill 
Fill[ TO Jll[OI"' SUID 
Ill( l'MTERIAL 

ID- FUQIOTS {FILL) 

IWTEIIBEDO[II Tillll 
LAYERS OF flll[ 

u.o!Or SILT TD SILTT 
F 1111£ SNHJ AND fllf F 10 MfDlll'I SAAD e JD-

<D-

5'-

I IIIOt DINllUR Dl:ILL[O NlL! 

4 IIICK DIWT(I Kit.It O(IISITT 
Jl'IJt. l£TIITLOf CAIIllli 

-JJ,D 
-JS.o ,um1m1 SEA:. 

~ = ~ ]w:i.~""'' /' =='\ 
•.J -- :.:.i 51.0TTED UCTIOII 
,·-=, 
-:>, .'." ____!!,_O 41 5 

-sn.o · 

LOG OF BORING 
AND 

WELL COMPLETION DIAGRAM 
lll'GTE: 

o!SCUSSIIJII U ntE IEIT DI TIHS .aEPOAT 11 ll(lUSART 
roR ~ PRDP(~ LIWDER51MDINI> Df SI.IISUArAr[ CD"OITIOII) 
RfV[AlED 81 !Hl ICRIJl,S. 

W-4-D 
DAM•& B MOOA• 

FIGURE A-20 



~J 

I 
' 

I 

BORING W-4-D WELL W-4-D 

GEOLOGIC LOG 

•Yll•OLI CIICllll"TION 
GROUND [L[VATIOII l0,7' o------ •Z.Z' STln Ill' 

D 

• 

0 

5 

~ss . 6ll 

" 

. " 
JO 

72S • ~O 

" 

" 

" Sll'I • 611 

50 

" 

' • 

' • 

' • 
' • 

[IA.Ill Ga.t.J SL.AG AIID l'ICTAI.. fa.t.GlllllTS ~llH SAIID 
""TIii (HEDILl"I D£11S[){rILL) 

GRADES WITH THUi SILT LAIW 

DCCA11CIW. Ollr.Mlt MTUIIAI.. 

DID Of flU. 
IIITERIEDDEO TlUN LAT[ll.5 or MIil l[LLClil BACMI 
SILTT rTJIE TD JIIIEDILJI ~O AIIO FIii£ SANDT 
SILT !Ll)OS[J 

QAT l8° TD JD' (fR°" E-LD::) 

Ir," THltl LATER OF l«JOO DEBRIS 

O~IIIC ""TERIAI. 

GIIAOES a'ITH ORGANIC MATEUAl 

&IRIIIG T[AA!HATEO AT OEHK OF so·· (l-1-BZl 

W't'[L SIZE fRMiPIEffl 
Of NCTAI.. A.110 SLAlo J• 
fUll TO NEDU.11 .WW 
un MTEIIM. 

10- fRAGIO'l!, (HU.) 

~ zo-
IHTEIUIEOD.ED THIN 
LAYERS Of FINE 

SANDT SILT TD SILTY • 
~ 

FINE SAl([I A.IID FlkE 
TO i'IEOILl"I SAllll 

JO-

40-

,o-

B IIICH DIWTEi DII.ILLEC ICIL[ 

~ INCH DIWTER HIGH DUSIT'f 
fUYETKILOE CASING 

LOG OF BORING 
AND 

WELL COMPLETION DIAGRAM 
!WT[; 

OlSCUSSIOII IN niE TEU OF THIS li.i.POAT IS ll[CESSART 
FOR A PROPER UNDER5T.'J10lll!i OF SLl!SURfAC[ COIIDITH»U 
REVEAlEO BT TH( B0111Nt:S. 

W-4-D 

FIGURE A-20 
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r.1100111> ruv:;n~ Jo.s• 
;;AAVf\. if?:( flA~IHS 
Of ;,;n AL • n..u AAo 

CCflC,Q'fT( fl!' fl'I{ TO 
N!:Ol 1.#1 SAll:C l !ZE 
MftlUAL F~~ 

; to P:'lL~J 

z,-

P-4 ~· ll'ltl, ClM(iEl ~:c;.i :lf.Orsftl 
1 ~ot1n)<,~u,r O.Sfl<G' 

) _,,- UKflll!Jlf-CQ\ll'rt OR'Ct'1 JLJ:L 

:)r i .. ;,z• 511Ct 1/1' 

WELL COMPLETION DIAGRt 

P-1, P-3 ' AND P-4 
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lfOTE: 

BORING W-6-B 

QEOLOQlC LOG 

\. )Ql1' IJl:Oil'JI SA1,1Df f !IU TQ roAAS[ 1.M't!t 

!Wll €.AA1/SN-8Jl:0. t.L,.fH SILl lolTI! ABll!i!WiT 
(IIAY[L (r/Ll) 

US! Cf FILL •T ~,,. 
!!Qth CLU('I' ULT WJJM SC1t£ f!IIE SA>m, 
l()rtltO TO Ur.111 r,IAf Ii 1t1U:S 

Cll1 l\' 10 9' Fatll l·LOG) 

::to~ h[r.1,110.~ H.B' 

1.1r 

-l• PVC ff!'{ 

lPfT[U£DOC1l SILT .lll'D SAND 9' le: 2f• {f!IOM £~LOG! 

QJ«S \IEl BEL/Joi ll ' 

r:;IIAMS to 1a14H~M~H!M nm: U,NOl Sll t 
vrni SH CLU BeLOM lS', 11(1, sorr 

OA111 .fflo/J!\!PI.Ql_lf flH( SAl!tl WITtl SOU: SILT 
'kAO!$ $H..l l'J' 10 ,.,. ifmt £-LIIG) 

SM "~ms~L~~Ai~lr!o'~~!if';,l~T;~~~:, 
OR~ICS 

Olin GI.AT tLU# fl)lf TO 1'1£011.N VJIC 

~ rucnllcs. 111c11u.s1,ic ir•tn 
?IUD UHM to· 

a· o,Sllfl. 

Si.t'--"'--

-,-.+-- P~C 5Ck[{JII 

WE.Li U!SllU.tlD 11,6.~ 
ll(ll nnno;,rn a~11.a6 
li.U[f uvn li'.i,f.( ULOII ~vr: ffrt· w. U·M 

LOG OF BORING 
AND 

lW,CUSSJO!! H< lri{ lHl OF Tl41S .J:POiT 15 M(C[SSUY < 
Fa~ • PWH !;l'l[J(l!~iAltO!lllo Df ~SURF.le[ Ci»1Dl1{D1t~ 
MH!'.AJ..EO IT fkl 1.:1u,i;cs 

WELL COMPLETION DIAGRAM 
W-6-B 

Dames & Moore 

FIGURE A-24 
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BORING W-6-S WELL W-6-S 

ML 
CL 

r-"s=,a,=,.::.,,: ~~ mt ~Uf GEOLOGIC LOG 

Dtac11, .. 110• GIIOf.Jl<IO ELEVATIOH 37.7' SHEL PROTEC.TIYf ~NT 

&RO.II SILH SUBAWIIDED GRA~EL, S~[ IRICk A.110 
lfETAL fU&HEll'H, 0[HS£ !fill) 

8ASt llf fill AT 4lt' 
BRCIIII SILT. TUC[ cur. LOOS[ 

BRM 10 BLUISH-GRATJSM•BJl:CMN CL,1.fH SILT TD 
SILTT CL.1, son 

BRCM TO WTISH-Blt!M Cl.I.TU SfLT (50fT) 
BlACK SILT'Y SAND; SM: GI\ATIS>4~ll!OIIN f«ITTLIIIG, 

"""' 
BLACl ~IL!l SMO WITH W-ITTLED BIIDIM TO Gll,l,T 
ClUU SILT ANO SILTI Cl.AT; J". TO~
IIT[R8[0DED, LllOU 

IFILM'N Cl.ITU SILT WITH BIICWlll!.H-MAl:l SILTY 
5,,Wlo I' lllERBEIIS (LOOS[) 

GAAY15H-11DIM SILTI, FIii[ SAIID 

BCll.111; T[Rf11MT{O AT H' {7-23-86) 

CENEHT 

BEHTOHIT[ ~EA!. 

IOIT[l(l flO .SMID 

PYC SCR£EII 

27 .25 

li'ELL IWSTALlfD 7-23-BE 
WELL O[YELDPED !.•21,28 I 2!,-86 
11.U[II UY[L 15.12' BELOII PYC PJPE ll-23-8~ 

LOG OF BORING 
AND 

,., 

nntuSSI~ !IC TH[ TUT or THIS REPORT 15 IIECC5:SAIIT 
FOi< A PROPER IMDERSTNIDIIMi Of S~SUIFAC[ CONDITIOO 
R(~EAI.EO 8T ':"HF 80RIWGS. 

WELL COMPLETION DIAGRAM 
W-6-S 

Dames & Moore 

FIGURE A-22 

Lil-O(a / 5. 
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Project: Rhone Poulenc RI/ FS 

Project Location: Portland, Oregon 
Project Number: 5292C0804A.OO 00045 

Well Location East side of West Doane Lake I Date(s) Installed 

MONITORING WELL 
CONSTRUCTION LOG 
FOR WELL W-08-25 

1118/00 Time 1100 
--

Installed By Cascade Drilling, Inc. I Observed By G. Lukert I Total Depth 26.5 feet 

Method of Installation Air rotary rig, annular material placed \."fith tre,.,ie 

Screened Interval 20 • 25 feet bgs I Completion Zone Shallow Alluvium 

Remarks Refer to Log of Boring W-08-25 for sampling data and lithology. 

Boring Diameter: 

7-3/8 inches 

Prepacked Well Screen: 

20-40 silica sand 20-25 ft 

NOTE: DIAGRAM IS NOT TO SCALE 

~------IEJevation of Top of Riser Pipe: 

Height of Riser Above Ground: 

round Elevation: 

!Dn-ype or Surface Casing: 

6-inch steel protective casing 

Deplh of Surface Seal: 

Type al Surface Seal: 
Concrete 

\Dffype of Rrser Pipe: 
~~------,2-inch-dia. Schedule 40 PVC 

f:b•------a Type of Backfill: 
Bentonite chips 

-----Depth of Seal: 

'-----j Type of Seal: 
(same as backfill) 

.----Depth of Top of Filter Pack: 

F9"''""-1-----Depth of Top of Screen: 

Type of Filler Pack: 
4-------"20-40 silica sand 18-20 ft; 10-20 silica sand 

outside prepack 

IDffype of Screen: 

i::::i,.H~----,2-inch-dia. Schedule 40 PVC 
Screen Slot Size: 
0.010 inch 

Type of Backfill or Seal Below Well: 
10-20 silica sand (last sampled interval) 

Total Depth of Boring: 

2.5 ft 

2.0 ft 

1 8.0 ft 

18.0 ft 

20.0 ft 

25.0 ft 

26.0 ft 

26.5 ft 

"''------------------ URS Breiner Woodwanl Clyde--------_.j 



I Project: Rhone Poulenc RI / FS 
0 roject Location: Portland, Oregon 

roject Number: 5292C0804A.00 00045 

Log of Boring W-08-25 

Sheet 1 of 1 

Date{s) Drilled 1/17100 (drilled) to 1/18/00 (installed) Geologist G. Lukert I Reviewer 
and Installed 

Drilling Air Rotary 
Drilling Cascade Drilling, Inc. Total Depth 26.S feet 

Method Contractor of Borehole 

Sampling Grab !ram cuttings, SPT split spoon 
Hammer 

140 lbs / 30-inch drop 
Top of Casing Not available 

Method Da!a Elevation 

Size and Type 2-inch-dia. Schedule 40 PVC 
Screen 0.010-inch slot (20-2S feet) ,,:,,Pproximete Not available Perforation Surtace Elevation of Well Casing 

Seal or 
Backfill 

Bentonite chips 2-18 feet 
Groundwater 22.3 feet bgs on 1/17/00 ATD; water equilibrium at 18.1 feet bgs on 1/18100 at 1100 
Level(s) 

SAMPLES 
C) g'Ql 

aiC Q.l o ....J"C 
u - - u E ...J -~ 8 

OJ .f~~ ~ ;2: 2 g\,, 
a; E l-j i 81 ] ~ r;- :g ~ 

MATERIAL DESCRIPTION FIELD NOTES ANO 
WELL DETAILS 

~;i ~~i~-~IO·c'3 '.52, 
o+-'=-+-.:.:..=-=-+::c::+:=----=:+---=c..j-==--==-f-=s-urt'"'a-c-e--cC"o-n-cdc:it1,-·o-ns-:--=-2"in-c"h-es-of"cru-s--ch-e-d,-,-o-c,-,--------bb:I -inch-dia. s1eel 

protective ca,ing 

5 01 NA NA NA 

10 

15 

20 

r 
02 1-2-3 NA 137 

... 

' 

25 03 1-2-4 NA 20 

SM 

GC 

ML 

Silty SAND, dark brown to gray, dry, no odor [FILLJ 

Clayey GRAVEL; dark brown, trace silt, wet. no odor 

Sandy SILT; dar1< brown to gray, medium plasticity. -25% sand. 
dc1mp, organic odor 

oncreie (0-2 fl.) 

2-in.-dia. Sch. 40 
PVC riser (to 20 fl) 

SM- Silty SAND: dark gray, fine. -30% low to medium plasticity fines, 
damp 

20-40 silica ,and 
(18-20 ff) ------- ----- --- ----- -- ------r - PrepacKed well ML Sandy SILT dark 'ijray medium plasticity -25% sand, loose, t 

damp screen 2D-4Cl silica 
\ ? ,and (20-25 ft) 

I I .sz 1 2-in d1a O 010-in. -' l~,=·= I t screen (20-25 ft) 

i~ i '"'°''""" r [ j outside prepack 

rBecome, gray damp lo wet 
i.. ..1- (20-26 5 f!) 

Sump (25-26 ft) 

Bottom of boring at 26.S feet 

ii ~--------------- URS Greiner Woodward Clyde-----------' 



Project: Rhone Poulenc RI / FS 
Project Location: Portland, Oregon 
Project Number: 5292C0804A.00 00045 

Well Location East side of West Doane Lake I Date{s) Installed 

MONITORING WELL 
CONSTRUCTION LOG 
FOR WELL W-08-74 

1/19/00 -1120/00 Time 1500 

Installed By Cascade Drilling, Inc. I Observed By G. Lukert I Total Depth 74.5 feet 

-~' 
0: 

Method of lnstallatlon Air rotary rig, annular material placed with tremie 

Screened Interval 68 - 73 feet bgs I Completion Zone Basalt 

Remarks Refer to Log of Boring W-08-74 for sampling data and lithology. 

0 ,. ..... - .... - .. • " • 

.,0.60,1,.t,.~""·"" ~--
0 ., _., ., ,i "' 0 · .. "' ( ... ., -~ .. .. .. .. "' ..... "'-., .......... ,.; ~~-~-~~.....,.,._ o·:· 

Outer Steel Casing: 

9-5/8-inch-dia. steel to 62 ft 

Inner Steel Casing: 

7-3/8-inch-dia. steel to 63 ft 

,--------!Elevation of Top of Riser Pipe: 

,---!Height of Riser Above Ground: 

-C--Ground Elevation: 

IDrType of Surface Casing: 
6-inch steel protective casing 

Depth of Surlace Seal: 

Type of Surfac.e Seal· 
Concrete 

JDrType of Ri5er Pipe: 
2-inch-dia. Schedule 40 PVC 

Type of Backfill: 
Aquaguard bentonite grout 

Depth of Top ol Bedrock. at 61.8 ft -- Depth of Seal: 

Centralizer: Al lop of screen 
and al 20-ft intervals above 

Boring Diameter: 

6 inches below 63 ft 

----Depth or Top or Filler Pack.: 

Depth of Top of Screen: 

Type of Filter Pack: 
10-20 silica sand 

lDrType of Screen: 
2-inch-dia. Schedule 40 PVC 

Screen Slot Size: 
0.010 inch 

Depth cf Bottom of Screen: 

y,_.,.,....f+f------lDepth of Bottom ol Plugged Blank Casing: 

Type of Bac.kfill or Seal Below Well: 

10-20 silica sand 

---Total Depth of Boring: 

!, NOTE: DIAGRAM IS NOT TO SCALE 
z 
w 

2.5 ft 

2.0 ft 

63.0 ft 

66.0 ft 

68.0 ft 

73.0 ft 

74.0 ft 

74.5 ft 

i 
"'----------- URS Greiner Woodward Clyde-----------' 

1,\ f'\'/_,/_( 
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I Project: Rhone Poulenc RI IFS 
Project Location: Portland, Oregon 

roject Number: 5292C0804A.00 00045 

Log of Boring W-08-74 

Sheet 1 of 3 

Dale(!) Dnlleo 1/16100 (drilled) to 1120100 {inslalledj Geologist G. Lukert ~e'<l,ewer 
an:! Installed 

Orilhng Air Rotary 
Dnllmo Cascade Ddlling, Inc. Total Oep:h 74.5 feet MeH;oo Contnictor ol Borel'\ole 

Samp!ins Grab from cuttings, SPT split spoon Hammer 140 lbs 1 30..inch drop Top o~ Casing 
Not a"allable Me!hot:! Data E!e,;ation 

Size and Type 7-3/8-inch-dia. steel casin" to 63 feetj Screen 0.010•.inch slot (68-73 feetj Approximete Not available 
of Well Casing 2-.inch,dia. Schedule 40 P C i Perforation : Surface El&.1ation 

Seal or Aquaguan:.t bentonite tout 2--63 feet. 
Backfill bentonite chips 53~66 et 

SAMPLES 
C) 

C ~.£ "' .:l .Q le' u 
;;; .c :. "'""' m ,!,! 
>- a.- !ij l;:"' "" .c 

:iv E "' .9'~ "'"' 0"' ,::, 0. 
0 .2! u-5 m f! W- :.o..::, 

"' ii!' z ~!:o :ts :i: t.'.) 
0 

5 
01 NA NA 0.0 

10] 02 NA NA 0.0 

15 C3 NA NA 0,0 

j 
ZQl c, NA NA 00 

J 
c 

25-

I Groundwater 40 feet hgs on 1118100 ATD; water equiltbrium at8,87 feet bgs on 1/lOIOO at 1014 
i level{s) 

cn-
0"' ...,.,, 
.::18 
g'u, 
:g~ 
'" ::, ...,-

r 

ML 

GC 

MATERIAL DESCRIPTION 

Surfac-e ConditioM 2 inches of rock unaerla.n by grass 

Sil T; very dark gray {10YR JJ1j, medium plasticity. trace fine 
sand. damp [FfLL} 

r Becomes dark gray (2.SY 4/1 ), wet, with debris (bnclo:, wire, 
glass), no odor 

Clayey GRAVE ... ; a ark gray p..5Y 4/i ). -30%, fines, debris 
(brick), wet, no odor [FiLL] 

Silty GRAVEL: dark gray (2.SY 4/1), -50% rounded gravel, 
-50% fines, small brick fragments, wet no odor [FILL] 

a.;;: 
:= ~ 
!E = E 0,) 

.. 0 .c 
:): l) al 

FIELD NOTES ANO 
WELL DETAILS 

--'O"mch,sdia, steel 
pro1ect1ve casing: 

oncrete (C·2 ft) 

··9-518-in.wdia, steel 
outer casing 
(to 62ft) 

7-318~in.~dia steel 
inner casing 
(lo 63 ft) 

--2~in.·d·,a. Sch 40 
PVC "$tH (lo !6 fl) 

Acuaguard 
ben!on,te: grout 
{2.£J ft) 

entra!izers at 2D-l<t 
spat1ni; to top of 
screen 

~'-------------------- URS Greiner Woodward Clyde---------~ 
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I Project: Rhone Poulenc RI / FS 
Oroject Location: Portland, Oregon 

roject Number: 5292C0804A.OO 00045 

SAMPLES 
o,-

0, 0 • 
C af C ~ E 

0 --' 'C 

.s! --' u 0 u ·- I:' ·- () 
<ii ,= a; r~~ • Q. u g'u, c.- • la" Q. :c >- .c >• 
" " " " • E 

Q. •• ow 'O - Q. 0 () 
uJ~ 0~ Q. E "iii 3: U.<C • <( • -"' Ul "' ~ •• 0 ou •> i5 .-::: =i 

>- z [J) c:: J5 cr:.E :,: 0 --'-
30 

-

35- ~ 05 NA NA 0.0 ML 

40-
~ 06 NA NA 0.0 

I 

45-
~ 07 

.I NA NA 0.0 . -
I •• 

50- ~ 08 NA NA 0.0 

55- ~ 09 NA NA 0.0 

-

1--. f----
ML -

60- ~ ,o i7-50/5" 13 0.0 

... 
' ' . . . . 

~ . ' . 
I 

65 1 ... 

Log of Boring W-08-74 

Sheet 2 of 3 

5.~ 
MATERIAL DESCRIPTION z iu FIELD NOTES AND {E WELL DETAILS 

=E1 
ID OU 
3:oui 

- f--9-5/8-in.-dia. steel 
outer casing 
(to62 ft) 

-

-
i.-7-3/8-in.-dia. steel 

- - inner casing 
SILT; dark gray (2.5Y 4/1 ), medium plasticity, soft, sa!urated (to63 ft) 

-

-

- 1-2-in.-dia Sch. 40 
PVC riser (lo 68 ft) 

-yWith-10% fine sand 'l-

f-Aquaguard 
bentcnite grout 
(2·63 ft) 

-

-ylncreasing sand content to -30% -

-

-yDec:reasing sand content lo -10%; wood fragments in cuttings -

-

-

~ -

-

-
------------------------------ -Sandy SILT: brawn (10YR 4/3), occasional clay lenses and fine _ 1 

sand lenses. damp lo wet 

- -

-- 2-inch basalt fragment in end of spoon 

BASALT 

-
~ cl 

-sentonite chips 
,. (63-66 fl) 
cl " " j----6-inch-dia. borehole rt ' 

. 
URS Greiner Woodward Clyde 
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I Project: Rhone Poulenc RI/ FS 
croject Location: Portland, Oregon 

;eject Number: 52S2C0804A.OO 00045 

SAMPLES 
c,-

0, 0. 
C ai C: • 0 ...J 'C 

_Q u·- ~ 
u E ...J -~8 ;;; .c c, C <P • C. -~ 

>- c.- ~ .!;; ro .._ • :a- C. .c :l' (I) 
.0 0.. iii Ul 

,~ •• •• • ow 'C - C. oU 
u::i~ CJ.!! C. E E 'iii;:: u.c . " • .c (I) 

>- ~ • • 0 "" •> " =: ::, 
f- z Cf.) c:: ::c 0:::.5 IO ...,_ 

65 ... 
... . . . 

1::::: 70-

-

-

ti!! -

75-

-

BO-

-
-

-
85-

-

-

J 

90-

-

95-

100 

Log of Boring W-08-74 

Sheet 3 of 3 

§.~ 
MATERIAL DESCRIPTION ;.-:;;n, 

te FIELD NOTES ANO 
WELL DETAILS = E~ •au 

S:UUJ 

BASALT (continued) " ~ 
-Bentonite chips 

'. (63-66 It) 

J Fracture5 (indicated by drilling rate) 11-Centralizer at top of 

I 
screen 

-10-20 si(ica sand 
--. 

l =- (66-74.5 It) 

I 
= - =-J Fractures (•nd,cated by dnlhng rate). color change to darl< brown 2-in. dia. 0.010-in. 

·:J:::::./ 5lol Sch. 40 PVC 
,:.:-r- :-:-:- screen (68-73 ft) :::i-- ::: 

- :·)= .i·: 
-Sump (73-74 ft) 

~d 
- Boring tenninated at 74.5 feet. -

- . 

- -

-

-
- -

. 

. 

. 

. 

- -

-

-

- -

. 

f ' 

I . 
URS Greiner Woodward Clyde 
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Project: Rhone Poulenc RI I FS 
Project Location: Portland, Oregon 
Project Number: 5292C0804A.OO 00045 

Well Local'On Northwest corner of lake area 
•······ 
installed By 

...... 
I I By 

• 

I :::Jate(s/ Installed 

G. Lukert 

MONITORING WELL 
CONSTRUCTION LOG 
FOR WELL W-09-116 

1121/00 Time 1200 

: Total Depth 116.5 feet 

of lns!allation Air rotary rig, annular material placed with tremie 

Screened ln!enial 

Remarks 

110.5 -115.5 feet bgs \ Completion Zone Deep Alluvium 

Refer to Log of Boring W-09-116 for sampling data and lithology. 

I Boring Diameter: 

I 7,J/8 Inches 
L------~ 

Prepacked WeU Screen: 
20-40 silica sand 110.5,115.5 ft 

~-----Elevation of Top of Riser Pipe: 

---Height of Riser Above Ground: 

:1,i!-'.~h , 10/rype of Surface Casing. 
__ 6-inch.steel_protectl-'ve.c...cc.ccascciccn.,,g _____ --' 

Dep(h of Surface Seal: 

i : Type of Surface Seaf: 
--: Concrete 

! ID/Type of Riser ~pc: 
~3--------i 2-inch<>dia. Schedule 40 PVC 

.....----0,epth of Seal: 

I Type of Seal: 
1----,, (same as backfill) 

4~--~0ep~ry of Top of FIiler Pack.: 

-i~..----1Depth of Top of Saeen: 

Type of Filler Pack: 
---120-40 silica sand 1 Os. s~ 110.5 ft; 10·20 smca 

sand outside prepack 

f 1Dfrype of Screen: 
/ 2--inch-.dia, Schedule 40 PVC 

b--'+------i I Screen Slot Size: 

lo.010 inch 

'-""''-"-----'Depth of Bottom of Plugged Blank Casing: 

. ' 1.. · Type of Baci<fill or Seal Below Well: 
: Not applicable 

L_Tota! Depth of Boring: 

2.5 ft 

2.0 ft 

108.5 ft 

108.5 ft 

110.5 ft 

115.5 ft 

116.5 It 

116.S ft 

, 
I 

:, NOTE: DIAGRAM IS NOT TO SCALE 
w 

l.__ _________ URS Breiner Woodward Clyde-----------' 
\.0-C~-llto 



I Project: Rhone Poulenc RI/ FS 
Oroject Location: Portland, Oregon 

Log of Boring W-09-116 

Sheet 1 of 4 
reject Number: 5292C0804A.00 00045 

Date(s) Drilled 1/20/00 and 1/21/00 Geolo9is.t G. Lukert I Reviev.-er 
and tnstalled·-----------------+----------------------i-'~-~--------------J 
Dri\lin9 
Method 

Sampling 
Method 

Air Rotary 

Grab from cuttings 

Drilling I Total Depth 
Contractor Cascade Drilling, Inc. of Borehole 116.5 feet __________ _, 
Hammer Nol applicable II Top or Casing Not available 
Data Elevation 

Size and Type 2-inch-dia Schedule 40 PVC 
of Well Casing • 

Screen I Approximete 
Perforation 0.010~inch slot (110.5~115.5 feet) Surface Elevation Not available 

Seal or 
Back.fill 

C 
.Q 

" >-
Q) • 
[ij .! 

· Groundwater 
Aquaguard bentonite grout 2·108.5 feet Level(s) Not measured ATD; water equilibrium at 14 feet bgs on 1/24100 

SAMPLES 

·I 
af C 
u - 2' ,,· -~~~ 15.- ~. 

Q) • • E 0. iii Ill o• 
D .!1 E "iii;:: u,= !;: :, 

~~~ 
WU 

I- z C::.£ 
0 

.~ 0, NA NA 

-

,o- ~ 02 NA NA 

15- ~ 03 NA NA 

-

-

20~ ~ 04 NA NA 

-

e>-
a, 0. 

• 0 ...JU 
u E ...J 0 

£u MATERIAL DESCRIPTION • Q. u 8' C/) a} Q. :c u - C. :g ~ • <( 
~ •> ~:::i ro (9 ...J~ 

Surface Conditions: rock overlying grass 

} 
-

0.0 ML SILT; very dark gray (i OYR 3/1 ), -20% rounded grave, debris 
(wood, brick), dry. no odor[FILLl 

-

.. . 
-.. -

12 ~ -sP-SMr~:~~~~%':~~~~1~~~~~~m~fedi~m-:-tracesi~-- -

1 ~ 
2.5 

0.0 

,:··.·'· t 
If I t .. 
} ':. ~-Slight sheen in sample, ,o odor 

:'.";_: 
,_.:.: 
..... 

. -:,, . 

:~: .· 

i/':· 
:·-.. ::· 
i·;' 

-

-

-

-
-

-

FIELD NOTES AND 
WELL DETAILS 

--S-inch-dia. steel 
protective casing 

----Concrete (0-2 ft) 

--7-3/8-in.-dia. 
borehole 

-2-in.-dia. Sch. 40 
PVC riser 
(lo 110.5 fl) 

--Aquaguan:I 
bentoni\e grou\ 
(2-106 .5 fl) 

25i /: 

30_[_~ ____]_~_[_I __J_l~·-C!J:l.·::L..____....L...I ~~~~~~~~-------1:~L..._._~------j 

'"I 
!I 
~ "'------------------- URS Greiner Woodward Clyde 
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I Project: Rhone Poulenc RI / FS 

"'reject Location: Portland, Oregon 

reject Number: 5292C0804A.00 00045 . 
SAMPLES 

c,-

"' 
OW 

C: CD- C: ~ E 
0 ...J "C 

g _J u 0 u·- i- --U ;;; .c ~ ~~~ • C. 

" il' U) c.- w :;} C. >- .Q 0. in V,I 
>• .c 

w w ww w E ow "C - C. oU 
LU..!!! O..'!! C. ~ E 'iii~ u.c ~~ 1! .c U) 

MW 0 WO '" :, i:'.'z Ul 0::: ::0. 0:::.5 IO (.'.) ...,_ 
30 

~ 05 NA NA 0.8 : .:-IMUMH 

35-

:·1-· 

40-

., 

-

45- ~ 06 NA NA 0.0 
"<7----
~ CUCH 

- ~ 
- ~ 

~ so-
~ 07 NA NA 0.0 

I 
Ml 

~ 
~ 

60-
] OB 

~ ----
NA NA 0.0 MUMH 

I 

I I I 
65 

\A.!, (P1 / I I b 

Log of Boring W-09-116 

Sheet 2 of 4 

5.J:? 
MATERIAL DESCRIPTION .::; iii FIELD NOTES AND tE WELL DETAILS = E~ 

W O U ;:: u U) 

Sandy SILT, very dark gray (1 OYR 3/1 ), med,um to high plasticity, --7-3/8-in. -dia. 
-30% fine sand, trace clay, saturated - borehole 

-

f 
-2-in.-dia. Sch. 40 

- PVC riser 
(to110.5ft) 

-

jl,-Aquaguard 
bentonile grout 

- - (2-108.5 ft) 

----- .-------------- .---------
CLAY with silt: very dark gray (1 OYR 3/1 ), medium lo high 
plasticity, trace fine sand, saturated, no odor _ 

>;: 

r 

-

-

f ,., .. -

-

-

" -

. 

- -

a 

-

-

------------------------------ -~ 
SILT; very dark gray (10YR 3/1), medium to high plasticity, 
trace clay, saturated, slight odor 

c 

J 
'" ·~, j 

. URS Greiner Woodward Clyde 
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I Project: Rhone Poulenc RI / FS Log of Boring W-09-116 
0 roject Location: Portland, Oregon 

Sheet 3 of 4 
roject Number: 5292C0804A.OO 00045 

SAMPLES 
I 

o,-

"' 0. 
C oc ~ E 

0 
.., "C 5.!:? 

.!2 u - i 
.., .!:?8 MATERIAL DESCRIPTION -.::: iii FIELD NOTES AND iii ,= ~ .~ffi'.:: • C. " g'u, tE >- c.- .c Q. vi 1/1 !/ • ~ C. :i: WELL DETAILS •• • • • E 0 • "C • C. oU - E • 

uJ .& Cl c!! E ·vi 3: u .c • <( 
~ ..c U) ai O ..c g, ~ m W C OU •> ·""= ::i S:u~ 1-- z (/) er: :E a:: .s ro (!) __,_ 

65 

~ 1--7-3/8-in.-dia. 
borehole 

~ 
1----2-in.-dia. Sch. 40 

70- I o, 
- - PVC riser 

NA NA 0.0 ML SILT; light olive brown (2.SY 5/3), trace fine sand, saturated, (10110.5ft) 
no odor 

lt-Aquaguard 

75- 1-- -
bentonite grout 
(2-108.5 ft) 

j 
80-

~ 10 
:;,- f----f------------------------------ -

NA NA 0.0 v ML Clayey SILT, olive brown (2.SY 4/3). saturated. no odor 
V . . 

/ 

~ J Medium to coar>e, rounded sand (quartz fraaments) 

V V 
. 

V 
V / . 

:?'.ii 

BS~ 

V 
V / 1-- -

V 

/ 
V V 

. V 
V 

. V f-
V 

1/ 
V ~ 90- ~ f---- ----------------------------- -

SM Silty SAND·, olive bro'Nn (2.SY 4/4), very fine, saturated, no odor 

~ 11 NA NA 0.0 l 
f-

95-
I 

1-- -

f 
. 

;::::; 
... 

I 

100 l I 

. :1 
' 

. 
URS Gremer Woodward Clyde 



J Project: Rhone Poulenc RI/ FS 
..,reject Location: Portland, Oregon 

reject Number: 5292C0804A.OO 00045 

SAMPLES 

C 

" I 
ai C: g u ·-

" 
,= "'cw • §~->- c.- .c • • •• • E r~~ [ij 2 D..!! Q. 

>- a rn • o 
f--Z en er:: :C 

"' 
~ E 
rn a. • 5l- Q. >~ o• "C • 

u.c m~ .u 
0:::.5 IO 

'"''u1,\llo 
Log of Boring W-09-116 

Sheet 4 of 4 

MATERIAL DESCRIPTION FIELD NOTES AND 
WELL DETAILS 

~ 12 NA NA 00 1 ..... . SM Silty SAND; light olive brown {2.5Y 5/6), very fine, saturaled, r,o r"'-7-3/8-in.-dia. 
borehole 

~' 

l 
.. .. 

it·:. . 

I· . 

105-

. ~ 13 NA 0.0 

. 

110- ( i -· .. 
;- :-- t·: / 

••. [ ....•. 
[:_' \::· 

115- . ' . 
<<< ' ' ' 

. 

125-

130-

-

f- odor 

. 

. 

- -

. 

I-

I- T Possible gravel 

-
BASALT 

Boring terminated at 116.5 feel 

~ -

~ -

-

-

=i· 

-2-in.-dia. Sch. 40 
PVC riser 
(to 110.5 ft) 

--Aquaguard 
bentoni!e grout 
(2-108.5 ft) 

-20-40 silica sand 
(108-110.Sft) 

Prepacked well 
screen, 20-40 silica 
{110.5-115.5 ft) 

2-in. dia. 0.0,0-in. 
slol Sch. 40 PVC 
(110.5-115.Sft) 

--10-20 silica sand 
outside prepack 
(110.5-116.5 ft) 

,,,.-:: -Sump 

135-1__1 --------'---~-'--I ---'----'---I ----'----------'----1 ~~~~~~~~-'---i ~~~----, ~I 
fr. "'----------- URS Greiner Woodward Clyrle---------~ 
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Project: Rhone Poulenc RI / FS 
Project Location: Portland, Oregon 

j Project Number: 5292C0804A.00 00045 

Well Locacion Northwest comer of lake area I Dale(s) Installed 

MONITORING WELL 
CONSTRUCTION LOG 
FOR WELL W-09-86 

1/25100 Time 1200 

!ns:alled By Cascade Drillingt Inc. · I Obse."ved By G. Lui<erl 
............................. T T olal Depth 

86.5 feet 

Method of Installation Air rotary rig, annular material placed with tremie 

Screened Interval 

Remarks 

80 - 85 feet bgs i Cornptelion Zone Intermediate Alluvium 

Refer to Log of Boring W-09-86 for sampling data and lithology. 

I Boring Diameter: 

7-3/8 inches 

: Prepacked WeU Screen: 
: 20-40 silica sand 80-B5 ft 

~-----Elevation of Top of Riser Pipe: 

---Height of Riser Above Ground: 

round Elevation: 

JO/Type of Surface Casing: 
: 6~inch steel protective casing 

~&----,ID/Type of Riser Pipe: 
2-lnch-dla. Schedule 40 PVC ---------~ 

Type of Filter Pack; 
-----<2040 silica sand 78-80 ft; 10-20 silica sand 

outside prepack 

epth of Bortorn of Screen: 

I t,L..-,J,i(-'f----0,epth of Bottom of Plugged Blank Casing: 

of Bacl<iill or Seal Below Well: 

10,Wsllicannd (last sampled interval) 

'--~•m•••Depth of Boring: 

2.5 ft 

2.0 ft 

7B.0 ft 

78.0 ft 

80.0 ft 

85.0 ft 

86.0 ft 

B6.5 ft 

", NOTE: DIAGRAM IS NOT TO SCALE 
55 

! ,.__ ________ URS Greiner Woodward Clyde------------' 
.(>fr, ' "\ 



l 

Ii) , r,cl' ~ 
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I Project: Rhone Poulenc RI / FS 
"roject Location: Portland, Oregon 

'roject Number: 5292C0804A.OO 00045 

Log of Boring W-09-86 

Sheet 1 of 3 

Date(s) Dnlled 1125100 and Installed 

Drilling 
Method 

Samplin'il 
Method 

Air Rotary 

Grab from cuttings, SPT split spoon 

Size and Type 2-inch-dia Schedule 40 PVC 
of Well Casing • 

Geolog1sl 

Drilling 
Contractor 

Hammer 
, Data 

Screen 
Perl oration 

G. Luker1 

Cascade Drilling, Inc. 

140 lbs/ 30-inch drop 

0.010-inch slot {80-85 feet) 

Reviewer 

Total Depth 
of Borehole 

Top of Casing 
Elevatmn 

Apprt1x1me1e 
Surface Elevation 

86.5 feet 

Not available 

Not available 

Seal or 
Backfill 

Aquaguard bentonite grout 2-78 feet 
Groundwater 
Level(s) 35 feet bgs on 1/25/00 ATD; water equilibrium at 16.64 feet below TOC on 3/15/00 

C 
.Q • >-• • iii .!! 

SAMPLES 

OJ. C • o E u·-

"' .f ,; -~~~ m c. • iii C. c.- .c "5. "iii 1/J 
>0 • • • E o• "O -

0~ E ·.;; 3: u.c :g ~ g; ~ m • o •• 
f- z Cf) a:: ::c a::.~ IO 

0 

5
- ~ 01 NA NA 0.0 

-

10-~ 02 NA NA 0.0 

15- ~ 03 NA NA 0.0 

-'· 

-

20- I °' NA NA 0.0 

25- ~ 05 NA NA 0.0 

-

o,-
C> 0. 
0 ...J "O 

...J u 0 ·- () MATERIAL DESCRJPTION .\! g>"' .c 
C. 0 () 
!!! .c "' :-.=. ::i (!) _,_ 

Sur1ace Conditions crushed roc.k 

-•f.t!t GM Silty GRAVEL, dark grayish brown (1 OYR 4/2), broken rock 1n J:4':.. sand and sill matnx bnck fragments dry slight odor JFILL] 

fj e 

-

-

-

-

~~:'' gravel arid rock rock 1n fine to medium sand matnx, wood debns, 
....... dry, noodor[FILLJ 
't-.. -;• ... ., 

~;~. ~: r Becomes wet 
:14'"·~ f-

1_._;ff- SM f Silty S.AND; very dark grayish brown (2.5Y 3/2), fine. -20% low ·-
: ·1-- < -·: plasticity fines. saturated, no odor 
;· .. ~ 

·, ·> 
.. · .. 

;:$~•, -GP - Sandy GRAVEL'. very dark grayish brown (2.SY 3/2), gravel and-
,4:,:4-·:1 broken rock, -20% fine sand. saiuraled, no odor, slight rainbow 
,;, • .::_. sheen in sample [FILLJ ,~ .. . ·r•~~ ...... , •. 
.:.•·"-ii •. it# •. •;: ..... ;.: 
~--.} 

-

-
........ 
· Jl -sMiML - Sil~ SAND lo sandy SILT; very dark grayish brown (2.SY 3f2), ·-. J: saturated 

l 

FIELD NOTES AND 
WELL DETAILS 

......-6-inch-dia. steel 
protective casing 

It-Concrete (0-2 ft) 

--7-3/8-in.-dia. 
borehole 

-2-in -d1a Sch. 40 
PVC nser (lo BO fl.) 

11-Aquaguard 
bentonite grout 
(2-78 ft) 

30_L____\_ _ __.LI ____L----1:.L\"I-'-: '-I _c__ ___________ _L~2._: _£LL ___ ---! ::I 
~--------------------- URS Greiner Woodward Clyde-----------' 



f Project: Rhone Poulenc RI/ FS 
Project Location: Portland, Oregon 

reject Number: 5292C0804A.OO 00045 

SAMPLES 
m-

C, 0 ID 
C ai C: ID 0 _l" 
0 LI·-

"' 
LI E _l .~8 

~ " " .Sia~ • Q. LI g'u, a.- ID ID 
" Q. " >- .0 ii ti Ill >~ oU ID ID ID ID ID E 0 ID " - Q. 

- ID o.!! Q. E'iii ~ LI.C :;'.l~ ~ .c UJ UJ- >, , rn ID 0 ID LI -~ :J 
I- z U) a::: ::c a::.!: IO (!) -'-30 

06 NA NA 0.0 CL 

35 ~ 07 NA NA 0.0 

NA NA 0.0 

45 

50 ~ 09 NA NA 0.0 

55 

60 

Log of Boring W-09-86 

Sheet 2 of 3 

MATERIAL DESCRIPTION 

CLAY; very dark grayish brown (2.SY 3/2), some silt, saturated, no 
odor, rainbow sheen in sample 

Silty CLAY; very darlc grayish brown (2.SY 3/2), saturated, 
no odor 

FIELD NOTES AND 
WELL DETAILS 

7-3/8-in.-dia. 
borehole 

2-in.-dia. Sch. 40 
PVC riser (to 80 ft) 

Aquaguard 
bentonite 9rout 
(2-78 ft) 

ii~ ---6-5~~~~~~~~~~~~~~~~~~~~~~~--L--------------------L"'--""-'L--------J 

- URS Greiner Woodward Clyde---------~ 
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Project: Rhone Poulenc RJ / FS 
<>roject Location: Portland, Oregon 

roject Number: 5292C0804A.OO 00045 

Log of Boring W-09-86 

Sheet 3 of 3 

SAMPLES 

C ,rJ r: !l I; .2 o·-

"' <ii £ ~ 
g,;,: IO rn c. 

ii- ·- m- " Q. 0. >- .0 'E. "iii '11 
>~ {] . 

" " " " " E 0 " 
[j~ o.:>c 0. E ·in 3 o.c rn :Ji >, C, rn " o " 0 :§1 0 f- z Ulr!"E rr:.s 

65 
10 ~A NA 0.0 

70 

75 

so 
11 4-13-ia 1a o.c 

18 0 0 

95-, 

~-~,, 
0 ..J "' 
..J O 0 
o , ·aiU 
·- i ov.i 
,.C '-u 0. i Ott) f!•.C C, : ,-::;! ;:) 

: ....1-

MA TERJAL DESCRIPTION 

Silly CL,O,.Y; olive {5Y 5/3), saturated, no odor 

1 
, ~ 

---~------------------------------ML r SILT with coa"e sand pegged from cuttings) 

f 
r Pa*e Olive {SY 613}, medium plasticity, sandy. we! 

f Damp, no sand 

H•,t:1--;.;:-i- Sitty SAND; pale o!ive(5Y 6/3), medium to_coan;e:-s~brOUPdedio
rounded weathered sand, some basatt grams, -30% silt, medium 
dense to dense, damp, no odor 

l 

c,., 
,g lii FIELD NOTES AND 
f E WELL OET JJLS =e~ 

"0 Q 
~ ll 0) 

--7-3!B-in. -dia. 
borehole 

2~irt,·d1a. Seh. 4 C 
PVC nser \to ao ft) 

l:z:4'--Aouaguard 
bemanite gra1Jt 
(2-78 tt) 

20-40 sifica sand 
(7B-BO ft) 

+-•;.L-prepacked wen 
screen, 20-40 siliC:a 
sand (S0~85 ft) 

,J=~!-2~in. d'1a 0,010-in. 

[:f j =~~~~~ts':,~ 
:.i~r+-10~20 silk.a s~d 
;,fl oulude prepacK 
.> ! (60·66.5 ft) 

Sump (85-66 ft) 

I 
I 

i'---1-00_ ... ,._,_ --~::::::~~~::: _ _:__ _____________ _L-__;__; ___ 
1 

- · URS Breiner Woodward Clyde---------__, 
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47l - 73 
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BORING W-9-D 

GEOLOGIC LOG 
01:ac111PTIOII 

GROUHD ELEVATION JJ.B' 

IIICMI SANDT SILT WITH COIICJIET[ FAAWJITS 
(FILL! 

-liRM TO GAAT SILT WITM CR~IC MTERIM. AIID 
OCCASICIW. PEBRIS (FILL) 

~~--GRA, SILT {SDFT) 
"PJEC[S or PU:TAL AND OCCA5IOIIM. OA&AIIIC. 11nr.111AL 
(FIU) 

GRADES Willi LAYERS or FIii( SAND MO ULTT 
FINE SAIID 

COLOR TO BROWN 

BORIII' TERMINAl[D AT lll' (6-25-81) 

WELL W-9-D 

COIICRETE DEBRIS 
111 SILTY 5MD 
MATRU 

SILT llllll OR&NIIC 
ID-MTEllAL Mil 

OCCASICIIAL DDRIS 

r •1,0' ST!Cl UP 

I ~4-" 
~B IIICH PIKTCI 

[IUlLED Hll.( 

j--<I INCH DIKT[R 1111:.'t D£1r.i1TT 
POL YET HY LEI£ u.51.IIG 

1--- IEHf(l(IT[ - CDUT 61100T HAL 

-ZD,D IENTOIIIT[ SEAL 
-Zl.5 

·, ~SAKO IAClflLL 

;r 20- 5-IL"~,---
..rTAL AIIQ OCCAS- ., 
IIJW. ORI.MIC 
MHRIAL 

" -'-}"·' JO- SILT 

40-

~';_='· 

~ ~-' SLOmo 5ECTIIII 

'"'-=',l!i 38.0 - f!(•i;;. -:n.o 

LOG OF BORING 

11:JT[: 

OISCUSSIOII Uj THE TEil Of THU •l'OIT I!. l(C[SSA11 
Ft11 A PIIOPU U1D£tsTA110lllii Of SLIISW-.ICI UIIDITIIIIS 
l[V(Al.[D H nu IGRll!I.S.. 

AND 

WELL COMPLETION DIAGRAM 

W-9-D 
DAM•& 8 MOGA• 

-· ............. 
---------~·---· ~.-.. --.------· , .. -~· ·-·-
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l(ll[! 
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Ill 

Ill 

BORING w-11-s 
LOCmrr. 

>,T[[L 

covu GEOLOGIC LOO 

t'tMa_C..,:L;•---·~·=-=·~·~·:·~·~Y~JC:_:"--~~--=·~OJlJJ:,::•O~tc~!~"~l~!~;a:.;3~8~,9~·---.,,j,,r,-,:, 

Al'aOiUIT t1•t OAWIC DElll3 l!Et.Oil .,. 

(CONTINUED] 

LOG OF BORING 
AND 

H'.fl PIW'!Htn( ~tl(T ,., 

11~ Slftl tASIIG 

f• PW: PIPE 

IIEKlDliltr UAL 

p-Jt.'1JSSICNI IN Tit( l[J1 (IF nus at:PPIIT IS JIEWWT 
fOII A PlDPU UIIDEll57MIHIIG OF SI/I.Slll!F4t( (:rli!OfTlOlfS 
llE'tUtJI) BT Tift bs'IIUIIG:s. 

WELL COMPLETION DIAGRAM 
W-11-B 

Dames & Moore 

FIG~RI; A-l3 --------····--
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BORING W-11-B (CONTINUED) 

GEOLOGIC LOO 

CLAJ M' T1l Hl2' {f~ Me&) 

WELL W-11-B 

""" 

LOG OF BORING 

IIOf(: 

0J504SI0fl U M TUT Of nos ll£{'0RT !$ •tcuu.A, 
roa. A l'IIIWEI \Nl!l5TIUUl!M Of :!1$$WAtf CDlll)lltblS 
R!YfJJ..[l) IT TM( IOJI.I~. 

ANO 

WELL COMPLETION DIAGRAM 
W-11-B 

Dames & Moore 

FIGURE A-34 
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BORING w-11-s 
OEO•OGIC •OG 

••••«n., or,1;.J11liTtO• 
ML 6110Wtl n..:t s.fJl!)r s1tT \nLLl 

• 

• 
• ' ULT; ""'1£! SILTY JI ZOIO; OUT Sffrtlt, llET, I
. · r SP Mn wr ri,c 'fll lCU!tlf! _..nm MID wrtff sw 

; l00$1' \flU) 
, 

"-. SM DAlil wr FI•t: TO llal'JIM $NW, um; IW.Ti.L 
fflAGIIUTS• 1nu SffUI m1.1.) 

• ML .,.05
~ ~tr~!il~ }lli 1111lllffiWI i;tnt 

• 

• 

• 

• 

Hl!lf UllSES Qt 3fl.TT flit[ WII AIII ruru SIU.;: 
OctA.UOIW.. IIOOC: ~m; uw """°"'u.m 
~ Olll( GRAT snn Fill£ m MWJU'I SMJ 1tHlt 
OCCAS1Gloll 1~ TO ... ntlCl lflT(if(lll:llG L[~f:, 
Ol bUl. Wf SlHf Cl.Ar 

SM, , '14T ~nn fllfl tMI> w11t1 :ir1tu.rm(D u11~u 

M ~/;,,.:;"s~:,r~ o/ rnE SAl!llT Ult!- CLAYET 

ML~, wr nar SNc:i, SlLT, 3(11£ CL . .U, OCCA5tmw.. 
J W(UI Fu.iM!CU; Lill 1'£AAU.9l\lTT 

l.l.li' 

WELL w-11-s 

tlr~ lltS!l,LL!O 1•l4..§6 
VU.L OOHJ)ffl) S·ZS-86 
WlTr:9 LUfl 15.11' Sil~ Wt Fir'( S-Zl'-~ 

LOG OF BORING 

'"' Dl5tPSSU .. 111 Tio!( lUl pr tHIS l!fN:IU JS lttUWtl 
FOR A 1'fl01'U I.M)[IIST-IJ' M il.!131.!QfAC! to!!OtTIOIU 
Rtl'E""[O IT hf Jl;lli!JIJ!u, 

AND 

WELL COMPLETION DIAGRAM 
w-11-s 

Dames & Moore 

FIGURE A-30 

\;J-\\-S 
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BORING w-12-s 
GEOLOGIC LOG 

LOClfJIC 
51[[L 
cvvu 

WELL w-12-s 
KlNIKIH ELEV. 41.81' 
PVC ELEV. 41.0' 

IYM•~•:..:•~·~--~·~•:..:•~c~•:..:•~·~·~·~·-·--->':'"""e::s'o'e"e':'a"eM::...,le'a'a'c',,.,1,"",-,t STEEL PIIOTECTIV[ JltJNl.lll.111 

• 
g 10----, 

• • 
• 

" • 

" 

GRAllCS TO GII.AWELLT SILTI \UO 
mow 10• 

AIUIIOMIT n.¥ U,lf[l ICLOil 1S', 
DCIISE 

OC~ICIIA.l SL.lli G.,._VH l[LOil 
lO' rJLL 

~Olllllli H~IIIATlD AT Zl.i' (l-lZ-17) 

15.D' 

Wfll JKST"I.UD I-U-17 
ll'tll Dn'(LOP{D I-IJ-11 
111,1,T[R LO'[I 11.10' 

B[LOil Pit PIPE 1-14-11 

CO!.EHT 

BENTONll[ 5E"I. 

Z" PYC PIPE 

IIATUJW.. sorL CAY/llloS 

LOG OF BORING 
AND 

WELL COMPLETION DIAGRAM 
NOT£: 

Dl~CUSSIOII Ill THE TUT OF nus IIEPORT IS NEUSSASIT 
roR A PROP[R UIID[RSTAJIIOIIG OF SUBSURFACE CDNDITICWS 
11.UUJ..EO BT T!j[ 1011111'5. 

w-12-s 
Dames & Moore 

FIGURE A-35 

LD-l Z 5 
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BORING W-15-S 
GEOLOGIC LOG 

aTSHQLt o••c:t11t>t10• 

LliilfT ~ flll( $AIU» SILT MHM OCUS!~ ~,n {rttl/ 
~S: lC Wt M.MI SI.HDY SIU, MW: ClAl 

AICI fl•t MUIIJ( ll£U1S MW OCWltlll4l 
llutk rRAGHOU'S itU.tj 

i.tM'ISff 6ll(lWX ct.,\T(f SAMO\' :Sllf. mu rl.C rn 
t:fW<SE GIAV(t;. OCClilOltl\l C:Oll!CKT[ fu.Gllllll'!$ 
(rtlt) 

LQC(jjf(i 

""' ""' 

111:Ll IN5TALLCO 7~Z,t"'66 
WILL OEVELOPCO 8-IM6 

C(MEN:T 

IIDITOHlf( UAL 

z• l"fC: PIP( 

l"YC StlfOI 

IU.T(A l.£'f£1. I.C,U' 8[LClol Pft Fl~[ f-U-H 

LOG OF BORING 
AND 

0/SCU:S~IOII ,. lllC TUl or T!l!S l(l'OM! 15 H.tct.;;~A/if 
ro11. .. Pll!OPU U.OUHAAOUl(i 0, ~i.asu~F.I.CC CCM:IITICflS 
ll(Wt>.LEO It ft!( 801.l•r;J. 

WELL COMPLETION DIAGRAM 
W-15-S 

Dames & Moore 

FIGURE A-38 

- I C::-, 
\ _/ 
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Project: Rhone Poulenc RI / FS 
Project Location: Portland, Oregon 
Project Number: 5292C0B04A.OO 00045 

Well Loca1ion Northwest corner ol Schnitzer Property I Date(s) Installed 

'·U 
MONITORING WELL 

CONSTRUCTION LOG 
FOR WELL W-16-31 

2111100 Time 1000 

Installed By Cascade Drilling, Inc. I Obsel"o'ed By G. Lukert I Total Deplh 31.5 feel 

Method of Installation 

Screened in.lel"o'al 

Remarks 

Air rotary rig, annular material placed with tremie 

25 - 30 feet bgs [ Completion Zone Shallow Alluvium 

Refer to Log of Boring W-16-31 for sampling data and lithology. 

"' .. - .. -·.::"' 
" ~ ..... -· '-~-:-~ ~-
I., ... •.: 9 '"' 
.... · '11-;. ... :"' -

. . . 

~------,Elevation of Top of Riser Pipe: 

Height of Riser Above Ground: 

round Elevation: 

IDfType of Surface Casing: 
6-inch steel protective casing 

Depth of Surface Seal: 

Type of Su/face Seal: 
Concrete 

~;ij------1,!D/Type of Riser Pipe: 
~nch-dia. Schedule 40 PVC .~·___] 

Boring Diameter. 

7-3/8 inches 

~--------
Prepacked Well Screen: 
20-40 silica sand 25-30 ft 

NOTE: DIAGRAM IS NOT TO SCALE 

~,;«-----I.Type of Backfill: 
I Bentonite chips 

--Depth of Seal: 

r
Type of Seal: 

l------j(same as backfill} 

--Depth of Top of Filter Pack: 

:r""!"H----Depth of Top of Screen: 

I Type of Filter Pack: 
------j20-40 silica .sand 23-25 ft; 10-20 silica sand 

~ulside prepack 

IDfType of Screen: 

i---"H-------, 2-inch-dia. Schedule 40 PVC 
Screen Slot Size: 

I 0.010 inch 

'--' ... +-----Depth of Bottom of Plugged Blank Casing: 

l I Type of Backfill or Sea\ Below Welt 
1110-20 oilic• ,and (last sampled interval) 

--Tola\ Depth of Bonng: 

_J 

2.5 ft 

2.0 ft 

23.0 It 

23.0 It 

25.0 ft 

30.0 It 

31.0 It 

31.5 ft 

"'~----------------- URS Breiner Woatlwanl Clyde-------~ 
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Project: Rhone Poulenc RI / FS 
0 roject Location: Portland, Oregon 

, 'roject Number: 5292C0804A 00 00045 

Log of Boring W-16-31 

Sheet 1 of 2 

: Cate(s) Dnlled 2111100 · and Installed 
! Geo/og1s1 G. Lukert j Reviewer 

31.5 feet ~~!:~~~ Air Rotary =rg~~~~~cior -~~·~-.-.-d;··~rl;;~-9-. 1-n~:···· I !r~~~ 
s N -j, Hammer ---------~Te-o~p'-o'-1'-C~a"s'-,n-g ____ _ 
M~~';;~ng SPT split spoon Oat; 140 lbs/ 30~inch drop , Elevation Not available 
'-"-==---------------··· ·-s=.re=-.-n----- ----------t--~-- ------;;~:1rt~1~; 2-lnth-<lia. Schedule 40 PVC : Perfora!ion 0.010-inch sJot (25~30 feet) , ~=1r!~ation Not available 

l-"~'-="~~c::~,::.[i.::::::::::B"e-nl_Q_n_, ,-'te_c_h-,p-s-2-_2_3_re ___ e_t ______ r.;~eC"r~.;;u~'-)~,~!-er_N_o_t_m_e_,-sured ATD; water equilibrium at 3.27 feet bgs on 2/11itl0 

5 
01 2-2·3 6 

10 02 6 

1 

"1 
o, ,a 

i 201 ,a 

J 

i 
251 05 18 

' 
30 

260 

0,0 

,oa 

53 

SW 

ML 

L 

r Beci:imes very •oose; occas1ona_l gray lo gree:'11sh gray silt 
stringer, (larninahons), 0.2,0.5 mch thick. wet 

r f~-·Sand gr;;des medium, mi~ceous, loose .. no s~t lam1naliorn 

SILT; oa;r:. oi"Je gray (SY J/2) 

-inch-ctia. steel 
proteQ.ive casu;g 

oncrete (0-.2 ft} 

2-in-dia. Sch. 40 
PVC riser \lo :25 ft) 

Bentonite chips 
(2-23 ft) 

--------- URS Greiner Woodward Clyde----------' 



I Project: Rhone Poulenc RI / FS 

"reject Location: Portland, Oregon 

reject Number: 5292C0S04A.OO 00045 

SAMPLES 
c,-

C> 0 • 
_J 'O <= 11.i I: ~ E 0 .!:?8 .2 u -

"' 
_J 

'iii .cc· 
~ .r~~ • C. .Q g'u, • ~ C. >- 15.- -" c.. in ln >• .cc "'. •• 0 • "C • C. ]~ W.!!:! 0 .!! • E E.in ~ u.c ~~ ~ !;; :, •• 0 ou ~ =1 .... z ti) cc: ::c 0::::.5 IO Cl _J-

30 
-J 06 

3-3-4 18" 73 

111 

ML 

I 

. 

. 

-

35-

. 

-

40-

. 

-
. 

. 

45-

50-

55-

. 

60-

. 

I 65 

Log of Boring W-16-31 

Sheet 2 of 2 

I 
§.!:? 

MATERIAL DESCRIPTION ·;;;;; OJ FIELD NOTES AND 
°B. E WELL DETAILS =E1 

•ou ;a: u U) 

SILT, dark grayish brown (2.SY 4/2), organic debns, possible -Sump (30-31 ft) 
_ crude s_tructure, occasional medium to high plasticity silty clay 

laminations loose wet ·•···•·4t·· -.: . 

Bottom of boring at 31.S feet . 

1 -

t j 
f 

-

. 

- -

-

-

l -

I j 
- -

-
. 

. 

- -

-

1 

I . 
URS Gremer Woodward Clyde 
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BORING W-16-S 
GEOLOGIC LOG 

c;IWJ[5 fJIIT 10 C04RSt •t:Ltli ,l,l' 

IAS[ OF rJLL A.T IJ.5' 

ML '~1~~r:~~~='om~ic~:~i, 

I , 'lU) ll'v 

WELL W-16-S 

7.t'
ILO'-t,---

---+- 2" Pyt SCRtf~ 

u.o··-t---
H.1>'-

W[Ll llfSTAI..LED 12~n-ar; 
wn.~ l}[Y(LCFE!i lZ-lS-86 
WA.HI! l(V[L 7.JZ' !ltLIM 

PVC Plpt 

"11»/TfR[Y •W SAK;; 

LOG OF BORING 
ANO 

WELL COMPLETION DIAGRAM 
'Cl'(; 

IIIS£11Ulta llf rwt TUT OF 'THr5 ifPORi l3 ll[C(SSA.U 
fl:* l ~11'(1,U Ult'l(IISTU:IJ!*i OI' SUl!SJJ~FA.t{ C~DITl(JI'.$ 
llft.M..£0 U Tl<( DI~. 

W-16-S 
Dames & Moore 
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IIIT[UEDOfO 111111 LAYCRS OF 8ltOWII Fill[ 
SMDT SILT ANO SILTY FINE TO JEllllil ""'1 
Willi DRGMIC l'IATUIAL (SOfT) 

6AAOES TO GRAT 

D,lil GRAT rm SAIWT SILT WITH ORGANIC 
fllATEAIAl. (SOFT) 

C npv 
-.,,,t.J'c.. 5 

WELL W-3-D 

O FU[ TO .. EDJIII SAHD, 
TAACE SILT {fill) 

IO-

CM.Vtt.LY 

T +Z.CI' HICI UP 
,, 

:.... IIICII UIAMCTEII tllllL[O 1101..[ 

1--4 IIICII D1Al1£T(R HIGH DOISllT 
POLYETHYLEIIE WIN& 

JIIT£1111£DOED THIii 
I' zo- lAT(RS OF FINE 

WDI' SIU, TRACE 
~ a.AT Willi ORGANIC -Zl.11 ! "'TlRIAL AND mn ,. -u.o 100Dlllf[ SEAL 

-~ ... - ~ r1::~::.~ 
'~ri~f ~ ·1 

4o- ORWIICMATUIAL .,;_·=~-!~:~ 4!.0 

aoa:1111. HPIIIIIATED AT DEPTH or 41.S' (1-29-82) 

" 

1101(: 

OISCUSSIOII Ill lHE TUT OF THIS AHOI.T U NCCC~~All:T 
fOII A PIIOi'U Lll'OCIISTAIIOIIIG Of 5111SU~fA(l COIIOIT/!IU 
RE'fEAl[O Bl TH( BOIIIHl.5. 

LOG OF BORING 
AND 

WELL COMPLETION DIAGRAM 

W-3-D 

FIGURE A-17 



PRO~ECT NAME: DOANE LAKE HYDRDGEDLDG!CAL INVESTIGATION 
PROJECT NO: WA103.D1 

CLIENT NAME: THE Jf,£JuSTRIAL GROuP 
PACJECT LOCATION: POITTLANO. OREGON 
DATE STARTED: 28-.!JNE-90 
DATE COMPLETE!l: 03-.!JLY-90 
~DGGED SY: A. RIPLEY 
CHECKED BY: A. R!A..EY 
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HELL CONSTRLCT!DN 

,.._ __ 12 in d1a. 
drUltd no.la. / ,: 

J; 
1,1' ,-
' c ,, 

....i-,-',e----Well caun!jl, .d ln. 
dia. Sc:h 40 PVC. 
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',~· '--- Btnsea l grout. 
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40 7 

70 
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LOG OF W-70 

SURFACE ELEV: 34.50 feet 
DATUM: MEAN SEA LEVEL 
DRILL COMPANY: GEO-TECH EXPLORATIONS 
DRILLER: MIKE PETERSEN 
DRILL METHOD: HOLLOW STEM AUGER 
SAMPLING METfm: SPT SP\.IT SPOON 

MATERIALS DESCRIPTION 

Page ! of 1 

SILTY SANO ano construct1on aebris {wire. nricks. 
oattery cas111gs) (FILLl . {SMl 

j 

Battery casings - Slack, moist to wet. loose, ~ 
-· little to no so1ls retrieved in sampler. 
'- -------- ----- -----·. -- --...... , ___ ----... -------- --- ---- ---- -· 

SILTY SANO - Dark brown to blacic. saturated. 
loose to medium dense. medium to fine-gra1neo 
sana. well graded IFILLI . (SP-SMI 
Hater level taken 7/25/90 

POORLY-GAAOEO SAl'O with silt - Oark orown to 
black, saturated. medium dense. medium to fine
gruned sand. -no oattery casings tFILL'?J . (SP-SM! 

POORLY-GRADED SAt>O with silt As aoove. 

~ELL~AAOEO SANO with trace silt - 8rown. sat
urated. dense, fine to medium-grained sand • 
coarse-grained yellow sand sized nodules. no 
organ1c fragments noteo. {SWl 

WELL-GRADED SANO with silt - As above, with ll'Ore 
abundant yellow nodules. 

Change in drill rate at 33 feet. 
SILTY fAT CLAY - Dark grey, fflDiSt. very soft. 
numerous organic fragments~ clay Shines when cut. 
ni.gn plasticity. (MH to OH) 

SITLY FAT CLAY - orangish-brown to olive brown, 
mc1st. very stiff, abunoant organic fragments, 
(I+< to DHi 
CLAYEY SILT - Brown witn olive-brown mottling, 
saturated. soft to medium stiff. high plasticity 
clay, trace organic fragments. tML-0..) 

lnteroedaeo SANOY SILT with clay ana CLAYEY S!LT -
orown. saturated, very loose to soft, very 'ine
grained sano. mica flakes in sanoy interoeds, 
(I-\. + CLl 

SANDY SILT With clay interbedOed with SILTY SAMO -
As above. 

SIL TY SANO with clay - Br-own. _.et to saturatecL 
loose. no visible organics. {SM! 

SIL TY SANO - As above, except with trace clay. 
(SMl 

Boreriole ternnriated at 71.5 feet. 

FIGURE A·3 
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BORING W-7-D 

GEOLOGIC LOG 

FtU.. .. ,,,, ~, MID WCIOtl Ult( ltfTI! m.n SMC 
TO 5A!il!1' $Ill M.flfl (flU.i 

F!Ll. Sllt(!UO lllTTEIO WlllliS 

GRAT FIil lO JIIEOIIJI 5Ni0 llll'II A lW.{ 
Of twl&Mlt KlTERIAI.. (LOOSI ltl 
KDll.tt DOIS(t 

FILL TO ll' (fflOK (-LDC.) 

li,A.IOES WITH 11UCH ClAT 40' TO H' 
l~I f11Tfll.8£DD!:O SIU ANO SNnl {ffl,/),l E•t.OCiJ 

O IIIIICI;, o:)f!O!(T[ AIIP 
VOO!l R\ll!U Wl TH 
St l H SNill ro Wffl stu MAnm: ~····· 

SHR[D0£0 MTTW 
10~1~ 

nn TO /ll[Ol\l'I SAHD ,._ 
rucc Olil.iNllt 
MTCR1Al. . " -

+l.10' Ula UF 

...,, 
8 i.OI D14"(HI 
Dl'!!U[D Hot.( 

LOG OF BORING 

!/OT[; 

OUCUSS!Olt 1• ltil ftll Of nm, lll'Olll IS JlfCU.SAIT 
fllR A !>%Qllfll l.lf(!EIUiAIIIHIKi Of SWSIJIUC[ tl»l!HH!lti 
ti:Yl:Al.[0 9T TH[ l!WJHCS. 

AND 

WELL COMPLETION DIAGRAM 

W-7-D 
IPAMB8 8 MOGA• 

FIGURE A-26 
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BORING W-7-S 
GEOLOGIC LOO 

•YWt(H,. •••Cw.tf"TION 

P<t,/11 :ill'ff GAAVQ., ~DHl'I GEIISE {FlU) 

fWl,M CU1'[f JilLT. son ('ILL) 

um1n ,,.u.-; f!ViGK:lfTS tc ~· 
11,RIMI CL.U(f :5 Ill; lllTILED ilHHC MO WY 

lilTll TUI:£ :W.O AIO (JI[ I.RAV(L, SOFT 
(fill) 

IIIATfl LOEL p.n.uJ 

u.nnr WIii, fJIJl;ll\[NTS TO I". lOOSf 
(fl!.L) IIOTt: WIiii AIIO WAHR Allr rcn 
I\Wl 

"HIJ.VI~" 

,- ._,.,-. er..=·-"'' 

e~ "c.f r/ 
~~ ... ~ -.,,~JJ' E.;; 

"'"'"' WELL W-7-S nru. 
COV{R l&.W· 

"' 

IS' 
U' -

'll(LL t•ST4lLt, J•l<l~86 
lrl[ll OCW[LO,ro ll-28-86 

:.!!.ll" 

HEEL FR01(CT!YC l()llflEl!T ,., 
mm 

8UITOIIIT£ SEA:. 

lrtlATER LEVEL l(l,4S' 8Cttlol nc ~IPL •·ll..S6 

LOG OF BORING 
AND 

lltlT[; 

D!SOJHlOII ,_ ™( T(lt nr llHS ll(lll:IU ll ~CCESSMT 
Foa J. PROPH lll!IER.STAMDIII. fl/I SUIISUllfACt CC.O!TlOIIS 
•tvtAL(D n Tll[ ll!!Rlll&S. 

WELL COMPLETION DIAGRAM 
W-7-S 

Dames & Moore 

Fl(iURE A-2 5 
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ST A TE OF OREGON 
COUNTY OF MULTNOMAH 

CERTIFICATE OF WATER RIGHT 

l!tijl5 3J5 tO <!:ttftfp, That 

3200 N.W. Yeon Ave., 

INDUSTRIAL AIR PRODUCTS, 
OBA: LIQUID AIR, INC. 

, State of Oregon, 97210 , has made of P.O. Box 16087, Portland 
proof to the satisfaction of the Water 
a well 

Resources Director, of a right to the use of the waters of 

a tributary of Wi 11 amette River 
industry 

for the purpose of 

under Permit No. G-6015 and that said right to the use of said waters has been perfected in 
accordance with the laws of Oregon; that the priority of the right hereby confirmed dates from 
October 9, 1973 
that the amount of water to whic1i such right is entitled and hereby confirmed, for the purposes 
aforesaid, is limited to an amount actually beneficially used for said purposes, and shall not exceed 
0.22 cubic foot per second 

or its equivalent i~ case of rotation,. measure~ at. the P._Oint of diversion from the. well. 
The well is located in the Nt.!,. SE!.., as proJected w1 thrn M1 lton Done DLC 39, Sect, on 
13, T. 1 N., R. 1 W., W. M., 2200 feet North and 820 feet West from the SE 
Corner, Section 13 

The amount of water used for irrigation, together with the amount secured under any other 
right existing for the same lands, shall be limited to ------------ of one C11bic foot per second 
per acre, 

and shall 
conform to such reasonable rotation system as may be ordered by the proper state officer. 

A description of the place of use under the right hereby confirmed. and to which such right 
is appurtenant, is as follows: 

NE!.. SE!;, 
As projected within Mil ton Done DLC 39 

Section 13 
T. 1 N., R. 1 W., W. M. 

The right to the use of the water for the purposes aforesaid is restricted to the lands or place 
of use herein described. 

WITNESS the signature of the Water Resources Director, affixed 

this date . October O, 1978 

................................. /~~u ......... . 
-tor 

Recorded in State Record of Water Right Certificates, Volume 39 , page 46721 

·- " -.. _ _.. _________ ,,~~---~.--.--·----~------·- - -. - .-~~--- - . . .,.. ________ ·--· .··--- ·-----~ ------· ~· ,, ___ , 

4 u..~ 
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RECEIVED 
OCT~ 1973 

ST"TE ENGINEER 
SALEM. OREGGrJ 

Permit No. G-..... J} ... ~~.QJ~ 
cumrtCATE No._!./k_(2_~ . 

'APPLICATION FOR A PERMIT 
i: 

To Appropriate thJ Ground Waters of the State of Oregon 
,,Ii 

I, .Indus.t.r.i.al ... Air. ... P.r.o.du.c.ts., .... do.ing ... busineaa ... as .. Liquid .. Air ...... 1nc. .............. . 
3200 N. w. Yeon I.venue (Nameofappllcant) 

of .. P .•... .O ...... Box ... l60.8.7., .... P.ortland1-... 0R. ..... 9.7.2.l.O .......... , county of .. Mul.tnomab ............................. , 
(Postofflce Address) 

state of ............... .O.regon ....................................... , do hereby make application for a permit to appropriate the 
following described ground waters of the state of Oregon, SUBJECT TO EXISTING RIGHTS: 

If the applicant is a corporation, give date and place of incorporation 

PORTLAND OREGON 1-23-1950 ............................................................... , ........................................................................................................................................... . 

1. Give name of nearest stream to which the well, tunnel or other source of water development is 

situated .... .W.i.l.lamet.t.a .. R.i.vei: ...................................................................................................................................... · 
(Name of stream) 

.................................................................................................................... tributary of ...... C.o.l.um'bi.a ... Riv.e.r ............... . 

2. The amount of water which the applicant intends to apply to beneficial use is .... 0.-..~~---· cubic 
feet per second or ... 100 ............ gallons per minute. 

I O 

3. The use to which the water is to be applied is ......... .Ac.e.tyl.en.e ...... ge.n.e.r.atio.n ..................... · 

.............. .compr.e.s.sQ.r ... .and ... ac.e.tyle.ne. ... c.yiiinde.:t .... c.oo.lingA ................................................................... . 

4. The well or other source is located ,2.200 .. ft . .. No.r.th.ind .820 ..... ft. Weat. ... from the S .• E. .... . 
(N. or S.) (l!:. or W.) 

corner of ... S.e.c.t.i!Jn.:.13. ...... T. .. .l ... N., .... R'..l .. .W ... of ... t.he ... Willamet.t.e ... Meridian .............................. . 
(Section or subdlvlllon) 

(U preferable, 11tve distance and bearlnll to section comer) 

.............................................................................................. _ ....................................... ,t-•••••••••••••••••••••••••••••••••••••••••••••••• ............................................. A.f' ......... . 

Nort: east one-quarter . . 
(If thei·11 more than one well, each muat be detcrlbed. Use 1eparate lheet If nece11ary) · 

being within the ....... S.o.u.t e.as.t. ... one.":":quar.t.e.r: ...... :. of Sec .. 13 ........... , Twp . . 1. .. N ........ , R .. 1 ... \'Jl •••••••• , 

W. M., i1J,Ahe county of ....... Multnomah ....................................... .. 
,/,,./ 

5. The .......................................................................................................... to be .............................................. miles 
,(Canal or pipe line) 

in length, terminating in the ........................................................................ of Sec ....................... , Twp ....................... , 
(Smallen le11al 1ubdlvl1lon) · 

R . ....................... , W. M., the proposed location being shown throughout on the accompanying map. 

6. The name of the well or other works is .. Li.quid ... Air ... ..P..rcduct.a .. p.rocesa ... wat.e.r ... sy.atem .. 
DESCRIPTION OF WORKS 

7. If the flow to be utilized is artesian, the works to be used for the control and conservation of the', 
,upply when not in use- must be described. · · · 

.................................................................................................................................................................................................. · .................................................... , .............. . 

....................................................................... { ;········----······--· ......... , .. ,y•····----······--··--··--·--·----·····--·······--··------··--······----·· _ ................. . 

\• 

8. The -development will consis.t of ...... one ... well .................... :.: ...................... :.: ........................... having a 
(Give number·Of well1, tunnell, etc.I 

diameter of ..... " ........ , ....... inches and an estimated depth of ..... 302 ........... feet. It is estimated that . .83 ..... ~ .. . 

feet of the well will require .... 8 .. .i.nch .. st.eel. ..... casing. Depth to water table is estimated .. .l.:S. .. .f.t ..... . 
. , (Kind) (hat) . 

.......................................................................................................................................... · ............. · ................................................................... . 
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CANAL SYSTEM OR PIPE LINE-

9. (a) Give dimensions at each point of canal where materially changed in size, stating miles from 

headgate. At headgate: width on top (at water line) .......................................................... feet; width on bottom 
,I 

.................................... feet; depth of vkter .................................. feet; grade .................... : ............... feet fall per one 

thousand feet. l . 
(b) At .................................. miles from headgate: width on top (at water line) : ........................................ . 

.................................... feet; width on. bottom .................................... feet; depth of water .................................... feet; 

grade .................................... feet fall per one thousand feet. 

(c) Length of pipe, ................................ ft.; size at intake.: ...................... in.; in size at ............................ ft. 

from intake .............................. in.; size at place of use .................. ., .......... in.; difference in elevation between 

intake and place of use, ...................................... ft, ls grade uniform? ................................... Estimated capacity, 

.................................. sec.ft. 

10. If pumps are to be used, give size and type ........... J.ac.uz.z.i .... 6!.~ ... Mo.de.L.1.0S6.B10 ......... ,.' .... '. ..... . 

•• .. .. • ...... .......... ...... • ... • .. • .. " ....... -- ...... - ...... ~ ................................................................. - ...................................... ,. ......................................................................................................... -~ ...... ··- .... •4,0-,0 ..... ,a;,. ............... ~ ........................... . 

IO 

<· 1: 

; i!. 
I 
I 
1. 

G. h and ty f t r or eng·ne t be ed "V'I horsepower, 3 P.hase 1. 1. / ive orsepower pe o mo o i o us ... ~Y ................................. , ..................... J. ••••••• 

......... 220-440 ___ volts, ... electric .. induction .. motor ............................................................................... .. 

11. If the location of the well, tunnel, or other development work is less than one-fourth mile from 
a natural stream or stream channel, give the distance to the nearest point on each of such channels and 
the difference in elevation between the stream bed and the ground surface at the source of development 

.............................................................................................................................................................. ~ ...... ~--····"··"'················· ........................................................................................................ .. 

12. Location of area·to be irrigated, or place of use .................................................... : ....... ~ ............................ . 

Range 
. ', 

Township I:. or w. of Number Acres 
N. or S, WUlarnette Meridian Section l'ort/r•acre Tract To Be Irrl.cated. 

l N l w ' .1l3 NE ~ SB ~ . 

.. 

' ' 

•, 

i 
rl · ' 
~ 

\ 

(U more IPBCB required, attach NPIIJ1lte llheet) 

Character of soil .............................................................. .:. ................. f ·;·····-................................................................ .. 

Kind of crops raised ...................................................................................................................................................... . 

I, t 
;, .· 
I· 

j: 
I 
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MUNICIPAL SUPPLY-

13. To supply the city of ............................................................................................................................................ . 

in ...................................................... county, having a present population of ............................................................... . 

and an e11timated population of ......... 1 ............................ in 19 ......... · 
L 

ANSWER QUtTIONS H, 15, 18, 17 AND 11 IN ALL CASES 

14. Estimated cost of propose'p works, $ .... 7..,.£0.0 .................. . 

15. Construction work will begin on or before ...................................... .8.~.19.::.1.3 ........................................... . 

16. Construction work will be completed on or before ............................ .. .. 1.0:::31:::.7.3. ...................... . 

17. The water will be completely applied to the proposed use on or before ... 6.:1.:-.. 7..4 .......................... . 

18. If the ground water supply is supplemental to an existing water supply, identify any appli
cation for permit, permit, certificate M ad;udicated right to appropriate water, made or held by the 

applicant . ..................................................................................................................................................................................... . 

..................................................................................................... -......................................... tz-~--~ ... ")ly~· .. 
........................................... Jlavid .. B., ... Wi;J.lis ............. . 

(s1enaws~t"!11cpy.od. Manager . 
Remarks· ..................................................... · ................................................................................................................... . 

..................................................................... , ........................................................................................................................................................................................ "' ............................. .. 

............................... /,. .. -.............................................................................................................................................................................................................................................. . 

STATE OF OREGON, I 
.ss. 

County of Marion, 

l'his is to certify that I have examined the foregoing application, together with the accompanying 

maps and data, and return the same for ...... Jt9.IT.ff9.U.QD. .. and ... ~o.mple:tion ............................ : ....... : ...................... ,' 

............................................................................................................................................................................................ ~ ............................................................................................................................ ~ ................................. . 

In order to retain its priority, this application must be returned to the State Engineer, with. correc-

~§ on °" bef Me ..... .Ml.lrD.h .. :7 ........... :r_·-....................... , 197.!+ ..•.• 
z 0 li, 
~~ \ 

zo 
~ ';i WITNESS my hand thia ...... :,. ... 'ft ..... day of ..................... .JanU&PJI!··· .............................................. , 19 .. :-,.4.. 
t- LIJ 
,c( ....I 
t- < 
VJ VJ 

....... Qffl.tS . .lu::;::vm~:.EC ..... . ... : ........................................ . 
~ -' .,, . . 

1 
STATB l:NGINUR. 

By z~.;-·······;-'-·:·:·;-·;y·-.. ·······....-;:;ANT·· .. ~t · .. ·'~ 
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G GOJ5 
STATE OF OREGON, I 

88. 
County of Marion, 

PERMIT 

This is to certify that I have examined the fore going application and do hereby grant the same, 
SUBJECT TO EXISTING RIGHT~ and the following limitations and conditions: 

The right herein granted is iJmited to the amount of water which can be applied to beneficial use 

and shall not exceed .... JhZ.?. ........... ,cubic feet per second measured at the ~oint of diversion from the well 
,i! 

or source of appropriation, or its equivalent in case of rotation with other water users, from .. ~ .. !f!:.!.t ...... 

_The use to which this water is.to be applied is ..... l~-~.}.~~:1:1:~-~-r.l ................................................................... . 

If for irrigation, this appropriation shall be limited to ................................ of one cubic fo.ot per second • , 

or its equivalent for each acre irrigated and shall be further limited to a diversion of not to exceed ........ .. 

acre feet per acre for each acre irrigated dutjng the i.rrigation season of each year; ........................................... . 

. . . ............................................................................................................................................ _ ........................................................................................................................................................ -
.................................................... ~ ................................................................................................................................................................................................... · .......................................................................................... . 

...................................................... ~ ........ ~ ...................................................................................................................... -................... -.......................................................................................................................................................... ..... 

and shall be subject ta such reasonable rotation system as may be ordered by the proper state officer. 

The well shall be case.d as necessary in accordance with good practice and if the flow iB artesian 
the works shall include proper capping and control valve to prevent the waste of ground water. 

The works constructed shall include an air line and pressure gauge or an access port far measuring 
line, adequate to determine water level elevation in the well at all times. 

The permittee shall install and maintain a weir, meter,· or other suitable measuring device, and 
shall keep a complete record of the amount of ground water withdrawn. 

The priority date of this permit iB ................ Q.9.tQP.~!' ... 9J ... l9.73. ........................................................................ . 
. 

Actual construction work shall begin on or before ..................... N9.Y~.W1>.~F. .. .3..s .. .19.7.§ ................. and shall 

thereafter be prosecuted with reasonable diligence and be completed an or before October 1, 19 ... 1.1 ..... . 

Complete application of the water to the proposed use shall be made on OT before October 1, 19.1.§ .. . 

' 

~ · I 
I 

I. 
ii 

JI : 

>tJ ."·' 
'1 

1 
J. 

WITNESS my hand thll .-.l!'.11_ ... -.. "411 of -·-········!!P..Y.!!!i!!~!'. ............... z·····7 l9.7.2.... . .·. 

• • ..................................... !.~ •••••••• ,., 

ater Resources Director ........ •tt...... · 
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View Water Rights in same Family

Help understanding and working with the Water Rights Information System

Report Errors with Water Right Data

Return to WRIS Query

Water Right Information Query Results
Contact Information Documents   View all scanned documents

Current contact information

OWNER:
LIQUID AIR INC.
3200 NW YEON AV/POB16087
PORTLAND, OR 97210

Application: G 6315

Permit: G 6015 document , paper map

Certificate: 46721 document , paper map

View right with Web Mapping

View Places of Use from Water Rights in the Same AreaWater Right Information
Status: Non-Cancelled

County: Multnomah

File Folder Location: Salem

Watermaster District: 20

Point(s) of Diversion
POD 1 - A WELL > WILLAMETTE RIVER

Place(s) of Use    Add TRS grouping

Use - INDUSTRIAL/MANUFACTURING USES (Primary); Priority Date: 10/9/1973

Water Right Genealogy
No genealogy records available for this water right, try the family link below instead.

Page 1 of 1Cert:46721 OR *

5/3/2010http://apps2.wrd.state.or.us/apps/wr/wrinfo/wr_details.aspx?snp_id=99121
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I 
.. Loca~ ;,ell arid:acreage of irrigated'fand .~ttplat . 

·• · · · · · · ·· Scale: 2" - 1 Mile · · ' . · · 
' ,, .• ... ' ' ... · ... : ·,. 'f· .. >· · .. - .. :,,.'. ' ·- · .. · . ' . _/ . '. . . ; '• .. 

. •· . . . ·hi·.. . J. . . . . . , ss/. 

, 

-... 

STATE OF OREGO~· ... · .. · ·.. . . . ·i· / ·· . ~J 

· . ccitigty • of ... : ... ~.t.1.. ..... ,.-., ...... r. .. ,'. ................ , ....... :.~., ....... :-.... i: .. 

I, ... ,._JJJ ~-~-.. -....... , ·b~ing first duly sw~, d~ h~reby certify that I h'ave 
· read the foregoing R;;~;,ti~n Statement and that all of the items therein contairted are true to the best of 

• I \("-. A (\"t":"'" : . .. . 
mykriowledgeandbellef.i · , ' FIBREBOARD P~PRODUCTS,CORP. 

. .· I . . . . . .· ............... ~ ... ~ ....... - .. '. .. -................... : .... 
1
~1-~nt · 

·· · . ··..;., . · . ·. ." · ~-<if~o ·. . · ;,a.nager . 
. c b • .be· •.d .. d' : . I ' f bef. . . . . this v.f da f Jn .v'Uf!- 19 S 7 . 

' .. ~ll sen . an s:w~ o, .· ,. ~re Il\e ......... ~.'!··.~-·. r O "-:7i'""·"·-·---i-··--n-···----·•-,• ......... . 
• ~ I " / , ~ "j ·--,~ • \} /'1 

MY:commfsslon ex¢res{ J k71}. '/ . ·- J. .. ........ ,,"x:./.·t'/,:wth .... ...... 7~/.v··-·-····--........ ·. 
(SEAL) ~, .•. r · · · · . · t1. , ~alaey : 

I' 
! 
I 

.. 
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I 
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t 

--J.--..-l'----. +,-..... rr : '. 
,·. . : · [ . l ' ... . .·, . . 

I • · ... t · r -1 · 1 
I ... ·1 

.. - . . -'!., 

}: 

•.. ' . t .. ·1· '1 "· 
· ·I ' .. · .·· ., I · 

-----~ · ---r-----t-----l ' . [ · ! . ' 
I . ·1. 

--:----+--'-,-,-. -:-; --~-.-· I 

i ;' :,f · . r .. 
.. 

-- ;----- ---- r------. ''. •, ! ' . . .. J .· .. '' 
. t· . . '.i 

Locate'. lVell and acreage of irrigated land on plat.' . 
· .. Scale: 2" - lMile · · · · 

'· . 
. " . ., -: ' 

\ ' ~ ' CER'l'JFICATE OF ·REGISTRATION' ' . ' 
.. , 

STA!$ ciF .OREGON . . . - . -· .. 

Cowi.fy of.Marlon 



. . . . - . ' 

.n~G1STRA110N No. ~C:...'t.8..z t'-l; 
ciRr1F1cArE. No. G~ . · · 379. · 

,· . 

. ·,. . .. ·, : .· I \ • . 

_,._.. __ . ,.,;.__c; County at __ ..... .MMl.tm:imitn.,!. ... , ... '. .... --. .;~,., ............. - .. ..: .... , ... .. 
• •f • • 

· ... > . ' ' ' ... .-. ·' .... ':. ·. . '· • : . ' ... . . . . ' . ,· ,"' .. ·, ' '} . '.· ' ' ,• . . ,, 
· .· Sta.t;,e of:~.,..Q.~.E.Qn.,;~~ do hereby make application for a certificate of registration as eviden,ce 
oh right to appropriate ground. ~ter. . . . . . . · . . . 

1: · ~ from v.,~ w~~- ~· ~thdra~·is ~~ ..... P.mt\P ... ~ll.:.~L.'-~·-·-: .......... :-...... ~---~·-·· .. '. ....... '. ........... .. -~, '.< <6 0 . w:-p' ..•. i ·· .. p -~-u.b-.-ln-~orlUMel) .. . 
i. ~ is. ____ 3.$_.J.l~'-'-··-1:..Q.ID; ..... J;,,u.. ..... ~r..t.l.!l.n...4..,~ .... r.~:goI.L ................................ , ................ , 

· · ,· · ·· : . .. , · •> .·• · ··• ,· (4-tw-W--~ou:,ortownJ ·· . · , 

. '~d~m~panicm~lyd~beaUfOll~: ' I .... 

. ·(. '). s. ,Q· o· o· o·., E ·1.0!:'1 ..... ,..""' w A ·.CQ•"' . 3 .. ,. • ~" l'l'IT>T-RIE. ,.,.· i< . .• . . . . a ·-·~-~. o••••• C -:-o __ _s.,..;:t,2,.., .... ;'h)t'.,..;ir,A'h-:-····-··...;.. ••• ~.A ... ;... ••• Y...:,W .... f ... ullih.~.~t..:. ._rJ.:.a.a;.;.,a._.. .... .,. ..... 1 .. --,~------Hw 
. · .. · ·:. · .. · i, ·. ·. ·.: (Ol'nl,~.andt,urlns.to_ol_or_oll>vlq&llllll>cll'!llloa) : . . ·, 

bei~g withln'· . ..,IDL·t'..9.f. .. J:.h~ .. J?Jf...l,, •. -. -•-. ..,..:. of.~. , ... J,.a. ... " ...... ;Twp .... .:11:L~ .... .:, ... , Rge ... -1E ....... : .. ; ..• · 
.. . .· ~lopl-OU)· C • • • • • • • • (N',.,.S.) .•. (&. ... :W.) .·. 

· · (b)·. :thml';..'tilof ' · rd-.. lat·--' .,;.;.:., to · ·t· • · : Portland . • · .. · · .. ·. . . . Wl .. ,.,. . ,.rtlCO ""p. ..,.. prop-, • .,, . wn or c:1 y ............................ , .............. , .... : ..................... _ ........ . 

••:~;!~~;~,-·,_: ... M~:~; :-·t--' . ' ·. .· •.. 
. 3. Construction Work was begun on-.JL~Mxm..if.f.'f.~ ....... :; was completed:on ....... Jt~D.QJ.iTL.: .. : ....... .. 

· . • . . .~' . • ' ' • • • · .. ·.·· <D•t.> . ·. . . . . : .. · Unk~o:.:i-i . . 
and the groun~ wa.ter claimed wall first used for the purposes S!t out below. on .... _ .................................................... , 

.. · .. ·• since whi~ time. the wat~rhas beeti used. :., .. , .. : ...... ~.~!:!tJ.ri\t~B!(hY. .. -~ .. : ..... _ ........ a •• : .. "···-.... :.~==~: ....... : ....... : ..... , ... . 
.: , - ' · : · · ·· ' ·(Continuomly or tntetmlttenilJ") ·· · 

f~m .Unkrio~ .. , .... ;.,. · to. 1~951,_ .. ,.· ... ,.. . \ . 
. ,. . .. · ... ·, ·. . . . . .·. 20 ' . . . . . . . ' .. · 

. 4. QuanHty of 'l'lfter claimed aIJd used is .. , ............. ,. ...................... gallons per minute; ·:····.: .. ~.'.:..,. ............. acre· 
f~t per.year. . · . .. . . . · · . . ·· . 

s. Purpo~ or hl'J,oses for which water is used ....... ,.G9.211ng ... a.nd,,pap~r,.malrf'ng ........... ,:: .......... , .. · . 
C, 

':· .... · ... ..... · ............ ·. ·.: ....... · ...... · ........ tManufac t)Jrine;L .. · ... · ... : .............. · ................ ·. · ... · ..... · ....... · ......................... · ... ·.· .. . 
· · · · · · · fDomffttc. tm..,Uon. m.unldpat,' tnAnuta.ctW1na, Jedu..,.trW •. ct.c.l · · · 

's.' De!icription ·Of Well: . D~pth .Ji?.5..! ........ '.,. feet. Typ~ :.J?.dsll.e.d .............. :c.;. .......... , .... : .... ::..:, ....... ; ........ : ....... . 

···.·.· • · S" · .· .. . ' ..•... · .. ··. ··.. ·.· ..•. • .. . . , ~·.· 
2

j r (Du~or.drtll<~. . ... ·· 

diameter ... , ........ :c ..... ,.: .• inches. Elevation of"ground at well site .... , ....... :L ................... -................. :feet, rqean·sea level. 
·· · : ' . . • ' . ,. (°As.ne:trMkru:JW"n) , .· ·. ··,:. • ,. . . 

· Depth to water table · · feet.. -<> 

7. Capacit; of Well: , ... :.: ... :.,}?.0 .... g.p,lll. with .. , ... ,!\ ... ,., .. : feei drawdo,n1'. . 

· ... :.~:,.,,., .... ,: ... : g.p.m; · vtith .: ..... :·:: ...... : ... , .. feet drawdown. 

Date of test .: . .JfQ.Jl!!!.~l?.r.sL .. ,: ........... , ... .. . . 

. . ~. .. . . . . . . 

. U Fio:W1g Well: Measured discharge '. ....... =.':':: ..... :: ..... g:p.m. on 
·. . I·, . . . . . ·. . . . .: . . . . . . . . .. 

Shut-in .. pressw;~ at ground surface .:.~., ...... ::;-::; ........ , ... ·:··":·· lbs. per sq. in. on .................. ,0~~;·, ........ :.~•-~ .. :--

Water .is controlled by ........................... ~ .............................. _. ........ , ........................ . 



I/ ... 

....... -.... _ ........ ,_ .. _.,..,,;;..., .... ,~ ..................................... from . . : ...... · .· ; . to . . . . ... .. ·-..... feet 

•; .. · .......... ' .· .... __ .:. .. : - ............ · ................. ;from . ' ... · ... · .. to ..................... feet. 

Descri~ and show depth of shoe; plug adapter, liner or other details: ........ : ...... : .. : ....... : ... : ................................. ~: . .:... ..... . 
' . ·.:. .•, ·."' ,- . ,- ·,' . . ' ·. . . , . ... . ·, •. . . 

•·• _,, •. -:' •• . .: ... ~~~foO!Gd·-~~~U~OZd< .. rl~m~n\··•· ........ · ...... ' ..... l;l'()~ • .. ••• · ...... tO ........... ' .. · ..... /;' 

· ........ ···· ...... ·.-····· _,:_ .. .' ... ·. :· ........ ... : .. · .. · ....... ·.· ..... ·.: ·. · ........ ·.: ..... · ..... .-:· .......... from .... · .. ·· ....... · .. tp ... . · ........ , 

··.·.· .... : ...... ·.: ~-- .............. ·.··.··.-·-:·:·.· .. J ........ ·.· .. ·, ... ·.· ......... · ............ ·_ ...... from .. '.--·· ............. to_. ........... _ ..... . 
. .- ·., ;' . - ]. ' . . . , . . .; ,_ -

""""_.--.... ll.~ ... -·-·- -.. - ... • 

9

,.~ .. --.. 
1
~-- .. - .. -- ~--: •.. _--·-·--:··-·· .. '-~> .......... ,..,_.-_ .... ~ ... -..... H ....... ·~-~ .. ·:t;ro~ .. ~ __ .- .. ; _ ·· .. _ ... H .. to.· ............. --······ 

· 10 • . Log. of Well: (Describe Jach. ~tratum or iortnation'cleiu:ly, mdf~tejl'water bearing, and give thick-
. ness !llld depth as indicated.), · · · · · • · · · · · · · 

I.LO I 01· 

Cla Silt 
. . 
Hard.Rock 

Rock 26' 1<11 1 

' 
·,. 

200 1 91 1 

· Haid Rock 21' 12 1 

·· Sof't·Roek· 91 l.i.21' 

Hi.ind Rock 

) 

\. 

i 
! 



.. / . :> : . ,: '.Ll?,of ~e\: ·.~ \abie:for iog i;f well may be wied; if desired. Give footage frorn portal 
~~$~~,~· .... · ,· .... ··· ... ·.· . 

·a 

. (a)Pupip'.· .... .P~t::.f.lmllt~Qg.~~----~:: ... ;.,...-· -: ~i.,~.L., . ..; . .: .. _. Cap:u:ity ... JfMn5;!!<:{l'.L. g'.p.in. 

. (b)!lot()r. ~Ve~~i~:t::Ltl H.P. ~1!4.ovL~.: ,.· ............ · .... · ......... ·~-. 
I. ~ 

'ii: ~tfon ~ ~ ~~.or'to be irrigated, o~place'of us,! if !o~ .pllrp()!les otller than ~ation. 
-. '; .. - -·, ,._ ·:·t '·.- .. : 

. · 

.· 
.·. 

: 
.. 1· 

.. : 

. 

. 

:' . 

,· . . 
·'··· 

. . ::.:,. 

: 

. . ,· 

•' ·. 

. 

.: .· 

.. : .. '• .. 

'.: . 

·\ 
.•. ) 

··.· .. · . . 
.· 

"'· 

.. 

.. 

," 

·> . 

na1o·o1 --
. .. 

.· 

/ 

·. 

•. · • 15. If the gro~dWater supply is.supplemental to an existing water:~pply, ~dentification ofany appli-. 
· ·. ~ation for a permit,_ p\nnit, certificate _or adjudicated right to appr?priate wat~r tnade or held hy the registranJ. 

.• . . . . .. · .. . \ . . '.f ' .. ' ., • . . . :· . . . . .· •. . . ~ .. 

· I' 
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. I 

:1 ...• 
. . -, ,., .···: --,.:.~r----· 

I 
I 

. " 

It'. , t ·.• · 
I . . I 

! ' l. . _ ... ;,.:.,.. __ t __ ,; .. :_ "': '---+--. -
J . : ··1: . ( ' . 
I _......;:_· ----I 

18 , . -.. j ,,, : . ·l · ·,i·: '. : ... ~'J. -·> -; <: . :-:-.~, ~:-~:-+-~~-- .. -. -. ;-. ---1· .· · ... ·' i \ _: '·:·· .. · .. · r . . 1 .. ·· : ·· 

r. _ . · :- . "' .. ., : ·· ·, . i· _ · . . . · 

·• · · Scale: 2" -1 Mile · • 

'? . 

·, " 

.... 
/ 

. Loca~well.and, acieag. e o!.irrigated'Iand _oh plllt. . • 

• • .. • , ., 11' ' ' .' • • ,' ·, 

=~.:F_~;~ -·---~_J~. . ~y . . .. 
II\\~· cl" .J. · · · ·· .. ·. · · 

I, ..... - ... ~ .......... --··-~·-·-"--··• 
0

being first duly sw:mi, d~ hereby certify that I h'ave 
read the foregoing Regi~tr tion Statement and that all of the items therein contained are true" to the best of 

· '. mykriowledge aild beli~i . . · . . . · . FIBREBOARD· PAPp. !R0DUCTS: CORP. 

.... >. .- ·. ·· .. · ... fl.... .:··. . • . ·. ·, . . ., ...... : .. ~---~.--~ .. ··. ·.-~ .... ·--····-····--·····--·.t .. :.1!;,1.~.;:t . 
. ·. . . .· ,;., . · : . .: . ~-of~ti.· · ?a.na.ger . 

' ,· 

. <:!· . • • :.- • • . · ·,. • • .'·b· ... · ·. • vf c1a· · · ·. Jn tv'r/,J_ . . ·s 7. . 
' .. ',,,.µbscnb_ed and ~ ti ef:; 1:1;, this ···-:·-r...... y of -:rr----··-----:7·-,-··-··--·---·'···19......... . . • . 
M.y:commission expires . .J.. 3 k7.1} .I .... ---· · .......... 

17
~· 4iv:0 ... ..l::. .. C/Md?-Z.,y ______ : ............ '... " 
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~£G1STRAT10N 

1, 0:\l~trcdlon. $1aJelilent . · CEBTlFICATE · r,;o .... ti( •.. ,.379_ 
... 

· of ·· , .. County of· LMul tno~ ... · ··· . . , 
:'.~ _·',,:" • •: • f , ,- , . ,' : , . ' , , ~- • • , :::-.~:.· .. , •' , _ ·• - : HH••~~--•••_;,•nm•m-•••~um~--~~•~hu~-. .. -~~h'7"~~,...~--••-;•--:. t, .. 
1
ttf. · state[o!...:.~g<;ln ·> · : 4 do·~by ~e ap~4t1cn tor .·.certificate .at registration ~ evidence 

~ ;,,· ofa ~~ttq~ppnwm~~undwaU!i;:.: . . . ·\ . '. .. . ' ' .·. ' . . ' . 
;;, '/· .····1·•1, .--~_tiom. ~hi~~~-ti*1thc1rawn.Js __ ~n.:·~~~-.;u:-~~~~~-~)·-··~; .. : ......... . 
~I'.{~_·, . ,. I;. Loeati-'is• - . ...:-9:JS_~N.~W. Front St. • ..t_.~ortlan<U Orei9jl .. : ................ _ .. ___ .. ; 

.•

• .• r··. - •• ·••••• ••• , • : •.. • •• . • l ; , , ~-~~e!.lt11u, ...... .....-c117orlown) · , · 

.. _ . and,moie.partidilarlyF~~.~fo~ows:. ,,~ .. , ·. · ·: · ~,·, ·. · · ·. · 
, . .· ··.· · · · · :. <~i : . ,.l?.: .. _?.i2:~.JJU~E3.6~' ~~l:Q.m .. w..::?t-9.9..i:.!.:.'.§~~.; ..•. i B-:.?::u~::.tlJ1lLJl,. 11~~---·-·-~'.-.: .... ,.: .. ~ .. 

t_· .. I. . .being\ -~ mf1:~f the·· sw 1~~.--~_,..rr~~-... ;~ . R . ~. . . 
, ~- , \Wl ~--· ...4.;:,,~i;p1 ~on) :, - . -· ·. . . . . :····........... . ' . '. -·,··'iN.:;. ,;:,-··-, E!e· - (E.uc .;r:;·-·--
l \ · · · · .•·· •· : ·· ' · · .' · :_ · · . · · .·· · . ; Portland · . · . · '. · ,t , or , · (b) within limits of ~84 plat~ property, tovm or city ....... , ........ _ ......................................... , ..... - ......... .. 

:1 .. :i~od·--· .. ;B~~ ·--~; ~: oL- 1

! ... m .............. · _:_ '_: ._ ·. ·. · · · ... · ____ ·-····· .... ... : .. ee_ .... .. 
,j ,. " -- · · .i •• . . ··· (Namtotplatoraddltto:»' . . 

T ... ·.· .. ..\Portland .. < -- .• .~unty ~f .... , .... Multnollla:h_ · ....... --· . .··. ·i '(If W1di.m dt:7.or1.oWD,, ~Clff a.a.me): . . ·. . . - · · , .'. . : - :"-· ..._ . ',· \ 

l --,-·· · s.\eo~tmctlon work was be~ oii .J ... 12.Y:$.: ......... ~: . .:.. __ ~-~--, ~as domp1eied on · .. :.12115.., .......... ::. ... : ........ _. .: 
I' . . I . . . . l.. ·0::,.te) . {Dltle) • "'. 

d : ' :1nd the ~ound wati:r cl~i~ed ~as first used ~or the pilrposes ~t S>Ut b.elow on .. :. ... ,. ..... , .... J9.1"'5..: ........... ,., ....... '. ... , · 
·- ,-·.\ •• - •• ,- •• '-: ·" .. _ '.·,~: • ' .·_ '. •• > • • (Ila~) ··,· ' 

·· · sirice which time the' ~ater has been used .. : . .;. .... : .. ,£Q!'!ttm,;.9_1,;;;;J,;r, ...... ~.,:~.,...,;~---: ..... -.: __ :: ........................... r£':!'.: .. 
• • • , , 1 ,: ~ ~ •• • - ~ ·,. • , (Ccntmucust,, • IntennlUently) ~ · ' 

from · ..... A9.t1..5.~;i':·~~: :o --~---_.---1-.9~!/~L: ... '.., .. · .. . . . . . .. . . . . . · . 
• · : 4. · Q~antity or water clahrted and~~ ;. ......... \?.O ........ , .. , .... ,.:.. ... galloiis per minute; .. : .......... : ..... :: ... : .... acr~ 

feet per yea.'r.. . · . · ·· :, , ·' · · · ' . ·· · · · · 
. ' . ' ' \ . . '. . . . . ·- .... , . . ' '·/ ; . . ' . . ~ , 

.. :· . 5. Purpose or.Purposes for which water'is used ·., ............ .9.29.J.J.PJiL.?.+1.!J ... P..<J,P.~.r ... .m.1*.:tru;. ... ::: ....... :~.,.. .. 

-& ............. · .... \ ..... '·. ·~- .. : .• ... ' .. : _____ Manu:fa6t~;lng____ · ........ : .. ... ., .... · .... ·.. ·-:, .. :: .......... ·· ..... ·· ................ .. 
. · \: . -- . ; - . -~ ~PomelU_C. lmo:U~ m_~i~:.,ai, manut~~U;-"'in;, !,ndmtrlal, e:tc.) . · .. 

· '· · . . 21·0 · .. ' . ·."'--- D ·1.11 d -' · ., . , .6. .D~pt1Qn of Well: Deptb ...... i,t.: .............. feet.' ... 1 J:= ......... r. e. . .................... : ..................... ,.: .............. : .. .. 
• ""' , .'" . ·• l, , :_. · • ,· .1 . , /. · . ('Ouriordrlllcd) ,;, . 

diarnetEµ" ·.' ·· inches:· Ele~ation pf gro~nd
1

at w.ell site: ... ~:. .......... :.~ ............. /:;:: ..... .'., .. feet,.mean sea le~cl. 
: · · · - - · , ~ , _....., .!As .. flear uXnO'ml) · '\ ~ 

Depthtpwatert:ible .......... ,, ......... _ .. '• feet. ' . . ;. ~ •1-

,\ , , . . 

7. ·c~pacity of Well: .,:., .... 2P.-... , ... ,.p:m. with .... ~ ..... ?. ... , ..... ~ f~tcirawdqwn .. · 
... ~ . ~ . ' . ... . . 

......... ,. ... , ........... g.p.m. 'l'i.th .. ,:,.,"-,··--·--·· .. '.:: feet drawqo~ . 
;.: 

· Date ofJes; '. ..... i.J.a.D.1J..sl..1..'Y, .. l5.~ .... l95.4. .. 
. ,ii 

.. . If FJowin:.Wcll: ~e¥ured discfoirg~ .. T'::.::.:-: ..... , ..... g,p.m. on ... :.: .. ,. ·: .......... : ... iii,;i;).. .. .. : j i .. · · 

.Sf:fut-in pressure at grO!llld surface ,;..c •• :~ .... -~ .. -:: ........ : .. , ••• : .... )bs. pei sq. in. on ... ~ .. :: ........... ., ....... \.1
1 
.. ; ........ : .. .. 

• . _: , . . •. : ' . • ... , . . ' . '. • • ' (Dat-ea} -,_ ~\ \' \ . : 

n Water is c;n:~lledl:)r .. ······':·:·.7=:· .. :~-----··»••::.-::; .. ~~-.---······»:: .. i<i;:·;;;i;;fi;;;:;··--·>----··--·:--, ........... ,;,:·····. i-
1 

'-'. r,~ .... (l79 0,, 
·~_.· .. ·.· .. · ... · .··_.··._··.·. i., 
. . . _\ r 

' I 



t' ( 

.·_-........... ·._.:· .. '.None ........ :··· .. ::.-:· ....... , ...... ' .. ·-··· .......... h .......... : .. .... ... :· ... ·(ro~ ......... · ..... .'- ... to ...... .' ............ · 
' {N'Ufflbtt' P9" .. '~ an~ IU:llt.vtporftmlU,~. 11:r.~bl! t't!'Mnr · 

to ................. : ..... · 

........................ to .. ·· ...... · .. · ...... . 
. .. 

10 •. :Log of Well: (Describe each stratum or .formation clearly, indicate if water bearing, and give thlck~ 
ness andilepth as ind.icated) . • · · 1 

• • •• 

..... 
. . :' ' ' ' 

.UATICl!IAL 

201 601 

Cla Silt ll) 

Hs.rd Rock 
; 

-qo1 16 I 

Sort ·Ro.ck. "'·. 26 1 191 1 

·2001 391'. 

· Hard Rock 21 1 12' 

Soft Rock . 9' 11. 

~ 

.. 

. . . . ' 

.. ''." •,, .,.-~~-- ~-- _ • ., 's - ' ..... -,., 



:~-·. ,•,, ;.,. -~.-..:....:··,' ... ·- -··,: •• /. -.. · .,_..,._. ·..,.. · ,· • .,;:_···~·•·-d-•~._.,..,,.,,. .. -' .•••.• _~•••o"o-·--· 
,:}, . .. ' :.· •;' . . ' ~ . .. . . .. 

.,. 

. • ':·)·\,,,U>g:ofWJU1el:: .· . . . table',,for ~--__ :ma_y be _used_ . , if de~ G1_·ve_footage from_portal 
··.· . d~:ofmaterials.'a .·.· ·' en . ~.·\_-~\- c·,:· \.: .,.-..•• i.,.- .•. _. pertm .•. _··. 

, ·. :· .. 13. Pmnpmt!':q:idpnteilt:, 

.. . . (~> ~P •.. .i...J.s.~:U~~1t=.o.o .• ..:~ . .":.::,. , ' . -----· c~p2c1t/ ....... ;../---·····--· g.p:m. 
'.' . . '. . ' . .. . . . . . . . tlfaloo.tn---) 

(b) 1,4otori : ··. · ·. ·\:'er!;J.S:f.J. ·. ,:i.5. -~f. ... @.Q .. V:.i-.3.-P.~.%lJL _____ :,:: :~:'~·-·"····-~-'-···-~ .. ,.L., .... . :;... · . .....: · . . . 
• i ., ,, .·: ,• .. >\ \ .' '. ~-:-~l . ·. ' ,'' ·. . ' ' 

.:,-;. ,._ .• : '. ' • .· .. --.:,_ _··_ .. · .'1(' -'. .-" • . ·'' .. '· .. ,'. • . .. .. · ,_ ' . · .. ' •' .. . • . ' • 
. 14; Location _ot area migated'or to be irriga~ or place of w;e ¥ for purposes oth_er t~ irrigation. 

., . . . A1-; .. "' - . .· I --· ~- .. l:.oriw.at ·-·-· __ ... ·.·. --·. -· 'r· 

·.·iv·· '-/8' .. 
· .. · 

•, -
• .. :) .· 

.. ·· 

I ,, . 
D 

i', I-· ·. 

I ' .· ' 

· .. 
. I ·., ·. I 

.l 
·' 

.'. 
. ' 

' .. -- ·. I 
I 

--~ 
·. 

.· I ·. 

·\ / 
.. . 

· 15.' If the grc:mnd w'ater supply is supplemental to ·at;1 e,asting W1!ter supply, !dentj.ffoation Of any appli- : . / 
cation for a permit, permit, certificate or adjudicated right to appropriate ,va:termacle or'hel<t by the,registrant. - · 

. . . . . . . -~, . . . , • , . ( - '.V . I 

'•, 

• • • • •• • J. 

S•o•_W_•_,,_.._,_..._._ .• _,.-,-, .. ~,--so•_,· _ _- >• ' ' ---~· .. '• ,,_."·,,,_,_ 

. . '. .. 
., ... ..,, . ._ .. _ _,__,_,_ ... -.-.~·-··-----~·- .~- .. ~--,._, .. , ... _~_ ........ ,.,.._,,~ 



· .. · . f l :. I ·. 
-----t-. ·----r ----t .. ---

·. . . . i '. ·: •. l ' . ! ·. 
I . ·1 · . l . i1 ..,_-.-t"'--.-:-.. +-_ .... _ .. .;.-_,.._,.. .. ,..!I _-:~-.-.. -.~.t"t--'.--r.1- -:-: 

. ! . . ~-. ', 
•',' 1" • . '.' 

~te\vell and acreage of irrigated lahd on plat. . 
· Scale: 2" _; I.Mile 

.... ·.~; : : · . .., .. 

::: :F .. ~:;/~t ··-··-···-········ ... J~- . , . . ·. ,,.· ·~ 
I, __ ._U)~.~---··-·······• being firs~ dul; sworn, do hereby. certify that I h~~: ,., 

read the foregoing Registration Statement and. that all of the items therein contained are true to the best of. ·· 

my ~o~ledge and bell~. . , · : ......... w::=::i::~:~:::
1
:::~;1a~~eer 

• -Cf~I), irk. J . , ··1 :, .. 
. Subscribed and sworn to before me this ............. :- day o--Jf - .,.-.:lr.J.4,:!C'':....,.-,,,.-......... - ......... ., 19 .. -?.. .. .. 

~y C. o~on exph:es __ _3 /), z/rJ. ...... J --· ··-·-.. :4br'k.·I &/Utt/,'.>' ..................................... _. 
, : .. . ~ .' {} l I z , ( ;' , (N0W,:'Pl.1bl1(:) , 

'(SE¥) / ·. 

'· . . ,, . 
\ ' ~ . CERTIFICATE OF ·REGISTRATION. .. 

' ":; .· 
STA~.CiF .OREGON 

.CoUll~ of.Marlon . ~-
:lThis is .'to certify that the.foregoing Registratio/Siatement. was' received fu the office of the State · 

·.. .1.·:--, ·. ·. . . . . ·/ . . . ' .. ·. ·. I .. ' < '· ·. ·. · ... · '. ·.. . . . .. ·. . 
. En:giiie'er .on the ::.ll.t!1. ... day of _,i ... ¥.ar.c~---··,···: ..... :_ .. ; 1p .... S7; at_ ....... a.ioo;~,, .. o'clock ... A .... :.M. and-has been 

•· '. , • .• ' . .· I. •. , ·-,, : • ' . 

. duly recorded in .said office in Boo{ No ... , .. , .. ,.) .. ~.~ ..... : of 11Registratio~ sta,emen~'Jn i:,a~e _;_:Gfk-3.7.9.J!'. 

' ; !1. ~~~~~~~i-,l-.x-.x~H:'"".x.-.;c~~~~~-0-· 

~x~~-x~ \ . ·, •. , ,; 

'~ Witn= my.hand .... , _j,.ti,._ ""' of • .--,··-~J!<!:\.·-:iJjJ;,-S1
4
. ~ . . , .· 

' . • . ~,t-·'. .0 • ,j•\·'.;;;,cc i<: : IT l 

:, 

.' \ ~ ·-·- ·t!\,t.if •. Q' 

J

I . ' \ . . . c~~> • . . r,;· ,,,.......- 3.,-;9· . tb! 

•

1i; .:;··.-y_;,,. __ , .· .... ··.·. ···.·.· .. ··.· ..... --<·.~.· .... ·rl,.··.~ .,. ·.:~<. /: .. \( ... i 



View Water Rights in same Family

Help understanding and working with the Water Rights Information System

Report Errors with Water Right Data

Return to WRIS Query

Water Right Information Query Results
Contact Information Documents   View all scanned documents

Current contact information

FIBREBOARD PAPER PRODUCTS CORP.
PORTLAND, OR 97208

Claim: GR 393 document , paper map

View right with Web Mapping

View Places of Use from Water Rights in the Same Area

Water Right Information
Status: Non-Cancelled

County: Multnomah

File Folder Location: Salem

Watermaster District: 20

Point(s) of Diversion
POD 1 - WELL 1 > WILLAMETTE RIVER

POD 2 - WELL 2 > WILLAMETTE RIVER

Place(s) of Use    Add TRS grouping

Use - INDUSTRIAL/MANUFACTURING USES (Primary); Priority Date: 12/31/1945

Water Right Genealogy
No genealogy records available for this water right, try the family link below instead.

Page 1 of 1Claim:GR 393 *

5/3/2010http://apps2.wrd.state.or.us/apps/wr/wrinfo/wr_details.aspx?snp_id=25315



NOTICE TO WATER }YELL C01'ITRACTO 
The original and first copy 

of this report are to b_e 
filed with the 

STATE ENGINEER, SALEM, OREGON 
within 30 days from the date 

of well completion. 

(Please type or print$TATE ENGINEER 
(Do not write above this MLEM. OREGON 

State Well No. L~ . .(1w..~1~ ............... . 
State Permit No. ·······················•·M•·······-··········· . · 

(1) OWNER: . · 
. ~- id A. I I . Name U 

(2) TYPE OF WORK (cb.eck): 
New Well CX: Deepening D Reconditioning D · Abandon [l!l 

If abandonment, describe materialiand procedure in Item 12. 

(3) TYPE OF WELL: (t} P.ROPOSED USE (check): 
Rotary f;3: Driven D .-r 

D 
D mestic D Industrial. 1:r Municipal D Cable Jetted D 

Dug D l:lored D I igation D Test Well O Other 0 

CASING INSTALLE Threaded O Welded D 

•

............... !' Diam. from ··~·-········-·-····, ft. to ........................ .ft. Gage ··············-····--

················" Diam. from ... X............... ft. to ·············-·····- it. Gage ·········---········ 

.................. " Diam. from ..... JC......... ft. to ············-········- ft. Gage ····-·················· 

-- PERFORATIONS: Perforated? 0 Yes D No. 
ype of perforator used X 
ize of perforations X in., by in. 

----·------· :=::: ~~- ------=· : ___ ------'-: 
(7) SCREENS: Well screen installed? D Yes iii No 

Manufacturer's Name 

Type ·······················-·-·--··-···--·-·-·-·-······--- Model No. ···············-·····-···-·······. 

Diam. ···········-··· Slot size ·········--·· Set from ······················- ft. to ·········-···········- ft. 

Diam. ·············-· Slot size ······--·-·· Set from ······················- ft. to .;···········-···-· ft. 

(8) WELL TESTS: Drawdown is amourtt water level is 
lowered below static level 

Was a pump test made? O Yes fl No If yes, by whom? 

gal./min. wi1:h ft. {ll:awdown after . ···-·· hrs. 

" " 

•

fl " 

-a-il-er-te_s_t ______ ga_l_./_mm_· -.-_.wi-·th----ft-.-d-.r-a-w~d~p-wn--aft-e_r ___ h_rs-. 

---------~~-~--~~---'---'--------
.. m. 

perature of water Depth artesian flow encountered ··-······-·-·-·· ft. 

9) CONSTRUCTION: 

Well seal-Material used ··························-· Bentonite ······-·-···--·-···---. 
Well sealed from land surface to --·········-·---······.$.0 ............ ___ ....................... ft. 

Diameter of well bore to bottom of seal .......... J2:=l/LL. in. 

Diameter of well bore below seal ......... 6............ in. · 

Number of sacks of cement used in well seal ··················-·-···-····-··--- sacks 
Number of sacks of bentonite used in well seal sacks 

Brand name of bentonite ...... - .. Inter.mticnal ... Q.el ............................... . 
Number of pounds of bentonite per 100 gallons 

of water ························--··--·········-·-····--·50 ... _ .................. -········-··- lbs./100 gals. 
Was a drive shoe used? D Yes XI No Plugs ...........• Size: location ............ ft. 

Did any strata contain unusable water? O Yes ~ No 

Type of water? depth of strata 

Method of sealing strata off 

Was well gravel packed? D Yes Q!:No Size of gravel:. ·········~··········· 

Gravel placed from ·-··-·············--·-·~ :ft. to ···························- ft. 

(10) LOCATION OF WELL: 
County Multnomah. Ddlle;'s well number 

~(. Section 13 T. 1 N R. 1 w •. W.:i'!J. 

Bearing and distance from section or subdivision corner · 

(11) WATER LEVEL: Completed well. 
Depth at wruch water was firs.t found 

Static level ft. below land surface. Dat~ . 

Artesian pressure lbs. per square inch. Date 

(12) WELL LOG: Diameter of well below casing ...... - ..... 6..~~·---
Depth drilled :L 102. ft. Depth of completed well O.. ft. 

Formation: Describe color, texture, grain size and structure of materials; 
and show thickness and nature of each stratum and aquifer penetrated, 
with at least one entry for each change of formation. Report each change in 
position of Static Water Levet and indicate principai water-bearing strata. 

MATERIAL_ From To 

Work started 7/9/73 19 Completed . 8/9/73 
8/9/73 Date well drilling machine moved off of well 

Drilling Machine Operator's Certification: 

SWL 

19 

19 

This well was constructed under my direct superv1s1on. 
Materials used and information rep7rted above are true to my 
best rz;wl~~andilief. ~ 
[Si~ · ·-~ .... 

1

.~c. •• -.:: •• ~1!ate .... ~f~?.L.!.'!>19 ...... . 71 (Drill Machine Operator) fU• 
Drilling Machine Operator's License No: .......... J;J.5. ....................... . 

Water Well Contractor's Certification: 

This well was drilled under my jurisdiction and this report is 
true to the best of my knowledge and belief. 

Name· .. A~ .. M •... Jannsen Drilling .. Co •..................................... 
(Person, firm or corporation) (Type or print) 

;;:~TJ;_;/~;:~·--~~~~Ore. 
(Wate~~~ 

, · 79 8/15/73 Contractor s License No ................. Date .................................... , 19...... . 

(USE ADDITIONAL SHEETS IF NECESSARY) 



NOTICE TO WATER WELL CONTRACTOR 
The original a!ld fil'st copy 

of this report are to be 
filed with the 

~L DECEiV 
TER WELL REPoft\. \ 
TATE OF OREGON AUG2 21973 State Well No. J.~ .. .. \ .. ~1.:1~ ........... . 

STATE ENGINEER, SALEM, OREGON 
within 30 days from the date 

of well completion. 
(Pleasetype-&:r•print) STATE ENGlNEE~ate Permit No:·························-·············-·-···:: 

0 not write above this lineSALEM, OREGON 

(1) OWNER: 
Name L:i..gµ.id Air-, Inc. 
Address 3200 N. w. Yeon 

~am. Oregon 272]0 
(2) TYPE OF WORK ( check): 
New Well_~ Deepening 0 Reconditioning O Abandon O 
If abandonment, describe material and procedure in Item 12. 

(3) TYPE OF WELL: I (4) PROPOSED USE (check): 
Rotary ;m Driven D Domestic D Industrial lKl Municipal 0 
Cable D Jetted D 
Dug,--~~D;..__B_o_r_e_d_;;;0;;;;.....~.....1.-I_r_ri_g_att_·o_n~-D~T-e_s_t_W_e_ll~D~-O-th_e_r~~~D 

CASING INSTALLED: Threaded o 

• 
8 ... ~ ...... .'1 Diam. from ....... Q ............. ft. to ....... ~.3. ........... ft. 

Welded tilt 
Gage .....•. 2.S.Q ..... . 

.............. !' Diam. from ........................ ft. to : ................... _ ft. Gage ................. - .... . 

.................. '.' Diam. from ·····-·"··········--ft. to ........................ ft. Gage ....................... . 

-PERFORATIONS: are of perforator used 

ize of perforations 

·) 
Per;forated? O Yes QI: No. 

in. by in. 

.................. - ........... perforations from ................................ Jt. to ................................ ft . 

................................ perforations from ................................ ft to ····-················---···· ft. 

................................ perforations from ................................ ft. to ................................ ft. 

(7) SCREENS: Well screen installed? D Yes l'.l!i'. No 

Manufacturer's Name 

Type ................................................................................ Model No. -··················-·-··············· 

Diam ................. Slot size ................. Set from ........................ ft. to ......................... ft. 

Diam ................. Slot size ................ Set from ........................ ft. to ........................ ft. 

(8) WELL TESTS: Drawdown is amount water level is 
lowered below static level 

Y d: 222 gal./mm. with 2 2 ft. drawdown after l 
222 182 I/ l 

1 
1 

200 J.32 
1?5 82 

If 

gal./min. with ft. drawdown after 

Artesian flow g.p.m. 

hrs. 

,, 

hrq. 

iperature of water Depth artesian flow encountered .................... ft. .9) CONSTRUCTION: 

Well seal-Material used ....................... Cement······················----·---··--··- .. .. 
Well sealed from land surface to ................ 8"2 ........ - ....................... , .... ~ ................ 'ft. 

Diameter of well bore to bottom of seal ...... l~l/4..... in. 

Diameter of well bore below seal ........ 6.............. in. 

Number of sacks of cement used in well seal .............. _),,Q ..................... - sacks 

Number of sacks of bentonite used in well seal ................. 0.-···········--···- sacks 

Brand name of bentonite ..................................... - .......................... - ..................... - ....... .. 

Number ol pounds of bentonite per 100 gallons 

of water ................................................ ---·--··· .. -·-·-·--··-·--·······--· lbs./100 gals. 

Was a drive shoe used? D Yes [J::'No Plugs ............ Size: location ............ ft. 

Did any strata contain unusable water? D Yes [ll[ No 

Type of water? depth of strata 

Method of sealing strata off 

Was well gravel packed? O Yes 00: No Size of gravel: ............................... . 

Gravel placed from ·-·-·······-·············-· ft. to ................................ ft. 

(10) LOCATION OF WELL: 
County Mu1 tnomah Driller's wen number 

%, Section 13 T. 1 N R. 1 W. _W.M. 

Bearing and distance from section or subdivision. corner 

(11) WATER LEVEL: Completed well. 
Depth at which water was first found 200 . ft. 

Static level 18 ft. below land surface. Date 8/15/73 .. 
Artesian pressure lbs. per square inch. Date . 

(12) WELL LOG: Diameter of well below casing .. 8.!L ................. . 
Depth drilled 302 ft. Depth of completed well 302 ft. 

Formation: Describe color, texture, grain size and structure of materials;· 
and show thickness and nature of each stratum and aquifer penetrated, 
with at least one entry for each change of formation. Report each change in 
position of Static Water Level and indil;ate principal water-bearing strata. 

MATERIAL From To SWL 

rock & dirt 

ravel 

Work started 8/9/73 19 Completed 8/15/73 19 

Date well drilling machine moved off of well 8 /15 /7 3 19 

Drilling Machine Operator's Certification: 
This well was constructed under my direct supervision. 

Materials used and information reported, above are true to my 
best knowle~e iihd,pe~i . I,~ . 1 . f.' I . ' . -vr,.;.tfi 8/ t'/ [Signed]/· .. :i.....~ .................................... Da ... .1.,) .:JJ 19 ..... .. 

•. (Drilling Machine Operator) 

Drilling Machine Operator's License No. . ................. 235 ................. . 

Water Well Contractor's Certification: 

This well was drilled under my jurisdiction and this report is 
true to the best of my knowledge and belief. 

Name ... A •.. M •... Jannsen .. DriJ,ling .. Co ................................... . 
(Person, firm or corporation) (Type or print) 

'ddress -~~?.,~~-·~;in ....... lsi.Y. .. Hw.Y.., ... Al!:il:w.:,,.Ore. 

[~igned] ~~f/.t.f.: .. ft::J.~ ................ . 
: (Water W Contractor) 

Contractor's License No ...... .'1.2 ...... Date .......... 8/.lS/.73 ........ , 19 ..... . 

('USE ADDI'r.IONAL SHEETS lF NECESSARY) 



NOTICE TO WATER WELL CONTRACTOR 
The original and'IJ:irst copy 

of this report are to be 
filed with the State Well No . .... 1bJ/lW.-:::l3.J.l ................ . 

STATE ENGINEER, SALEM, OREGON 97310 
within 30 days from the date 

STATE OF OREGON 
(Please type or print) 

State Permit No ................................... ·-··'-~-···"" of well completion. 

(1) OWNER: 
Name Penn Sa.lt Company: 
Address 

(2) LOCATION OF WELL: 

County Mu] tnoma.h Driller's well number 

NE % SE ¥4 Section • 13 T. 1N R. lW W.M. 

Eearing and distance from section or subdivision corner 

a 
.(3) TYPE OF WORK (check): 

....a!lw Well D Deepening D Reconditioning D 
~abandonment, describe material and procedure in Item 12 • 

Abandon D 

• 4) PROPOSED USE (check): (5) TYPE OF WELL: 
Rotary 
Cable 
Dug 

Driven 0 
Jetted O 
Bored 0 

... 

Domestic D Industrial D Municipal O 
Irrigation O Test Well D Other D 

D 
0 
D 

(6) CASING INSTALLED: Threaded o Welded o 
......... 6 ........ " Diam. from .............. 0 ...... ft. to ........... 9.4 ....... ft. Gage ....................... . 

.................... " Diam. from ........... _______ ft. to ........................ ft. Gage ·-··-·-........... . 

................. _" c.Diam. from ----···-------·· :rt. to ......... - ............ ft. Gage .............. _ ... _ 

(7) PERFORATIONS: Perforated? D Yes D No 

Type of perforator used 

Size of perforations in. by in . 

................................ perforations from ............................. _ ft. to ....................... - ...... ft. 

................................. perforations from ............................ _. ft. to ..................... _ ........ ft. 

................................ perforations from ........................ , ..... ft. to ................................ ft. 

·-....................... perforations from ............................. _ ft. to ................................ ft. 

-~~-~---;~;;~;;r:forations :: ~~~:~:--=~~~~~::?ft~t:::-~--;~·-"-.... ft. 

Manufacturer's Name ........................ _ ............... _ ........ --·--·-···---····-----·--·--·--·----·-· 

~: =:~=--= ::: : ~== ::: ::: ::~7:~·: : :=--=-==; 
(9) CONSTRUCTION: 

Well seal-Material used in seal ................. _ .... _ .................. ,---··-··--''·--··"·;:. ........... . 

Depth of seal ............................. - ...... ~. Was a packer used? ........................ -----

Diameter of well bore to bottom of seal ................ - ............. in. 

Were any loose strata cemented off? O Yes O No Depth ............ ·-···----···-

Was a drive shoe used? O Yes [] No 

Was well gravel packed? O Yes. D No Size of gravel: ........... - ....... - ....... .. 

Did any strata contain unusable water? D Yes [j~N_o~·-~------

Type of water? depth of str:ita .. 

Method of sealing strat.i Qff. 

(10) WATER LEVELS: 

Static lev_el ___ 3~. =5 _____ f __ t._b_e_lo_w_land surf_a_ce=· ._D_a_te·---'~--

(11) WELL TESTS: Drawdown is amount water level is 
lowered below static level 

Was a pump test made? O Yes D No If yes, by whom? _ 

Yield; ,'.30 gal./mln. with 65 ft. drawdown after hrs. 

Bailer test 

Artesian flow 

Temperature of water 

gal./min. with ft. drawdown after. 

g.p.m. Date. 

Was a che:triical anal~sis piacj.e? D Yes D~No 

(12) WELL LOG: Diameter of well below casing .................. _.::_ .. __ _ 

Depth drjlled 

Formation: Describe 
show thickness of 
stratum penetrate 

Work started 

ft. Depth of completed well 420 ft. 

co!or, character, size of material and structure, and 
ers and the kind and nature of the material in each 

t least one entry for each change of Jor_matioJt. . . 
~ - ·•. -- . . - . ·"""''~ --· ~---:;r: _ _:_ 

~~TERIAL . I FROM I TO ... 

420 

! 

i 

19 Completed April 1949 
Date well drilling machine~moved off of well . 19 

(13) PUMP: 

Manufacturer's Name 

Type· ....................... ·---··-···---·--···-·--·-·--·'...: ............................ H.P .............. _ ........ - ... 

Water Well Contractor's Certification: 

This well was drilled under my jurisdiction and this report is 
true to the best of my knowledge and belief. 

NAME ........•...... ...A. •.. M ..... J.anns.en ....................................................... . 
(Person, firm or corporation) (Type or print) 

Address ......................................................................................................... . 

Drilling Machine Operator's License No .............................................. . 

[Signed] ................................... - ....................................................... -.......... . 
(Water Well Contractor) 

i 

\ 

Artesian pre_ss_u_re _______ I_b_s_. ~p_er_sq=u_a_r_e_ln_ch __ D_a_te~--"°=~-~--- Contractor's License No. --·······-···-- Date .................................... , 19:.: ..... --
(USE ADDITIONAL SHEETS IF NECESSARY} 



NOTICE TO WATER WELL CONTRACTO 
The original and first copy 

of this report are to be 
filed with the 

STATE ENGINEER, SALEM, OREGON 9731 
within 30 days from the date 

of well completion. 

ER WEI.:i&.REPORT 
STATE OF OREGON 

{Please type or print) 
State Permit No .................................................... . 

(1) OWNER: 
Penn Salt Company 

(2) LOCATION OF WELL: 

County Multnomah Driller's well number 

NE 
Bearing and distanc~ from section or subdivision corner 

-L----------=====~=== (3) TYPE OF WORK (check): 
ilJli' Well D Deepening D Reconditioning D 

•

~bandonment, describe material and procedure in Item 12. 

!4) PROPOSED USE (check): (5) TYPE OF WELL: 
Domestic O Industrial D Municipal O Rotary D Driven tJ 
Irrigation D Test Well O · Other o Cable D

0 
Jetted D 

Dug Bored D 

(6) CASING INSTALLED: Threaded o welded o 
.... _.}:9. .... ". Diam. from ........... Q .......... ft. to ........... J.QQ ... ft. Gage ....................... . 

.................... " Diam. from ........................ ft. to .............. - ....... ft. Gage .......... _ .... _ .. 

................... .'' Diam. from ........................ ft. to ................. : ...... ft. Gage ·······--··-···-·· 

(7) PERFORATIONS: 

Type of perforator used 

Size of perforations 

Perforated? D Yes D No 

in. by in. 

···············-··-········· perforations from ....................... - ....... ft. to ·············-·····-····-·· .ft . 
................................ perforations from .................... - .. - ..... _ft. to ..................... - ....... ft. 

~ .......... -........ :::::::::: :::: ....................... ·-····· ::. :: ........................ _ ..... : 
........................ - ..... perforations from ................................ ft. to ......................... - .. " ft .. 

(8) SCREENS: Well screen installed? D Yes D No 

Manufacturer's Name ......... - ..................... - .... -............ ........................... -··-···-····-

el!!:.· ................ Slot size ................ Set from ..... ::~:~ .. :~ ft. to ···········-·······-· ft. 

Diam ................. Slot size ....... _ .. _ Set from .............. -·-· ft. to ·-······--··- ft. 

(9) CONSTRUCTION: 

Well seal-Material used in seal ······--· .. ·-··-·-··-····-................................................... . 

Depth of seal ........................... - ........... ft. Was a packer used? .............. _ ................ . 

Diameter of well bore to bottom of seal ................................ in. 

Were any loose strata cemented off? O Yes D No Depth ·······-···-····-.. ··
Was a drive shoe used? D Yes D No 

Was well gravel packed? O Yes D No Size of gravel: .................................. . 

Gravel placed from ................. - .......... , ft. to .......... ., .. ·-·-········· ft. 

Did any strata contain unusable water? D Yes D No 

Type of water? depth of strata 

Method of sealing strata off 

(10) WATER LEVELS: 

Static level 58 ft. below land surface DateSept. 195 

(11) WELL TESTS: Drawdown ls amount water level is 
lowered below static level 

Was a pump test made? O Yes O No If yes, by whom? 

Yield: 120 gal./mln. with llO ft. drawdown afte; 

Baller test gal./min. with . ft. drawdown after 

Artesian flow g.p.m. Date 

hrs. 

hrs. 

Temperature of water Was a chemical analysis made? D Yes D No 

(12) WELL LOG: Diameter of well below casing ............ 8 ............... . 

TO 

1101 

Data. from USGS 

Work started 19 Completed September 1953 
Date well drilling machine mov:ed off of well 19 

(13) PUMP: 

Manufacturer's Name 

Type• ............ - .............................. -._ ............................................. HP ........................ ·:···· .. 

Water Well Contractor's Certification: 

This well was drilled under my jurisdiction and this report is 
true to the best of my knowledge and belief. 

NAME ........ · ..... A .•. K •. ,JpD.nsen ......................................................... . 
(Person, fl:rm or corporation) (Type or print) 

Address ......................................................................................................... . 

Drilling Machine Operator's License No, ............................................. . 

[Signed] ................................... - .................................................................. . 
(Water Well Contractor) 

Artesian pressure lbs. per square inch Date Contractor's License No ................. Date ·-·····----···-·"·-··"-,tll ....... . 
{USE ADDITIONAL SHEETS IF NECESSARY) 
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STATE ENGINEER 
Salem, Oregon 

Well Record 

MAILING 

STATE WELL NO .. .JJ:f/l..-::J..8:M.Ll) 
COUNTY . ···-·-- Mu.l tnomah 
APPLICATION NO. g.:l1::.3.9-3 ........... . 

~~.'!:I:. 'Rp.ar .. .?.r.ndua:t.s .. .C.o ........ ADDRESS: ········----------------···----·----·------
CITY AND 

LOCATION OF WELL: Owner's No ............ -1.. __________ STATE: ........... .Fo.r:tlan.d., ... Ox:e"-on.······--·--------·-·· 

-----~--%. ··---~--lA. Sec ...... UL T ...... .! .... l.; R. .... 1 ...... i., W.M. 

Bearing and distance from section or subdivision 

corner _._s •. 10° _ 00' E. 493-• ___ froJ!LW}l. ooll', .. SJlQ,. .. 16 .... 

---------------------·---· 

Altitude at well _______ .3_g~-----

TYPE OF WELL: ... J~:rill.e.d. Date Constructed ...... ?. ........... . 

Depth drilled ------~-~5 ............ _____ Depth cased ........ 90 .... ------·--

CASING RECORD: 

8 inch 

AQUIFERS: 

WATER LEVEL: 

? 

I 
I 

I 
I I ' ' ' I 

_____ L__ __ I ---+----I I I 
I I . 

I ,· 
I I 

0 i I I ' M(l) ! I 
I I I ... ------!-- ----- ___ i_ ____ 

I I 
I· I 
I I 

I I 
I 

' ' 
Section ......... 18 ......... . 

PUMPING EQUIPMENT· Type ·····---~-PamQna. _______________________________________________ H.P ...... 10 ............. . 
Capacity --------------- G.P.M. 

Drawdown --······-----······· ft. after ···················---- hours ···-----------------··------------- G.P.M. 

Drawdown ··········-·------- ft. after ···--------- hours ····---······------------ __ G.P.M. 

I 

USE OF WATER .. QQ.o.U~g __ Md...Jmll~~--P.!.~.:n&'.-.... Temp. _____ .,°F. ----·-··--·-···-·-------, 19 ....... . 
SOURCE OF INFORMATION ........ JH~::3.93 .... ·-····--·---····--------------- __ . 
DRILLER or DIGGER ········-----········-·-·-···----···-···---------·-----------·-------.. -------------------
ADDITIONAL DATA: 

Log ..... _,;__ ____ Water Level Measurements ······-·-· Chemical Analysis ·······--------· Aquifer Test ·······-------

State Printin;i 89&16 



__ , 

• 
I 

' 

STATE ENGINEER 
Salem, Oregon 

Well Log 

State Well No ... ~J;I,..-::_J,.§_~_(:J,}, __ 

County --··-·-···Multnomah._ .... . 
Application No. _ GR:-:-393-.. - ...... . 

Owner: _____ Fib;reQQJ!l'1LJr.~~;r___-~--------··· Owner's No . .. Ji-'!.-...... "'·········· 

Driller: -···-···- Date Drilled ---··--··---··--··-··--·········· . . 

CHARACTER OF MATERIAL 
(Feet _below _ 1 and surface) Thickness 

From To (feet) 

Sand 0 !fl() 4o 

_Q~meni~g gra.ygl & bouldtra 4o I 60 20 
i 

Clay:, gil:t 60 i 71:i 15 

Hard rogk 7i:; 
I 

i,:;i:; QO 
I 

Soft rook 1.6'i 1Q1 ?6 

Ver::, ha.rd rock 101 :s<n 200 

Hard roQk ':i\<n 412 21 

Soft rook L.1? I 4?1 q 

~ 4?1 42'1 4 

I 

·-·---

i 

I 

-·· 

! 
' 

j 

I 

I 

,_ . 

. · 
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STATE ENGINEER 
Salem, Oregon 

Well Record 

MAILING 

STATE WELL NO. llw/l~l_aM.{2}. 
COUNTY . ________ -11l.ll:t.n9malt.. ... 
APPLICATION NO. _Jm:=3.93 .. _____ _ 

OWNER: .. Fihre.board._F.ap. .. ~duc:ta ... Uo:cp ........ _ ADDRESS: .. 63.50 .. .N .•... w ..... F.r.on.t ... S.trae:t ........ ________ . 
CITY AND 

LOCATION OF WELL: Owner's No. __________ _g _____ STATE: ........ ~QRft!~9:1.__.Q~!gQ~------------·-----·--

---~-.. l/4 ___ )?..!L¥4 Sec .... l~L. T. ---~---·· :; R. .J, _______ ~-, W.M. 

Bearing and distance from section or subdivision 

corner _s._ 27° .. 301 E •. .56.5! .. from }'J16+ oor._ Seo. __ 18 ___ _ 

I I 
I I I 

' I I 
_____ L_ __ I 

---+---I I I 
I I . 
i I 

··--····-·-·-------------------------- I I 

Ii) I I I ' ·---···-··-------------------
M(2) ! I 

I I I ------;•- ---L------l-----
I 1 
I· I 
I I 

" I I 
I f • 

····------------------------------------

Altitude at well ·-··-····--·_;------·-··-----·-----------

TYPE OF WELL: _Q,rl,.J.,leg,_ ____ Date Constructed ...... J:9_1±5 __ 
Depth drilled ______ ?_11:Q _______ Depth cased ·····-·--_J ______ _ Section __ J.8 ··-··------
==-=--=----......,---""'-""-"""""'"""""'"""""="""""=-=s,==,==-=-~-"""""-===~~--- -··-
CASING RECORD: 

? 

AQUIFERS: 

PUMPING EQUIPMENT: Type ___________ Pacific-·----···------------·-~--------··------ H.P. _______ .. 15 .. _ .. 
Capacity G.P.M . 

Drawdown ..................... ___ ft. after ·---·--··------ hours ·-····----···----------··-----····----··--·--·----G.P.M. 

Drawdown ---------- ft, after ····--·--·-·-·---- hours ·······------------·- ---- .G.P.lyL 

USE OF WATER .... Q.~ol~.E£. an~p~J.l.!!: .. ~J:ng __ Temp. ··---- °F. ··-···-- -----, 19 ....... . 
SOURCE OF INFORMATION ..... ~Ui!.:'.393 ....... --------------------------------------·-·-··· ·-----
DRILLER or DIGGER ----~l~tin. .. Yal.b:.J)rt.l.l:iJlg .. ~Io.w.p.e.J13'.t ... 4l.omi.t. ... Qr..e_g_Q:n .. __ 
ADDITIONAL DATA: 

Log ..... % ........ Water Level Measurements ·······-·-·- Chemical Analysis··-··--·····-····· Aquifer Test ···········----·· _ 



- RECEIVED 
STATE OF OREGON 

WATER WELL REPORT 
(as required by ORS 537. 765) 

MAY 2G 1989 
(START CARD) #---9_9_37 _____ _ 

(1) OWNER: 
Na.me Chevron USA, Inc. 
Address P. O. Box 4168 
Cicy Portland State OR Zip 97208 

(2) TYPE OF WORK: 
[i New Well D Deepen D. Recondition D "Abandon 

(3) DRILL METHOD 
ra Rotary Air [l: Rotary Mud D Cable 

D Other 

(4) PROPOSED USE: 
D Domestic D Community n Industrial Irrigation 

D Thermal D Injection D Other 

(5) BORE HOLE CONSTRUCTION: 
especial Construction approval Yes No Depth of Completed Well 310 

Yes No D [i 
ft. 

•

- · Explosives used D 4I:. Type _____ Amount ------

HOLE SEAL Amount 

-• 
Diameter From To Material From To sacks or ~nds 

1211 0 81 Cement 0 81 5 sac + 
8" 81 310 S;el 

How was seal placed: Method K] A D B fl C D D D E 

D Other----------------------
Backfill placed from ___ ft. to ft. Material --------
Gravel placed from ft. to ft. Size of gravel 

(6) CASING/LINER: 
Diameter From To Gauge Steel Plastic Welded Threaded 

Q.lf -!- l ~1 ? c.o [X [X D 
D D D 
D D D 
D D 

Liner: D D D 
[I D D 

Final location of shoe(s) 

4llt (7) PERFORATIONS/SCREENS: • D Perforations 

D Screens 
Method --------------
Type------ Material------

Slot Tele/pipe 
From To size Number Diameter size Casing 

D 
(8) WELL TESTS: Minimum testing time is 1 hour 

Flowing 
fl Pump D Bailer D Air Artesian 

Liner 

D 
D 
D 
D 
D 
D 

Yield gal/min Drawdown Drill stem at Time 

Temperature of water ____ _ Depth Artesian Flow Found ----

Was a water analysis done? D Yes By whom ---------

Did any strata contain water not suitable for intended use? D Too little 

D Salty D Muddy D Odor D Colored D Other--------

Depth of strata: ------------

ORIGINAL & FIRST COPY - WATER RESOURCES DEPARTMENT 

•OF WELL by legal description: 
L)'-:J.J.1..L.J..J..1..>.WJ""""'Latitude ------· Longitude -----

Township 1 E E or W, WM. 

Section----- ~--'A NW IA 

Tax Lot Lot Block Subdivision ___ _ 

StreetAddresaofWell (ornearestaddress) 5501 NW Front Ave. 
Portland, Gregan 97208 

(10) STATICWATEllLEVEL: 
2 7 ft. below land surface. Date 4/26/89 

Artesian pressure---- lb. per square inch. Date ------

(11) WATER BEARING ZONES: 

Depth at which water was first found ---.L.::!'------------

From To Estimated Flow Rate SWL 

289 
(12) WELL LOG: Ground elevation 

From To SWL 

0 2 
cla 2 19 
cla 19 40 

40 46 
46 60 
60 68 
68 70 
70 94 
94 101 27 

Date started 4/I 7/89 Completed 

(unbonded) Water Well Constructor Certification: 
I certify that the work I performed on the construction, alteration, or 

abandonment of this well is in compliance with Oregon well construction 
standards. Materials used and infonnation reported above are true to my best 
knowledge and belief. 

WWC Number ___ _ 

Signed-------------- Date -------

(bonded) Water Well Constructor Certification: 
I accept responsibility for the construction, alteration, or abandonment 

work p rmed on this well during the construction dates reported above. all 
work erfi med d · g this time is in compliance with Oregon well 
constru tio stan This report is true to the best of my knowledge and 
belief. WWC Number' . - 5 73 

~gst:..:!~-=:::::~~~===--Date 5/24/89 
THIRD COPY - CUSTOMER 9809C3/SS 
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STATE OF .OREGON 
COUNTY OF .lliJLTBOMAR 

CERTIFICATE OF·WATER RIGHT 

1Ebt5 )5 to C!Ctttffp, That· 
PEmISll.VAN"' SALT MANUFACTURING 
OOMPAliY OF, • ..ASHINOTON 

of P .o. Box lZl7 1 Tacoma , State of Washington . , has made proof 
to the satisfaction of the STATE. ENGT.NEER of Oregon, of a Tight to. the use of the waters of 
Willamette River 
a tributary of Col7'?11bia fil.Te:t- . for the purpose of 
Manufacturing 
under Permit No. 14•:i,iii}. · . of the State Engineer, and that said right to the use of said waters 
has been perfected in accordance with the laws of Oregon; that the priority of the Tight hereby 
confirmed dates from February J..7, 1941 .. 

, 
that the amount of water to which such right is entitled and hereby confirmed, for the purposes 
aforesaid, is limited to an amount actually beneficially used for said purposes, and shall not exceed 
8.90 cubic .feet per second, 

or its equivalent in case of rotation, measured at the point of diversion from the stream. 
T'11e point of diversion is located in t~e SW; lffit, .S.ection 18, Township l North, Range l · 
Fast, w. lf. , . 

The amount of water used for irrigation, together with th~ am::iunt secured under any other 
Tight existing for ·the same lands, shall be ?imite~ to · of- one cubic foot per second 
per acre,· 

and shall 
conform to such reasonable rotation system as may be·ordered by .the proper state officer. 

A ·description of the place· of use under the right hereby confirmed, and to which such right is 
appv.rtenant, is as follows: 

~ sEt;;. "Section 13, 
T. _l N., R. 1 W., W. M.; ,·. 

sa,· HW:t-, Section 18.{ . 
'1'.'.-~ B~; R •. 1 E., W. M. 

The right to the use of the water for the purposes aforesaid is restricted to the lands or place of 
use herein described. 

WITNESS the signature of the State Engineer, affixed 

• this 15th day of July , 194 .3_ • 

CHAS. E. STBICKI,Ilf 
"'*h•••••••U••••••u.-o;son••••••••"••.a,,.•n••h•••••"'•h•••U•••n••••n••"'<O•••n•n•••nu• 

State Engineer 

·;;; Recorded in State Record of Water Right Certificates, Volume· 12 , page 1451.:, •. 
,111 
•i' 

:.'(! 
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Permlt-1 M-&-39 Permit N o .. }4?.§! ... _ ...... . 

* APPLICATION FOR A PERMIT CERTJF!C:\TE r:o. 14513 

To Appropriate the Public Waters of the State of Oregon 

I,.·-····-··--··-···-·_PENNSXLVANIA _SALT. IvlANUF AC':r.QJ3:1!'lG ___ QQt4?.~J_.Q!.__J~~§£!~~-9:?:Q~--·-------···---···-··········· 
(Name of applicant) 

of -----·-····-·-----TACOMA __ . __ ······-------·----·-·-------··------·-·---··-·-·--··-··-··--·----, County of..---·-··-_PIERCE ______ ·······--·-----·······-, 
(Post office) 

State of.···-·-·-·····WAS_li.IHG.T.Olt .......... _ .. _ .. __ ·-·----··, do hereby make application for a permit to appropriate the 

following described public waters of the State of Oregon, SUBJECT TO EXISTING RIGHTS: 

If the applicant is a corporation, give date and place of incorporation·-······---·---·-·--···-··-·-··-·-·-···-··-·-·-· 

·-----·-·---·-···---·····-··-·-·NO.VEMBEB.._J.t-.. l.92.7.t--·s_tate ___ o.f .. Dela:w.ar.e ___ . _____ ·---·-·-··----················------·-·--·--···--·-·-·-----------

1. The source of the proposed appropriation is_._.T.he __ Willame.t.t.e._.B.i:v:er ... _ ... -.. ······-·····-·-·--·-------· 
(Name of stream) 

··--·-·-··-····---··-·-···-··-····-··-···-·---··--··-·--···········-······-·, a tributary of .. !b~.-.C.QJ.UITLP..i.e. .. R.i.Y..e_:r .•..•....... --···-·--····-·-········· 

2. The amount of water which the applicant intends to apply to beneficial use is ... _ .... g5-····-············-

eubic feet per second. -·-·-·--··--·----······-··-----·-·-·····-··········· --·-·-·-····-------------·-----------·--···-------------------------·-----------··-···-··-· 
(If water is to be used from more than one source, give quantity from each) 

**3. The use to whfoh the water is to be applied is ---···-····-·-··.M~m~f~.~tw.txi,g ____ . _____ ·------------·-·--·------·--· 
(Irrigation, power, mining, manufacturing, domestic supplies, etc.) 

4. The point of diversion is located--·--·-·····-··_ft. ___________ ..... and ______ . _____ ft. _______________ .from the -------------·-· 
(N. or S.) (E. or W.) 

corner of __ Tb..e. __ P.Qi.nt. .. Qf. __ d,_i.Y.:~r.s_iQn __ b.e_e..:r.a_.S.o_uth __ l5~\._.Eas.t .. _2~80 __ .!eet __ mQr.e __ .9_:r._.le.s_s ___ f.rQJIL_the 
(Section or subdivision) 

_.NW __ cor.ner __ o.f. __ Se_c_t.iQn..l_8J-.-T_. __ .l __ N_._, __ .R .... _l._E ... ,._.ii .. __ M ... --·----·-···--··-----·---·-·-···----·-··-----·-··---··-·------··-·---·------
(H preferable, give distance and bearing to section corner) 

(If there is more than one point of diversion, each must be described. Use separate sheet if necessary) 

being within the ________________________ Jmi __ NWi-.. ·-·------·---··---···--···-·---···---Of Sec. _________ j._$. ___ ·--------, TP·--···----J .. N.~---··--·, 
(Give smallest legal subdivision) (N. or S.) 

R .... ___ .1 .. E.. ___________ , W. M., in the county of..·--·---··M.ultno.mah _____________ ·-·---· 
(E.orW.) 

5. The __ ···--·-----------···----.Pipe _ line_··--------------·-····-·--------------·--to be ______________ 725 __ feet __ more __ or __ less 
(Main ditch, canal or pipe line) (Miles or feet) 

in· length, terminating in the ____________________ ni __ S.E:t_ ________________________ of Sec. _________ lJ··-·-··--·---, Tp._ .. _.l._.N ... __________ ., 
(Smallest legal subdision) (N. or S.) 

R •. ___ .l._W .. _. ___________ , W. M., the proposed location being shown throughout on the accompanying map. 
(E.orW.) 

DESCRIPTION OF WORKS 

DIVERSION WORKS-

6. ( a) Height of dam __ . ____ ._fj.9_'!)._f?: ___________ -f eet, length on toP---·---·-------------·----·-·---feet, length at bottom 

-···-·-··--··-----------··feet; material to be used and character of construction.·--····--··-···--·--·---·--···--·--········---·············-· 
(Loose rock, concrete, masonrJ', 

rock and brush, timber crib, etc., wasteway over or around dam) 

(b) Description ·of headgateJ.J.9.Il!L __ ...... -·-···---- ---·--···-···-·-·-··--·-···-···-············-·········--·-·--···-····-·--······-···-··---·-
CTimber, concrete, etc., number and size of openings) 

( c) If water is to be pumped give general description ·-~~ ... ?.'.~.-~.~.~~~!~~~~! .. P~P.~.-~E~!~::i:--···· 
(Size and type of pump) 

_by __ two .100 .. h. P.. -·electric. umto:r.a ..... _.Water __ to. be .. lifted .32' __ and._.P.um,Ped .. a_gains t __ a __ friction 
(Size and type of engine or motor to be used, total head water is to be lifted, etc.) 

head of 5.g, for a total head of 90 feet. ----------------------------------------------------------------------------------------·-· -------------------------------------------------------------------------··---------------· 

• A different form of application is provided where storage works are contemplated . 

.. Applications for permih to appropriate water for the generation of electricity, with the exception of municipalities, must be made to 
the Hydroelectric Commission. Either of the above forms may be secured, without cost, together with instructions by addressinir the State 
Engineer, Salem, Oregon. 

-----~-. ""'-..----------------~---

i 
J 
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CANAL SYSTEM OR PIPE LINE--

7. (a) Give dimensions at each point of canal where materially changed in size, stating miles from 

headgate. At headgate: width on top (at water lineJ---------·······--···-····················-·-·-·-··.feet; width on bottom 

-·-····--···-------·-··-····--feet; depth of water.·-···-·-·················-······.feet,· grade .............................. _ .... _feet fall per one 
thousand feet. 

(b) At ............................ -_ .... miles from headgate: width on top (at water line).·-·-······························· 

·····-·············-·-···---···_feet; width on bottom ..... ·-···············-···-·····feet; depth of water ........................... -....... _feet; 

grade ............ ·--·············-······-··-··.feet fall per one thousand feet. , 

( c) Le~gth of pipe, ...... -.... '1.?-.~.~·-······-·.ft.; size at intake,.5.!'?..-~ ............. in.; size at, .......... A_~ ........ .ft. 

from intake .. _. ___ Qne.-.. J.2 ...... -.in.; size at place of use._ .. Qn~.-.. .l~.-......... in.; difference in elevation between 

intake and place of use, .... _._ .... 32. ... ---······-··-.ft. Is grade uniform? .... _ ..... .'.!-.f!:f!. ........•.. _._··· Estimated capacity, 

··-·····--z5 __ ·-·····--·-···sec. ft. 

8. Location of area to be irrigated, or place of use .. ·--·-··············-············-··············-································· 

Township Range Section Forty-arce Tract Number Acres 
To Be Irrigated 

........ l .. N.•·····-······· .l .. E. •. , ... W .. M •...... -... liL .......... -.................. .Si..NW,i .......... -............... Manufa.c.turi.og .. Us.e ...... . 

........ l .. N.·····-·-······ _l .. W •., .. W .M •......... _13 -············· ·············-·-··N:~ .. SE;t .................................. " ...................... " ......... . 

------ -- -- --- -------- -·· ----· ---- ----- . --- ------ --- --- - --. -- --- --------- ---- ----- -- ---- ... -- -·---------- --- ------- -------- -- -- -- -- --- - -- --------- . --- ----- --- ---- . -- ------- --- ---- ----· 

------ ---------. ----- ------- ---------- --- ------ . --- --- --- - ---- ---- ----- --- --- --- -----.. -.. -- --- --- -- -- -- ..... --. -- ---------- --- ------ --- -- . -- --- --- -- --- -- -- ----- -- ---------· 

--- ...... -- _________ .. ___ ---- --- --- -- ----- ----- --- ----- . --·---- -·-··--- ... --- ----- ------ -· ... ----. --· ---- --- -- --· -- -- -- -- .. ---- -- ----- - --- .... --- ------- -- ------ -- ------ -- .. -------- --- --· 

------ -- ----- ----- ------ ---- ........................ -- ---- ----- - -.. ---- .. ------ ....... ------....... --------- ---------- --- -- -- --- -- ------- -- -----. -- -- ---- --------- -- -.... ---- . --- --------- ------- -----

. -- -- . -- ---------- ---- ------ -- --- -- -- -------. --- . -. --- ---- .......... ------·- -- -- --- -- --- ---- -- ... ------ ---- -- -- -- ---- -- -- --- --- -- -- -- .. ---- -- -- .... ---- -- --- .... --- -- ..... -- -- -- ---------

. ---- ----------.. ------------ .. ---- -- ----- --- ----- ----- -- ---- -- ------ ..... -- -- .... --- -. ---- -- --- -- ... --- --------- -- ------- -- .. ---- --- -- -- -- ---- -- .. -- ---- .. ---- ---- ----- -. ---- -- . -- . ---- -- -. -· 
(If more space required, attach separate sheet) 

( a) Character of soil·-·······--···--·--·········-·····--·-----·························································-································· 

(b) Kind of crops raised_··-········-··--··············--······························································································ 

POWER OR MINING PURPOSES-

9. (a) Total amount of power to be developed.·-------···-·····-········-·····--·············theoretical horsepower. 

(b) Quantity of water to be used for power_···········-······-························sec. ft. 

( c) Total fall to be utilized .. ·-·····························---: .............. _feet. 
(Head) 

(d) The nature of the works by means of which the power is to be developed .......................... . . 

( e) Such works to be located in ..... ·-············-----·-····----···-································of Sec ......................... ~., 
(Legal Subdivision) 

Tp .. ·--·------··--·---···---··--·, R .... ·---·-····-···-·········--·, W. M. 
No. N. or S,) (No. E. or W,) 

(!) Is water to be returned to any stream?·········-·········· 
(Yes or No) 

(g) If so, name stream and locate point of return······--···-················-·--········································-··· 

····--·-·-·······-·····-·-··································, Sec .............................. -, Tp ..... ·-·-··········--·······-, R ........ -.................... , W. M. 
(No. N. or S.) (No. E. or W.) 

(h) The use to which power is to be applied is --···-··-····-················································-··-················ 

(i) The nature of the mines to be served' ................................................................................. ; .......... . 
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MUNICIPLAL OR DOMESTIC SUPPLY-

10. ( a) To supply the city of_ ................................................................................................................... . 

................................................ County, having a present population of ............................................................... . 
(Name of) 

and an estimated population of .......................................... in 193 .... . 

(b) If for domestic use state number of families to be supplied ..................................................... . 

(Answer questlons 11, 12, 13, and14 in all cases) 

11. Estimated cost of proposed works, $ .. J..Q,.QQ.9.,.QQ ••..••.• 

12. Construction work will begin on or before ..... M~.f.9..!LJ:5.., .. J9.~ ....................................................... . 

13. Construction work will be completed on or before ..... J..W--Y-.. l.5., ... J.9kl ......................................... . 

14. The water will be completely applied to the proposed use on or before ........ .A..1A~~.!-.. J?..1.} .. 9..4f-

Pennsylvania .. Sal t_ Manufacturing. Co •.. of .. W!!• 
(Signature of applicant) 

...................... J .•... H.. .. B.aker., ... Sup,er.in:t.e.nde.n:t ......... . 

Signed in the presence of us as witnesses: 

( 1) ...... l?!ri!J..u.J,, ..... S.he.r.a .............................................. , .ftQJJ..te ... l--, .. ..6.Q~ .. t?..lk,. .. T!!.<;.9.lJW,--, •• Wn •........................... 
(Name) (Address of witness) 

( 2) ...... ~-~-.!~~ ... P.~.~.I::~.~~·-··············································· .?.~~ ... ~~9.7.t...~~~~~~t .. !!~.l:3.~: .............................. ··········· 
(Name) (Address of witness) 

Remarks: ..... tJ.9.EL ... 'J:'.h~ .. :w.~.t~r ... O..iY~r.:t.e.d .. tQ ... t.h~ .. mgnW.:~Q:t;..)J.r..:J:ng_ . .P.:J:~~:1:-.. is .. to. be .. used .... . 

... ~§ ... ~ ... QQQJ.J.ng .. @.9, .. QQDJl.~.mli~ .. :ro~di.um,, .. :bY ... ~~§j._ng .. :t;.m-.Q.~gg .. Y.~.:r.tQll.lLP.~P~ ... £~~JJ.!!g .. .s:.<?J~~ .. . 

... and .. steam .. cande.naers .•..... All. .. af ... the .. :wa.t.er: .. will. .. be .. re.t~ned .. ta .. .the. .. s:tr.e.lllJl .. n.e.e.r. ... tJ.\e.. ...... . 

... P.QJ.nt .. Qf.. .. di.y~r.s.ian •.... .name.s.tic .. .s.awage ... "!"! •• or. .. pr.o.duc.t.s ... ot: .. roa.nu!a~.t.ur.~;,JI:t.J.J. .. P..9.t .. P.~ .. .:t.P.:: .. . 

.. . :tr.94.M~~g-. .i.n:liQ ... the. .. wa.t.e..1: .. div.e.1::te.d .. and. . .r.e:ti.u:::na.d. .. ta .. .:the. .. s.tr.e.arJl.A ................................................ . 

------------------------------------------·-----------······-····-··--·--··-···········--·- ................................................................................................................................ .. 

--·--·----······-············--·---····-·"··················-·······-············--····-·· ......................................................................................................................... . 

..................................................................................................................................... ........................................................................................................................... .. 

................................................... --------··--·---·--------------··············---····························------·-··-···········---·········-··-····-··--·-····---------······--------

STATE OF OREGON, 

County of Marion, 
}ss. 
J 

This is to certify that I have examined the fore going application, together with the accompanying 

maps and data, and return the same for ................................................................................................................ . 

In order to retain its priority, this application must be returned to the State Engineer, with 

corrections on or before .................................................... , 193 ....• 

WITNESS my hand this .......................... day of. ........................................... , 193 .... . 

STATE ENGINEER 



STATE OF OREGON 

County of Marion, 

Application No . ..... J.9.!f?J.. ........ . 
Permit No . ............. 14261.. ....... . 

PERMIT 
TO APPROPRIATE THE PUBLIC 

WATERS OF THE STATE 
OF OREGON 

Division No ................. District No ................ . 

This instrument was first received in the 
office of the State Engineer at Salem, Oregon 

on the ...... l.7.th .... day of. ......... .F.ebr:uacy. ........ , 

19f4l, at.a:.00 .......... o'clock .... -A. •.... M. 

Returned to applicant: 

Corrected application received: 

Approved: 

.................. Ma_y._ 12 •.. 19il ................................ . 

Recorded in book No ............ 3.9 ................. of 

Permits on page ... l47.6l .......... . 

.............. CHAS ..... .E., ... S.l'fil.C.KLlll ....................... . 
STATE ENGINEER 

Drainage Basin No .... } ............ Page ..... ?:~ ...... . 
Fees Paid .. .Jt~~-!_QQ ........ . 

PERMIT 

This is to certify that I have examined the fore going application and do hereby grant the same, 
SUBJECT TO EXISTING RIGHTS and the following limitations and conditions: 

The right herein granted is limited to the amount of water which can be applied to beneficial use 

and shall not exceed ........... g5..!.QQ .... cubic feet per second measured at the point of diversion from the 

stream, or its equivalent in case of rotation with other water users, from ..................................................... . 

.............................................................. Th§ .. Willamette .. River ............................................................................ . 

The use to which this water is to be applied is .... J\~~~~.~J~!-:~!.1.K. ....................................................... . 

If for irrigation, this appropriation shall be lirnited to ........ -:-. ........ :: ........... ::0 ...... fi{r>tt.6 cubic foot per 

second ····--···········-··---······················--·-····················-······-· ··--··········--·-·········---······---·····-····-······-·································· 

------·---·---·-----------------------------------------------------------------------·---·----------------------------------------------------------------------- .. ·-----------------· 

----------------------------------------------------------------------------------------····-------------------------------------------------------------------------------------------
and shall be subject to such reasonable rotation system as may be ordered by the proper state officer. 

The priority date of this permit is .................... ................ f.si:bx.@n ... l7., .. l9,U ..................................... . 

Actual construction work shall begin on or before ......... M§:¥ ... 'J.2., ... J.91.2 ................................. and shall 

thereafter be prosecuted with reasonable diligence and be completed on or before ....................................... . 

October 1, 1943 -------------------------------------------------------------------------------------------
Complete application of the water to the proposed use shall be made on or before .............................. . 

October 1, 1944 --------------·--·----·-···----------------······--·---------------------------------------

WITNESS my hand this ......... }.?.~~ ....... day of. ............. M.~Y.. ....................... , 19'.4J 

........................ CHAS. __ E •.. Sl'fil QKJ..l.N.. .......................... . 
STATE ENGINEER 

Permits for power development are subject to the payment of annual fees as provided in sections 1 and 2, chapter 74, Ore!l'on Laws 1988. 
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STATE OF OREGON 

COUNTY OF MULTNOMAH 

CERTIFICATE OF WATER RIGHT 

THIS CERTIFICATE ISSUED TO 

A TOCHEM NORTH AMERICA INC. 
POBOX4ID2 
PORTLAND OR 97208 

confirms the right to use the waters of WILLAMETTE RIVER, a tributary of the Colwnbia River, FOR COOLING WATER 
FOR MANUFACTURJNG. 

This right was perfected under Permit S-51081. The date of priority is JULY 13, 1990. The amount of water to which this 
right is entitled is limited to an amount actually used beneficially, and shall not exceed 48.5 CUBIC FEET PER SECOND or 
its equivalent in case of rotation, measured at the point of diversion. 

The points of diversion (POD) are located as follows: 

POD Two Rn!! Mer Sec 

I 1 N l E WM 18 

2 IN 1 E WM 18 

0-0 
SWNW 

SWNW 

Measured Distances 

2170 FEET SOUTH & 580 FEET EAST FROM 
NW CORNER, SECTlON 18 
1680 FEET SOUTH & 140 FEET EAST FROM 
NW CORNER. SECTION 18 

A description of the place of use to which this right is appurtenant is as follows: 

Two Rng Mer Sec 0-0 

IN 1 E WM 18 SWNW 
IN IE WM 18 NWSW 
l N lW WM 13 NENE 
IN lW WM 13 NWNE 
IN IW WM 13 SWNE 
IN IW WM 13 SENE 
JN lW WM 13 1\TE SE 

When in the judgment of the Watermaster it becomes necessary to measure and keep a record of the amount of water being 
diverted, the right allowed herein shall be subject to the installation and maintenance of an in-line flow meter, a weir, or other 
suitable device for measuring the water. 

NOTICE OF RIGHT TO PETITION FOR RECONSIDERATION OR JUDICIAL REVIEW 

This is an order in other than a contested case. This order is subject to judicial review under ORS 183.484. Any petition for 
judicial review must be filed within the 60-day time period specified by ORS 183.484(2). Pursuant to ORS 536.075 and 
OAR 137-004-0080, you may either petition for judicial review or petition the Director for reconsideration of this order. A 
petition for reconsideration may be granted or denied by the Director, and if no action is taken within 60 days following the 
date the petition was filed, the petition shall be deemed denied. In addition, under ORS 537.260 any person with an 
application, permit or water right certificate subsequent in priority may jointly or severally contest the issuance of the 
certificate at any time before it bas issued, and after the time bas expired for the completion of the appropriation under the 
permit, or within three months after issuance of the certificate. 

Application S-70480.jwg Page 1 of2 Certificate 86416 



Diversion screening or fish passage facilities shall be operated to Oregon Department of Fish and Wildlife specifications. 

Failure to comply with any of the provisions of this right may result in action including, but not limited to restrictions on the 
use, civil penalties, or cancellation of the right. 

This right is for the beneficial use of water without waste. The water user is advised that new regulations may require the use 
of best practical technologies or conservation practices to achieve this end. 

By law, the land use associated with this water use must be in compliance with statewide land-use goals and any local 
acknowledged land-use plan. 

The right to the use of the water for the above purpose is restricted to beneficial use on the lands or place of use described. 

The use of water allowed herein may be made only at times when sufficient water is available to satisfy all prior rights, 
including prior rights for maintaining instream flows. 

Issued ___ ,l...,,lll~0~9~2=0=1 O __ 

. Fr 
s ator Water Rights and Adjudications, for 

. Ward, Director 
Water Resources Department 

Application S-70480.jwg Page 2 of2 Recorded in State Record of Water Right Certificates numbered 86416. 



STATE OF OREGON 

COUNTY OF MULTNOMAH 

PERMIT TO APPROPRIATE THE PUBLIC WATERS 

THIS PERMI'r IS HEREBY ISSUED TO 

ATOCHEM NORTH AMERICA, INC. 
PO BOX 4102 
PORTLAND, OREGON 97208 

503-228-7655 

to use the waters of WILLAMETTE RIVER, a tributary of COLUMBIA RIVER, 
for COOLING WATER FOR MANUFACTURING. 

This Perm:,t is issued approving Application 70480. Tne date of priority 
is JULY 13, 1990. The use is limited to not more than 48.5 CUBIC FEET 
PER SECOND, or its equivalent in case of rotation, measured at the point 
of divers.ion from the source. 

The point:;; of diversion are located as follows: 

SW 1/4 NW 1/4, SECTION 18, T 1 N, R 1 E, W.M.; 2170 FEET SOUTH AND 580 
FEET EAST; 1680 FEET SOUTH AND 140 FEET EAST, BO'J'H FROM NW CORNER, 
SECTION 1:3. 

The use shall conform to such reasonable rotation system as may be 
ordered by the proper state officer. 

A description of the proposed place of use under this Permit is as 
follows: 

SW 1/4 NW 1/4 
NW 1/4 SW 1/4 

SECTION 18 
TOWNSHIP 1 NORTH, RANGE 1 EAST, W.M. 

NE 1/4 
NE 1/4 SE 1/4 

SECTION 13 
TOWNSHIP 1 NORTH, RANGE l WEST, W.M. 

This pro:i ect was considered and approved by the water Resources 
Commission on September 21, 1990. 

When in thE! judgement of the Watermaster it becomes necessary to measure 
and keep a record of the amount of water being diverted, the right 
allowed h,~:rein shall be subject to the installation and maintenance of 
an in-lin1; flow meter, a weir, or other suitable device for measuring 
the water. 

Diversion screening or fish passage facilities shall be designed, 
installed, and operated to Oregon Department of Fish and Wildlife 
specifications. 

Actual construction work shall begin on or before SEPTEMBER 24, 1991, 
and shall be completed on or before October 1, 1992. Complete 
application of the water to the use shall be made on or before October 
1, 1993. 

Application 70480 Water Resources Department PERMIT 51081 

. llr TIT .. r . Tfll 1ta ·1 I 



PAGE TWO 

Failure to comply with any of the provisions of this permit may result 
in action including, but not limited to restrictions on the use, civil 
penalties, or cancellation of the permit. 

This permit is for the beneficial use of _water without waste. The water 
user is advised that new regulations may require the use of best 
practical technologies or conservation practices to achieve this end. 

By law, the land use associated with this wate::::- use must be in 
complianc•= with statewide land-use goals and any local acknowledged 
land-use plan. 

The use of water allowed herein may be made only at times when 
sufficient water is available to satisfy all prior rights, including 
rights for maintaining instream flows. 

Issued this date, SEPTEMBER 24, 1990. 

/s/ V/i · ·. 
-------------

Water Resources Department 
William H. Young 
Director 

Application 70480 Water Resources Department 
Basin 2 Volume 26 Willamette River & Tribs. 

PERMIT 51081 
District 16 

"TTl1 ·~ 11 
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OWNER:
ATOCHEM NORTH AMERICA INC.
PO BOX 4102
PORTLAND, OR 97208

Application: S 70480

Permit: S 51081 document
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Status: Non-Cancelled

County: Multnomah

File Folder Location: Salem

Watermaster District: 20

Point(s) of Diversion
POD 1 - WILLAMETTE RIVER > COLUMBIA RIVER

POD 2 - WILLAMETTE RIVER > COLUMBIA RIVER
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Use - INDUSTRIAL/MANUFACTURING USES (Primary); Priority Date: 7/13/1990
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Page 1 of 1Permit:S 51081 *

5/3/2010http://apps2.wrd.state.or.us/apps/wr/wrinfo/wr_details.aspx?snp_id=49697



 

AMEC Earth & Environmental, Inc. 
 Project No.:  0-61M-107030/Phase 0104/T6 
 K:\10000\10700\10703\0100 RI-FS-ROD\0104 RI Report\Draft RI\RI-SCE Report.Docx 

APPENDIX H 

Interpretive Figures 
  



 

AMEC Earth & Environmental, Inc. 
Project No.:  0-61M-107030/Phase 0104/T6  
K:\10000\10700\10703\0100 RI-FS-ROD\0104 RI Report\Draft RI\RI-SCE Report.Docx 

APPENDIX I 

TPH Chromatograms 
  



 

AMEC Earth & Environmental, Inc. 
 Project No.:  0-61M-107030/Phase 0104/T6 
 K:\10000\10700\10703\0100 RI-FS-ROD\0104 RI Report\Draft RI\RI-SCE Report.Docx 

APPENDIX J 

SCE Screening Tables 
  



 

AMEC Earth & Environmental, Inc. 
Project No.:  0-61M-107030/Phase 0104/T6  
K:\10000\10700\10703\0100 RI-FS-ROD\0104 RI Report\Draft RI\RI-SCE Report.Docx 

APPENDIX K 

SCE Distribution Figures 
  



 

AMEC Earth & Environmental, Inc. 
 Project No.:  0-61M-107030/Phase 0104/T6 
 K:\10000\10700\10703\0100 RI-FS-ROD\0104 RI Report\Draft RI\RI-SCE Report.Docx 

APPENDIX L 

Other Property Information 



 
 
 

   
 11/16/10 Page 1 

 

1.0 Arkema 

1.1 Background 

Arkema Inc (Arkema) owns property located northeast of the StarLink property 
adjacent to the Willamette River on the northeast and adjacent to the Doane Lake 
Area on the southwest.  Arkema’s predecessor, Pennsylvania Salt Manufacturing 
Company, acquired the property in 1940.   

The following direct corporate predecessors of Arkema owned and operated the 
Arkema Property during the periods noted. 

● Pennsylvania Salt Manufacturing Company  1940 to 1957. 

● Pennsalt Chemicals Corporation   1957-1969.     
(From 1961 to 1984 the property was owned by the Pennwalt Chemical 
Corporation Retirement Benefit Trust).  

● Pennwalt Corporation     1969-1989.   

● Atochem North America, Inc    1989-1992.   

● Elf Atochem North America, Inc   1992-2000.   

● ATOFINA Chemicals, Inc    2001-2004.   
(ATOFINA Chemicals, Inc. suspended operations at the property in 2001).   

● Arkema, Inc      2004-present. 

1.2 Site Activities 

Arkema and its predecessor companies operated a number of product lines at the 
Portland plant during a 59 year operating period.  These product lines include the 
following three groups: 

● Chlor-Alkali Products -- chlorine, caustic, sodium chlorate, potassium chlorate, and 
ammonium perchlorate.  Each of these products was derived from the electrolytic 
treatment of salt (NaCl and KCl) solutions. 

● Pesticide Products -- chlorates, chloral, DDT, chlorinated acetone, 
hexachlorocyclohexane (BHC), and magnesium chloride hexahydrate. 

● Other Products -- sodium orthosilicate, alkaline cleaners, ammonia, ammonium 
hydroxide, hydrochloric acid, and sodium hypochlorite. 
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Chlor-Alkali Products  

The production of chlorine and caustic soda was the largest of the chlor-alkali product 
lines.  Chlorine-caustic production started in June, 1947 and continued until March 
2001, employing four different production technologies during this period.  Sodium 
chlorate was manufactured from 1942 until April 2001, and potassium chlorate was 
manufactured from 1942 until 1978.  The chlorates operation underwent at least three 
changes in the processes employed.  The Portland plant also produced ammonium 
perchlorate electrolytically from sodium chlorate from 1958 until 1965.   

The operational history of each of the chlor-alkali product lines is discussed below. 

Chlorine-Caustic Production 

Four different production processes were employed during the 54 years that the 
Arkema plant manufactured chlorine.  The four processes employed were: 

● 1947 through 1972-Gibbs diaphragm cells using lead graphite anodes 

● 1963 through 1973-Diamond Alkali Company (known as Diamond Shamrock 
Corporation after 1967) diaphragm cells using lead graphite anodes 

● 1973 through 2001-Diamond Shamrock Corporation diaphragm cells using noble 
metal coated titanium anodes (DSA® metal anodes) 

● 1990 through 2000– Membrane cells 

Gibbs Cells.  The Gibbs cell design was a vertical cylindrical cell design using lead 
graphite rod anodes that was introduced in approximately 1910.  The cell was a 
proprietary design of Arkema’s predecessor Pennsylvania Salt Manufacturing 
Company.  The company employed Gibbs cells at numerous company locations, 
including its Portland, Tacoma, Wyandotte, and Natrona plants (Chemical Engineering 
1974 & 1960).  Portland opened in 1947 using 1200 Gibbs chlorine cells (Chemical 
Engineering, 1947) and still had 2800 Gibbs cells in late 1971 (DEQ, 1971). 

Diamond Cells/Lead Graphite.  Modern diaphragm cells (DS-41) licensed from 
Diamond Alkali Company were installed in 1963, and additional modern cells (DS-43) 
were installed in 1965.  These cells used lead graphite anodes at the time they were 
installed, though they were subsequently converted to DSA® metal anodes during a 
1973-74 modernization (Earnst, 1976). 

Integral (2006) stated that the new chlorine cell room started up in 1962 and “used 
cells equipped with metal (titanium) anodes.”  However, titanium anodes were not 
commercialized until much later.  The new chlorine cell room cells were originally 
installed using Diamond’s lead graphite anode technology, and were converted to 
metal anodes in 1973-1974.  The patents for Diamond’s DSA® noble metal-coated 
titanium anodes were not issued until the latter 1960s, and the new DSA® anodes did 
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not enter commercial service in diaphragm cells until the early 1970s (Chemical 
Engineering, 1970).   

The estimated total amounts of chlorine produced using each technology during the 
life of the Portland plant, and assuming the plant operated at 90% of capacity when 
actual production records were not available, are: 

● Gibbs cells/lead graphite-1,092,000 tons 

● Diamond Alkali Company/Diamond Shamrock Corporation cells/lead graphite-
657,000 tons 

● Diamond Shamrock Corporation cells/DSA® metal anodes-3,555,630 tons 

● Membrane cells/DSA®-277,400 tons 

● Chemical Engineering (1951a) Chemical and Engineering News (March 9, 1953),  

● Chemical Engineering, 1966a; Chemical Engineering, 1966b; Chemical 
Engineering, 1966c 

● Oregonian  (May 5, 1972), Chemical Engineering (1972), Earnst (1976), 1975-
2001 Annual Reports required by Air Containment Discharge Permit No. 26-2424 

Chlorine-Caustic Process Waste Production 

The use of lead graphite anodes and asbestos diaphragms generated lead, asbestos, 
and chlorinated hydrocarbon wastes in the caustic soda and chlorine processing 
streams.  The lead salts and chlorinated hydrocarbons were generated from the 
corrosion of the lead graphite anodes.  The change to DSA® anodes in 1973 largely 
removed lead from the process and significantly reduced the quantity of chlorinated 
hydrocarbon wastes generated. 

Brine Muds 

The brine mud waste stream was generated from both the chlorine-caustic and the 
chlorates manufacturing processes.  The facility used solar salt, which was brought in 
and unloaded at the site docks (Chemical Engineering, 1963).  This salt was then 
dissolved, and the resulting brine solution was treated to remove impurities that could 
adversely affect electrolytic operations.  In 1977, DEQ recorded that the plant was 
generating 4.27 lb of brine mud for each ton of chlorine manufactured (DEQ, 1977).  
DEQ indicated that 1300 lb/day of brine mud and, historically, graphite anodes with 
some lead was being placed into Doane Lake (Bromfeld, 1980).     

DEQ Portland plant documents suggest that as much as 100 million pounds of brine 
mud may have been generated at the plant. 
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DEQ also reported that the brine muds were disposed in Doane Lake beginning in 
1941 and that this was continuing in 1980 (Bromfeld 1980).  Arkema reported in 1988 
that 14,000 cy of brine residue was being stored on the site (Patterson 1988).    

Arkema has reported that the brine muds were shipped off-site for disposal after the 
early-1990s.  Before this, the brine muds were discharged into the River Bank Brine 
Residue Pond (constructed in 1970) and the Brine Residue Pile (constructed in 1980).  
Both of these units were located on Lot 2.  Arkema has not indicated how brine muds 
were managed before 1970.  Aerial photographs show a large unidentified waste 
management area on Lot 2 from 1963 until 1980, which may be a brine mud disposal 
area. 

Graphite Anode Sludge and Rubble  

The process of rebuilding the cell also generated a mixed waste stream that included 
solids that had collected in the cell, spent anodes, lead salts from corroded cell parts, 
used sealants and small parts, asbestos fibers, pieces of concrete, etc.   

Versar (1979) estimated the quantity of this waste stream to be 3 lbs. per 1000 pounds 
of chlorine produced (0.3%).  Based on this rate of production, a total of approximately 
10,500,000 lbs of the graphite anode sludge and rubble waste were generated from 
cells using lead graphite anodes from 1947 to 1973.   

The cells continued to require maintenance after the anodes were changed to DSA® 
metal anodes in 1973-1974.  However, lead was largely removed from the process 
with the anode change (Earnst, 1976).   

Cell Wash Wastes 

Chlorine cells, including the Gibbs cells, the Diamond cells using lead graphite anodes, 
and the Diamond cells using DSA® anodes, were rebuilt periodically.  Degradation of 
the asbestos diaphragms and the corrosion and degradation of the lead graphite 
anodes necessitated the rebuilding of the cells.  

During these rebuilding activities, a significant waste water stream was generated 
when the off-line cells were washed out to remove the accumulated cell sludges that 
contained graphite particles from the anodes, fines from the degradation of the cement 
cell bodies, lids, and coating materials, asbestos fibers from the diaphragms, lead salts 
from the anode connectors, salts that precipitated from the brine, etc.   

Arkema reportedly drained these cell wash waste streams to a collection system that 
ultimately discharged to the Willamette River prior to 1977.  From 1977 to 1992, the 
chlorine cell wash wastes were discharged to two new ponds located on Lot 3, west of 
the new chlorine cell room.  Periodically, the solids accumulated in these new ponds 
were slurried and pumped to the “existing disposal lagoons” on Lot 2 (Weathersbee, 
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1975; Earnst, 1977).  The cell wash waters from the chlorate cells may also have been 
diverted from the outfall to these ponds. 

Chlorinated Hydrocarbon Wastes 

The production of chlorine and caustic in cells employing lead graphite anodes 
produced a chlorinated hydrocarbon waste stream that consisted of chlorinated 
decomposition products from the lead graphite electrodes, from the binders and/or 
saturants contained within the anodes, and from rubber liners, sealants, caulks and 
various other cell parts (Leddy, 1978; USEPA, 1981; USEPA, 1999).  This waste 
stream is a listed hazardous waste under RCRA (K073).  

The EPA listing background document for K073 and other EPA sources indicate that 
this chlorinated hydrocarbon stream was predominately chloroform, carbon 
tetrachloride and hexachloroethane with lesser amounts of hexachhlorobenzene, 
hexachlorobutadiene, pentachloroethane, trichloroethylene, tetrachloroethylene, 
dichloroethylene, 1,1,2,2-tetrachloroethane, octachlorostyrene and other VOCs and 
phthalates (USEPA, 1981). 

The quantity of chlorinated hydrocarbon wastes produced varied depending on the 
type of cell employed and decreased as chlorine cell technology developed (Cushing, 
1937; Versar, 1975).  Based upon these literature values and the chlorine production 
rates at the Arkema plant, the Arkema plant would have generated at least 5 million 
and likely in excess of 10 million pounds of the hydrocarbon wastes. 

The majority of these chlorinated hydrocarbon wastes were removed from the process 
in the chlorine condensate streams from chlorine purification (USEPA, 1980).  
Discharges from the old cell room chlorine condensate stream were discharged to the 
Willamette River without treatment.  Discharges from the new chlorine cell room 
chlorine condensate stream went to the river after treatment including neutralization 
and chlorine residual removal (Slater, 2006).  The treatment employed would not have 
removed chlorinated hydrocarbon wastes.  

On February 27, 1978, after Portland’s lead graphite anodes had been replaced with 
metal anodes, a USEPA contractor Jacobs Engineering collected water samples from 
the Portland Plant’s chlorine condensate stream.  Jacobs Engineering also collected 
samples of the cell wash streams (Jacobs, 1978).  The analytical results from these 
samples are shown below. 

● Treated chlorine condensate discharged to outfall  

● VOCs: chloroform, methylene chloride, and tetrachloroethylene detected 

● Metals:  zinc, nickel, lead, selenium, and antimony substantially present 

● Chlorine cell wash wastes –discharged to Willamette River before 1977 and to 
surface ponds thereafter until 1992. 
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● Metals: nickel, lead, copper, chromium, zinc, arsenic, and antimony substantially 
present 

● VOCs and SVOCs: hexachlorobenzene, hexachloroethane, 1,1,2,2-
tetrachloroethane, chloroform, naphthalene, toluene, and three phthalates were all 
substantially present 

● The sampling results indicate that metal anodes continued to generate chlorinated 
hydrocarbons.   

Asbestos Wastes 

Each of the diaphragm cell processes utilized a structure covered with a layer of 
asbestos fibers to separate the anode and cathode.  Based on literature generation 
rates over 4 million pounds of waste asbestos are estimated to have been produced 
during the operation of the Arkema plant.  The asbestos waste was likely generated 
simultaneously with the cell rebuilding operations that generated the graphite anode 
sludge and rubble waste (Versar, 1979).  The Cell Wash Wastes discharged to the 
river and to onsite lagoons would also have contained asbestos. 

1.2.1 Constituents of Interest (COI) Associated With Chlorine Caustic Process 
Waste Streams 

Brine Muds 

Jacobs (1978) reported that the brine muds contained significant concentrations of 
antimony, arsenic, chromium, copper, lead, mercury, nickel, selenium, thallium, and 
zinc.  TCLP testing of the brine sludge in 1981 confirmed that the material contained 
detectible concentrations of each of the RCRA metals (arsenic, barium, cadmium, 
chromium, selenium, and silver) but at levels below which the mud would be 
considered hazardous (Anderson, 1981). 

The asbestos and brine mud pond materials were excavated in the early 1990s and 
disposed offsite.  In 2010, ERM collected soil samples from Lot 2 targeted to collect 
soils believed to have underlain the former ponds.  These samples reported 
concentrations of PCDD/PCDF congeners to be present, and a congener pattern that 
reflected the presence of a “chlor-alkali” PCDF fingerprint, as well as the hepta- and 
octa-PCDDs (ERM, 2010).  Polychlorinated naphthalenes (PCN) and 
octachlorostyrene (OCS) were reported to have not been detected in these soils at 
method detection limits of 25-66 ug/kg. 

Graphite Anode Sludge and Rubble 

The following COIs have been present in this waste stream.   
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● Lead.  USEPA (1981) expressed concern over the lead content of these graphite 
anode cell clean-out wastewaters and resulting sludges. 

● PCDD/PCDFs  USEPA (2006a), in its Inventory of Sources and Environmental 
releases of Dioxin-Like Congeners in the United States, concluded that high levels 
of PCDFs have been found in sludges from lead graphite anode chlorine 
operations, and that the 2,3,7,8-substituted congeners account for a large fraction 
of the congener totals.  One of the studies cited by USEPA was Rappe 1991.  
Rappe reported total PCDD/F concentrations of 680 µg/kg (2,3,7,8-TCDD TEQ 
levels of up 28 µg/kg) were present in the graphite electrode sludge.  Xu 2000 
reported that graphite electrode sludge from a plant in central China contained up 
to 378 µg/kg of PCDD/F, with a 2,3,7,8-TCDD TEQ value of 21.65 µg/kg.   

● The graphite sludge and rubble stream included solids removed early in the cell 
reconstruction process, and this removal was followed by cell cleaning and 
washing that removed the remaining sludges and solids.  The Cell Wash Wastes 
and the Graphite Anode Sludge and Rubble wastes would have contained similar 
contaminants, including the PCDD/Fs.  The presence of residual chlorinated 
hydrocarbons in the spent graphite anodes was noted by Tetra Tech (1988) at the 
Arkema Tacoma facility. 

● Polychlorinated Styrenes (including octachlorostyrene (OCS).  Polychlorinated 
styrenes are a by-product of wastes from the electrolytic production of chlorine 
using graphite anodes and coal tar pitch binder (USEPA, 2004a). 
 
Two chlor-alkali plants owned Arkema’s predecessor and located in Tacoma, WA 
and Wyandotte, MI, were found to be sources of OCS (Kaminski, 1984; Burrows, 
1981; Kuehl, 1981).  Both of these plants, like the Portland Plant, are known to 
have formerly operated Gibbs diaphragm cells with graphite anodes  (Chemical 
Engineering, 1960; Chemical Engineering, 1974). 

● Polychlorinated Naphthalenes.  Polychlorinated naphthalenes would have been 
generated during the production of chlorine using graphite anodes from 1947 until 
1973 (Jarnberg, 1997; Kannan, 1998).   

Chlorinated Hydrocarbon Wastes   

The chlorinated hydrocarbons were formed in the electrolytic cells, and left the cells 
(largely, but not exclusively) with the wet chlorine gas stream.  The majority of these 
COIs were removed from the chlorine in the plant’s chlorine purification processes.  
The bulk of the chlorinated hydrocarbons concentrated in the chlorine condensate and 
spent sulfuric acid waste streams (USEPA , 1980) 

The COIs typically present in the large chlorine condensate waste stream have been 
identified in several studies and are shown in Table 1.   
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Table 1.  Major Reported Constituents Present in Lead Graphite Anode Chlorinated Hydrocarbon 
Waste 

Substance 

USEPA 
(1981) 

(K073 Listing 
Background 
Document) 

Cushing (1937) 
Patent 2,077,310

(assigned to 
Pennsylvania Salt 

Manufacturing 
Company) 

AWARE Inc (1981) 
(Hydrogeologic and 

Engineering Evaluations 
of Waste Management 

Facilities, Pennwalt 
Tacoma) 

USEPA (1975) 
(Survey of Industrial 

Processing Data HCB 
and HCBD Pollution 
from Chlorocarbon 

Processes) 

Chloroform 73.7% X X  

Carbon tetrachloride 10.8 X X  

Hexachloroethane 8.0 X ---  

Hexachlorobenzene --- X --- 0.02 to 0.04 lb/ton Cl2 

Hexachlorobutadiene --- --- --- 0.004 to 0.007 lb/ton Cl2 

Pentachloroethane 1.3 --- ---  

Trichloroethylene 1.0 --- ---  

Tetrachloroethylene 0.6 --- X  

Dichloroethylene 0.3 --- ---  

1,1,2,2-Tetrachloroethane 
(Acetylene Tetrachloride) 

0.5 X ---  

Octachlorostyrene 

 

--- --- --- 200 ppb 
(Kaminski 1998) 

Other*     

* Note: including benzene, 1,2-dichloroethane, 1,1,1-trichlorethane, 2,6-dinitroluene, methylene chloride, bromoform, 
dichlorobromomethane, chlorodibromomethane, bis(2-ethylhexyl)phthalate, di-n-butyl phthalate, and toluene (USEPA 
1980) 

x = present 

 

Discharges from the old cell room chlorine condensate stream were discharged to the 
Willamette River without treatment.  Discharges from the new chlorine cell room 
chlorine condensate stream went to the river after treatment (neutralization, chlorine 
residual removal) (Slater, 2006).  

Toxic Metals  

Numerous toxic metals are known to have been associated with the production of 
chlorine and caustic by both the lead graphite anode methods and the DSA® metal 
anodes method.  These metals were contained in the various waste water streams 
including the brine muds that were discharged to the onsite infiltration ponds and to the 
plant’s outfalls. 
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USEPA (1980) reported on the results of studies of these streams in 19 diaphragm cell 
chlorine plants using both graphite and DSA® anodes.  The Arkema Portland facility 
(DSA® anodes) was among those sampled in this study.  Based on the results of 
these studies, Arkema’s Portland graphite anode and DSA® anode chlorine-caustic 
operations would have generates significant quantities of lease, arsenic, zinc, copper, 
nickel, antimony, chromium, cadium, and mercury.   

The Arkema Portland plant did not operate any treatment that would have removed 
toxic metals from the raw waste water streams (Jacobs, 1978).  These waters were 
discharged untreated, either to the Willamette River or to the soil and groundwater 
through the plant’s various infiltration ponds. 

Based on Arkema’s historical chlorine production, approximately 0.5 million lbs of lead, 
2,500 lbs of arsenic, 7,500 lbs of nickel, and 5,000 lbs of zinc (as well as other metals), 
were discharged in aqueous effluent streams from the Arkema plant to the river and 
onsite infiltration ponds during the historical operations.   

Asbestos Wastes  

Spent diaphragm asbestos materials from Gibbs cells and Diamond cells/lead graphite 
anodes were exposed to lead compounds, carbon particles eroded from anodes, 
chlorinated hydrocarbon wastes, and the other contaminants (e.g., octachlorostyrene, 
dioxins/furans, polychlorinated naphthalenes) that have been identified in graphite 
anode wastes.  The used asbestos diaphragm materials from the operation of 
Diamond cells/DSA® anodes also had the potential to have been contaminated with 
chlorinated hydrocarbon species, such as PCDFs (USEPA,  2006a). 

Very limited testing of soils near the previously excavated River Bank Asbestos Pond 
on Lot 2 detected PCDD and PCDFs, but testing was not conducted for the chlorinated 
hydrocarbon waste SVOC and VOC COIs (ERM 2010).  This pond was not 
constructed until shortly before Arkema discontinued use of lead graphite anodes.  
Arkema has not identified the asbestos disposal areas from chlorine cells operated 
before 1970.  Asbestos pits on Lot 1 that contained 12,689 cy of asbestos wastes that 
may have been generated during the lead graphite anode operating period were 
excavated and asbestos wastes disposed of offsite in 1991 and early 1992.  However, 
Arkema did not test for COIs other than airborne asbestos (Beck, 1992). 
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Sodium and Potassium Chlorate Production 

Three different production processes were employed during the 59 years that the 
Arkema plant manufactured chlorates.  The processes employed were: 

● 1942 through 1974-cells using graphite anodes, without hexavalent chromium 
recovery 

● 1975 through 1990-cells using DSA® anodes, without hexavalent chromium 
recovery 

● 1991 through April 2001-cells using DSA® anodes, with hexavalent chromium 
recovery 

The Portland Plant manufactured both sodium and potassium chlorate products from 
1942 through 1978.  After 1978, only sodium chlorate was manufactured. 

The estimated total amounts of chlorates produced using each technology during the 
life of the Portland plant, and assuming the plant was operating at 90% capacity prior 
to 1975 when actual production record are not available, are: 

● Cells using lead graphite anodes  without hexavalent chromium recovery-360,000 
tons 

● Cells using DSA® anodes without hexavalent chromium recovery-350,000 tons 

● Cells using DSA® anodes with chromium recovery-430,000 tons 

(Chemical & Metallurgical Engineering 1941a, 1941b; Chemical Engineering 1951a, 
1951b; Chemical Engineering 1953; US v. Penn-Olin 1964; Chemical Engineering 
1959; Earnst 1971; 1975-2001 Annual Reports required by Air Containment Discharge 
Permit No. 26-2424; DEQ 1991) 

In 1981, Arkema responded to a questionnaire from the USEPA’s Effluent Guidelines 
Division about its sodium chlorate process (Pennwalt, 1981).  The response described 
the plant and its waste streams during the period of operating “Cells with DSA® 
anodes without chromium recovery”.  The company reported that the process 
generated two process waste streams-brine treatment sludge and chlorate filter 
sludge.  Process flow diagram included in the response show that the chlorate trench 
and cell flush streams were routed to the Willamette River, but no further description 
was provided of these streams. The process flow diagram suggests that the waste 
waters generated during cell maintenance and washing were also discharged to the 
river. 

During the period 1942 through 1974, chlorate production would have generated 
substantial amounts of lead graphite anode wastes similar in composition to wastes 
from lead graphite anode cells for chlorine production. 
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Chlorate Process Waste Quantity Calculations 

Brine Muds  

Pennwalt 1981 reported that 130 lb/day of brine mud was being generated while 
operating at a sodium chlorate capacity of 65 TPD.    

Using this brine mud production rate, the Portland chlorate processes would have 
generated the following quantities of brine mud: 

● Cells using graphite anodes (1942-1974)-720,000 lbs 

● Cells using DSA® anodes without chromium recovery (1975-1990)-700,000 lbs 

● Cells using DSA® anodes with chromium recovery (1991-2001)-860,000 lbs 

A total of approximately 2,280,000 pounds of brine mud would have been generated 
over the 59-year operational life of the chlorate plant.   

The brine muds produced from the chlorate process appears to have been managed 
with the brine muds generated by the chlorine process.   These wastes were disposed 
off-site during the 1990s, into the River Bank Brine Residue Pond during the 1970s 
and 1980s, and to potentially Doane Lake and Lot 2 prior to 1970 (Bromfeld, 1980).   

Chlorate Filter Sludge 

In 1981, the Arkema chlorate process generated 60 lb/day of sodium chlorate filter 
sludge (Pennwalt 1981). 

Using this production rate the following quantities of chlorate filter sludge were 
generated during the operational life of the plant. 

● Cells using graphite anodes-325,000 lbs 

● Cells using DSA® anodes without chromium recovery-325,000 lbs 

● Cells using DSA® anodes with chromium recovery-395,000 lbs 

A USEPA contractor’s survey of twelve operating sodium chlorate plants reported that 
chlorate filter sludge waste was generated at the substantially greater rate of 12 lb/ton 
of chlorates produced (Versar 1975).  Using this factor, Arkema would have generated 
a greater quantity --  approximately 13,600,000 lbs -- of chlorate filter sludge. 

Additional chlorate filter sludge would have been generated from the production of 
potassium chlorate.   
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Spent Graphite Anodes/Graphite Sludge  

During the period of 1942 through 1974, the chlorate cells used lead graphite anodes.  
The lead graphite anodes eroded much more quickly than chlorine cell lead graphite 
anodes.  In chlorate operations, the spent graphite anodes waste generation from 
chlorate production was estimated to average 50 lb/ton of product (Versar 1975).  
Using this production rate, a total of 18,100,000 lbs of spent graphite anodes waste 
would have been generated from 1942 to 1974. 

Cell Wash Wastes 

The chlorate cells also had to be rebuilt periodically.  During periodic rebuilding of 
chlorate cells, a significant waste water stream was generated when the off-line cells 
were washed out to remove the accumulated cell sludges. The sludges from graphite 
anode cells contained graphite particles from the anodes, fines from the degradation of 
the cement cell bodies, lids, and coating materials, lead salts from the anode 
connectors, salts that precipitated from the brine and other material.   

Arkema reportedly drained these cell wash waste streams to a collection system that 
discharged to the Willamette River prior to 1977.  In 1977 and afterwards, the chlorine 
cell wash wastes were discharged to two new ponds located on Lot 3, west of the new 
chlorine cell room.  Periodically, the solids accumulated in these new ponds were 
slurried and pumped to the “existing disposal lagoons” on Lot 2 (Weathersbee, 1975; 
Earnst, 1977).  Chlorate cell wash waters were likely discharged to the Willamette 
River prior to 1977 and then to onsite ponds in the same manner as chlorine cell 
wastes. 

1.2.2 Constituents of Interest (COI) Associated With Chlorates Process Waste 
Streams 

Brine Muds 

Information suggests that the Arkema plant operated a single brine treatment facility, 
so the chlorate brine muds waste would have contained similar levels of heavy metals.  
Jacobs (1978) reported that the brine muds contained significant concentrations of 
antimony, arsenic, chromium, copper, lead, mercury, nickel, selenium, thallium, and 
zinc.  TCLP testing of the brine muds in 1981 confirmed that the material contained 
detectible concentrations of each of the RCRA metals (arsenic, barium, cadmium, 
chromium, lead, mercury, selenium, and silver) but at levels below which the mud 
would be considered hazardous (Anderson, 1981).   

The River Bank Brine Residue Pond materials were excavated in the early 1990s and 
disposed of offsite.  In 2010, ERM collected samples from soils believed to have 
underlain the former impoundment.  These samples reported concentrations of 
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PCDD/PCDF congeners to be present, and a pattern that reflected the presence of a 
“chlor-alkali” PCDF fingerprint, as well as the hepta- and octa-PCDDs (ERM, 2010).   

Chlorate Filter Sludge 

The chlorate filter sludge was disposed of on-site during at least a portion of the 
operating period (Pennwalt, 1981).  This waste stream contained substantial 
concentrations of chromium until approximately 1991, when a process improvement 
was constructed.  This waste stream would have contained substantial levels of 
hexavalent chromium in the 1940s-1980s.  During the period in which graphite anodes 
were being used, this waste likely also contained carbon particles and lead.  EPA 
reported that TCLP leachates from these wastes exceeded the lead, nickel, 
manganese, zinc, and arsenic drinking water standards (USEPA, 2000).  

Spent Graphite Anodes/Graphite Sludge 

The chlorate graphite anode cells higher carbon loss rate generated greater 
accumulations of solids in the cells than chlorine cells.  Chlorate graphite anode cell 
sludge contained significant concentrations of chromium and lead during the period of 
graphite anode use (1942 to 1974).   

Rappe (1991) reported that the spent chlorate graphite anode sludge contained 1.7 
µg/kg of total PCDD/F (2,3,7,8-TCDD TEQ levels of 0.72 µg/kg). 

Chlorinated Hydrocarbon Wastes 

Sodium chlorate facilities that used graphite anode cells also generated chlorinated 
hydrocarbon wastes (USEPA, 1984). 

The change to DSA® anodes did not cause the generation of chlorinated 
hydrocarbons to cease totally (USEPA, 1984).  USEPA analysis of waste waters from 
chlorate production using DSA® anodes found reportable levels of the following COIs: 

● Benzene 

● Chloroform 

● Dichlorobromoethane 

● Chlorodibromoethane 

● Carbon tetrachloride 

● Methyl chloride 

● Methylene Chloride 

● Trichlorofluoromethane 
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Toxic Metals  

The graphite anode chlorate operations are expected to have generated significantly 
greater amounts than the chlorine process of arsenic, copper, lead, nickel, and zinc, 
along with chromium.  Lead chlorate produced in the chlorate processes would have 
been more soluble then the lead chloride produced in the chlorine process. 

EPA reported the average raw effluent from chlorate plants included chromium, 
antimony, nickel, mercury, copper, lead, zinc, arsenic and cadmium (USEPA, 1980).  
The Arkema Portland plant did not operate a metals removal treatment plant for its 
waste waters.  Any metals in the raw effluent from the chlorate plant would have either 
been discharged to the Willamette River or to the soil and groundwater through the 
plant’s several infiltration ponds. 

Very substantial amounts of chromium and nickel were discharged in aqueous effluent 
streams from the chlorate plant during the DSA metal anodes operations at Portland.   

Ammonium Perchlorate Production 

The Arkema Portland facility manufactured ammonium perchlorate from 1958 until 
1965 (Schumacher, 1960; ITRC, 2005; CDTSC, 2005; Trumpolt, 2005).  

The ammonium perchlorate involved first producing sodium perchlorate in an 
electrolytic cell from sodium chlorate (Integral, 2006).  The sodium perchlorate 
produced was then reacted with hydrochloric acid and ammonia to produce ammonia 
perchlorate.  The converted ammonium chlorate solution was then crystallized and the 
ammonium perchlorate product was separated and dried.  Ammonium percholate salt 
was removed from the separated liquor, and the desalted liquor was then returned to 
the reactor.  Arkema has not reported detailed operational information for this process. 

Mussini (1973) reported that all U.S. perchlorate producers were using platinum 
anodes except one, and identified this exception in a manner that it could not have 
been the Arkema Portland facility.  The Pennsalt anodes may have used platinum 
coated onto tantalum (Schumacher, 1960).  A U.S. patent granted to Arkema’s 
predecessor Pennsalt in 1959 described such a cell and anode design (Karr, 1959).  
The platinum anodes (whether pure or coated) used in perchlorate cells were subject 
to high rates of corrosion and erosion losses. 

Caustic Fusion Pots 

The Arkema Portland plant operated five caustic fusion pots and one holding pot.  The 
purpose of these units was to batch-produce anhydrous caustic.  Sodium hydroxide 
solution was placed into these pots, and then heated using externally fired fuel oil 
burners.  The pots were heated until all of the water was boiled off the caustic.  Plant 
records suggest that the four plant boilers and the caustic fusion pots all burned fuel oil 
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from the same plant fuel oil supply.  These caustic fusion pot units were operated from 
the early 1950s until their shutdown in April 1985 (Integra, 2006). 

The Portland plant fuel oil supply is known to have been contaminated by Aroclor 1248 
for at least some period of time during the 1970s, including 1977 when the Riley boiler 
was shut down.  During demolition of the plant, the fuel oil supply line for the derelict 
Riley boiler was drained to the plant’s waste oil tank.  Later, after being shipped off-
site, the oil was found to have been PCB contaminated.  Subsequent testing 
performed of the residuals in the plant’s waste oil tank found 1400 ppm of Aroclor 
1248.  Because the boiler was last used in 1977, the contents of the feed line 
represented the quality of the fuel oil being used in 1977 and before.  

The Caustic Fusion Pots were fired with PCB-containing fuel oil during the period that 
the plant fuel oil supply was contaminated (at least 1977 and potentially a much longer 
time period earlier).  Combustion of PCBs is a well documented source of 
PCDD/PCDFs (USEPA, 2006) 

The Bureau of Fire Inspector inspection records indicate that the caustic fusion pots 
operating area experienced frequent and significant fuel oil spills during the 1960s and 
1970s.  The following complaints and violations were documented. 

Table 2.  Bureau of Fire Inspector Caustic Pots Area Oil Reports 

Date Nature of Complaint or Violation 

2/7/77 “Excess oil accum. in drainage ditch (caustic pot rm.)” 

3/10/76 “Spec. checked on fire call of 3-9-76 @ 11:00 pm. Caustic evaporator pot #4 boiled over (too 
full).  460°C-900°F molten caustic ignited bunker “C” oil in drainage ditch near oil burner-no 
loss. 

1. Drainage ditches need cleaning out (oil). 

2.  Drip pans under oil burners need cleaning (oil). 

3. Sub-standard housekeeping in caustic evap. rm (oil). 

Reinspec. 3-19-76 Cleanup incomplete” 

5/14/74 “Excess oil accum (pipe line trench) south side oil furnaces for caustic pots in pot rm.” 

12/3/69 “1. Excess black oil accum. in pipe trench in front of caustic evaporator oil burners. 

  2.  Flam. & comb. Liq. Stge. In front of oil burner in caustic evaporator bldg.” 

 

The oils reported in the Bureau of Fire Inspection complaints appear to have been 
spilled fuel oil.  These release reports were contemporaneous with the final period 
when the Riley Boiler was operating.  Soils in the area with the caustic fusion pots 
likely were contaminated with Aroclor 1248 and other hazardous substances present in 
waste oils including metals.   

Sometime between 1972 and 1976, Arkema installed an oil separator in the drain from 
the caustic fusion pot area.  Arkema reported the separator was installed “to prevent 
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oil contamination of wastewaters” (Earnst 1976).  Therefore, stormwater runoff from 
the oil soaked drainage ditch likely was contaminated by Aroclor 1248 and heavy 
metals for an extended time period. 

Pot Furnace for Lead and Lead Alloy Melting 

Lead was used as a raw material to construct and reconstruct the chlorine-caustic 
graphite anode cells and the chlorate graphite anode cells, and lead was also used as 
a framework to stabilize the graphite anode elements in the cell.  When cells were 
rebuilt, considerable amounts of used lead materials were removed from the old cells 
and new lead materials were placed into the rebuilt cells. 

Arkema operated two lead recovery units sometimes identified as the “Metal Melting 
Furnace” or “Pot Furnace for Lead and Lead Alloy Melting” to clean and recover used 
lead materials for reuse (Earnst 1971, Bureau of Fire, 1952).  In its 1971 emissions 
inventory report to DEQ, Arkema reported these units were emitting 250 lb/year of 
“lead and smoke” particulates.  The particulates were further defined as consisting of 
“Pb and PbOx” (DEQ, 1971).  The lead pot furnaces did not appear in Arkema’s 1975 
Emission Inventory submission potentially reflecting that the lead graphite anodes 
were replaced in 1974 by DSA® anodes. 

The lead recovery units were reported to be processing 312.5 tons/year of lead 
materials in 1971 and they likely operated throughout the period when lead graphite 
anodes were in use (1942-1974).   

The Arkema site investigations have not characterized the nature or disposition of the 
wastes and impurities removed from these lead pots.  In addition, Arkema did not 
report the existence, operational details, and physical location of the lead recovery 
furnaces in the site investigation reports.   

The used lead wastes would have contained some amounts of the graphite wastes.  
The incomplete combustion represented by the reported smoke emission suggests 
that lead pot furnace was a potential source of PCDD/PCDFs.  The recycled lead 
materials would have been significantly contaminated by the PCDD/PCDFs present in 
the graphite wastes even before processing for lead recovery in the lead pot furnaces.  
The solid wastes removed from these lead pots, as well as the particulates emitted, 
had the potential to have contained PCDD/PCDFs. 

Snift Gas System 

Arkema’s chlorine-caustic process descriptions provide few details on the chlorine 
purification/liquefaction portions of the process.  This process removed and managed 
the waste chlorinated hydrocarbons.   



 
 
 

   
 11/16/10 Page 17 

 

Chlorine plants normally feed the tail gas from the liquification step (“snift gas”) through 
a final chlorine recovery system.  Several commercial snift gas systems were 
employed in the chlorine industry during the Arkema Portland plant’s 54-year operating 
period.  Prior to 1975 the largest domestic use of hexachlorobutadiene (HCBD) was for 
the recovery of snift gas in chlorine plants (ATSDR, 1994).  By 1994, HCBD was no 
longer being used in this process (ATSDR, 1994).  An alternative snift gas system 
(licensed by Diamond Alkali) used recirculating carbon tetrachloride to absorb the 
chlorine  (Chemical Engineering, 1957a).  The Diamond Alkali process was widely 
used during the 1970s and later. 

Carbon tetrachloride and HCBD are important COIs at the Arkema Portland plant.  
Carbon tetrachloride and hexachlorobutadiene have been detected in groundwater at 
the Arkema site.  In 1985, the Arkema plant in Tacoma, Washington, was identified as 
a source of HCBD to the Hylebos Waterway segment of the Commencement Bay 
Superfund Site (Tetra Tech, 1985).   

Agricultural Chemicals Products 

The Arkema Portland plant produced a number of agricultural chemical products, 
including sodium and potassium chlorates (previously described, above), chloral and 
DDT, hexachlorocyclohexane (BHC), chlorinated acetone, and magnesium chloride 
hexachlorate. 

Manufacture of Chloral and DDT 

Arkema’s DDT manufacturing process involved two reaction processes.  First, ethyl 
alcohol was reacted with chlorine and sulfuric acid for a period of 60-70 hours to create 
chloral alcoholate.  The chloral alcoholate was then distilled with 98% sulfuric acid to 
yield chloral, a raw material for the manufacture of DDT. 

Chloral was reacted with chlorobenzene and oleum (fuming sulfuric acid).  The 
resulting crude DDT-chlorobenzene mixture was water washed several times and then 
heated in a dryer.  The resulting DDT was cooled in casting pans until it solidified, and 
then was broken, chilled, crushed, ground, and milled (Chemical Engineering, 1950). 

Arkema’s chloral-DDT processes were started up in July 1947 and operated through 
1954.  Substantial quantities of waste were generated in these manufacturing 
processes.  From 1947 until 1949 these wastes were disposed by discharge to the 
Willamette River.  By April 1948 Arkema had constructed a waste disposal pond near 
the plant to receive the liquid waste streams from the DDT process.  In 1950, the plant 
started up a chlorobenzene recovery for its process wastes.  In 1952, the plant 
expanded the disposal pond by adding a trench extending north by 285 feet.  The plant 
reportedly operated through 1954. 
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Several process changes occurred in Arkema’s production processes during the seven 
years that the plant manufactured chloral and DDT.  The significant process changes 
noted in the available records were: 

● 1947 -manufacturing process residues discharged to river (Integral, 2005) 

●  1948-DDT formulation and packing operation at Tacoma ceased (Wolf, 1995) 

● 1948-1949-manufacturing process residues discharged to pond northeast of 
process building (Integral, 2005).  

● 1949 -- Pacific Coast DDT operations consolidated in Portland by moving 
machinery from Tacoma (Chemical & Engineering News 2/21/49). 

● 1950-Storage and warehouse space expanded to accommodate herbicides and 
insecticides produced at the plant during winter months; (Chemical & Engineering 
News, 1950) 

● 1950-Chlorobenzene recovery unit installed (Integral 2005) 

● 1951-DDT production expanded by 70% (Tacoma News Tribune, 4/27/51) 

● 1954-Final year of operation 

Arkema’s past submittals to DEQ and USEPA did not provide information on either the 
nature or volume of the specific wastes generated from the DDT manufacturing 
operations.   

The November 1950 edition of Chemical Engineering provided a detailed description 
of the Pennsylvania Salt Manufacturing Company’s processes for manufacturing 
chloral and DDT.  The Chemical Engineering article provided a listing of the quantities 
of raw materials per unit of DDT produced.   

Manufacturing 1,000 pounds of DDT required 7,880 lb. of feed materials-360 lb. of 
ethyl alcohol; 1,200 lb. of chlorine; 900 lb. of 98% sulfuric acid; 900 lb. of 
chlorobenzene; 4,500 lb. of 100% sulfuric acid; and 20 lb. of sodium carbonate.  The 
listing of raw materials is incomplete because it does not include the wash waters 
required.  87% of the raw materials fed into the chloral-DDT process ended up as part 
of the several waste streams, with 13% becoming product DDT. 

A number of waste streams can be identified from review of the chloral and DDT 
process flowsheets and the process description.   

1.2.3 Chloral Plant Waste Streams 

The chloral flowsheet identifies three points where wastes were withdrawn from the 
process: 
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1. Chlorinator Drains. The volume, contaminants, and disposition of the liquids being 
drained have not been provided. 

2. Vent Scrubber Discharge.  The chlorinators, scavenger, still, chloral product tanks, 
and recovered alcohol (“tops”) tanks are all shown as venting to a vent scrubber.  
Arkema has provided no information on the materials going to the scrubber or the 
nature and disposition of its effluent. 

3. Waste Acid Tank.    The volume, contaminants, and disposition of the waste acid 
stream have not been provided. 

DDT Manufacturing Waste Streams 

The Portland Plant produced an estimated 50 million pounds of DDT between 1947 
and 1954 (Chemical & Engineering News, 1947, 1949, 1950; Wolf, 1995; Tacoma 
News Tribune, 1951).  The waste streams generated in the DDT process included: 

Acid Wash Water Streams.  The acid wash streams were sources of at least four 
identified COIs to the river and to the groundwater during the DDT plant’s operation:   
p-CBSA, sulfuric acid, monochlorobenzene, and  
1,4-dichlorobenzene.  The wash water used has been estimated to be 3000 to 3300 
gallons per ton of DDT manufactured (Grindley, 1950).  

p-CBSA and Sulfuric Acid.  The p-CBSA byproduct was formed during the 
condensation reaction with the crude DDT.  P-CBSA was freely soluble in the 
process’s waste acid stream, and also in the wash waters that were used to remove 
the acid from the crude DDT.  p-CBSA was associated only with the acid and wash 
streams, not the DDT product.   

A DDT plant produced from 440 to 550 gallons (~4 tons) of spent sulfuric acid per ton 
of DDT produced.  This spent acid contained, by weight, 55 percent sulfuric acid, 20 
percent ethyl hydrogen sulfate, 20-25 percent p-CBSA, and 3-5 percent other organic 
substances and water (Grindley 1950ohlers (1956) provided a similar “typical” analysis 
of the waste acid stream as consisting of “about 72 percent by weight sulfuric acid, 25 
percent by weight p-CBSA and 3 percent by weight miscellaneous materials such as 
water, DDT, and the like”.     

Using these data, each ton of DDT manufactured resulted in the generation of 
between 1200 and 1700 lbs. of p-CBSA.  Based on the historical production rates, the 
Portland DDT plant generated between 30 million and 40 million pounds of p-CBSA. 

Of the total amount of p-CBSA formed, in excess of 99.99 percent was contained in 
and disposed with the spent acid and water wash streams.  The Technical DDT 
product contained less than 0.01 percent of the p-CBSA produced (Grindley, 1950; 
Wohlers, 1956; Haller, 1945).  
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MCB and Dichlorobenzene 

For the first four years (from 1947 until late 1950), the Arkema plant operated without 
MCB recovery facilities.  During this period, these wastes were either discharged to the 
Willamette River or to a disposal pond.  Arkema has attributed the presence of 1,2-
dichlorobenzene and 1,4-dichlorobenzene in acid plant soils to their presence in the 
original MCB (Livermore, 1999). 

Substantial MCB and dichlorobenzenes in the groundwater is a common feature at 
other former DDT manufacturing sites.    Elevated levels of MCB and DCB’s have 
been detected at DDT manufacturing sites operated by Arkema’s predecessor and 
others (USEPA, 1990).   

“Manufacturing Process Residue” (MPR)  

Arkema has described the response actions taken at the Manufacturing Process 
Residue Pond and its overflow trench (Integral, 2006).  However, Arkema has not 
described the volume or nature of the “manufacturing process residue” waste 
produced, the COIs it contained, or how this waste stream may have changed over 
time as the process changed.   

The combined chloral-DDT manufacturing processes generated a number of wastes, 
and Arkema has applied the MPR designation to the combined waste streams, in 
whatever proportions produced. 

Some of the waste streams remain unknown, but MPR at a minimum included: 

● Sulfuric Acid; 

● Chlorobenzene (MCB); 

● 1,2-dichlorobenzene; 

● 1,3-dichlorobenzene; 

● 1,4-dichlorobenzene; 

● p-CBSA; 

● DDX (multiple isomers); 

● Ethyl alcohol; and 

● Chloromethane 

Each ton of DDT generated approximately 7 tons of wastes in Arkema’s process 
(Chemical Engineering, 1950) and 3000-3300 gallons of contaminated wash waters 
(Grindley, 1950).  Based on the estimated DDT production of 25,500 tons over the 
plant’s life, an estimated 175 million pounds of MPR were generated, along with 
another 77 million gallons of contaminated waters used to wash the acidic DDT. 
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Arkema disposed the sulfuric acid, pCBSA, MCB, DDX, and DCB as follows: 

● 1947-all discharged to Willamette River without treatment via an underground pipe; 

● 1948 to 1950 or 1951-Discharged to a pond located between the former DDT 
process building and the Willamette River, northeast of the building; 

● Late 1951 or early 1952 to shutdown (1954)-Continued to discharge to the same 
pond, but the pond’s capacity was expanded by the addition of a trench that 
extended 285 feet to the north (ERM 2005).  This feature is visible in the July 1952 
aerial photograph shown in Figure 1, below.   

The DDT process residue pond and trench appear to have been constructed and 
operated to function as a seepage disposal impoundment.  

 

 

 

 

 

 

 

 

 

 

 

In 1992, during the excavation of an asbestos pit on Lot 1, Arkema encountered a DDT 
waste disposal pit that was distant from the DDT manufacturing area process residue 
pond and trench.  In 1994, 1700 cy of DDT contaminated soils were removed from this 
location and disposed off-site in a RCRA Subtitle C landfill.   

Arkema has not provided the details (reasons, timing, source, etc.) regarding the 
construction of this DDT disposal site on Lot 1 distant from the plant and this missing 
historical information cannot be included in the site’s Conceptual Site Model (CSM).  
CH2M Hill reported that DDT contaminated soil was placed in a trench in the north 
plant area during plant improvement activities in the acid plant area (CH2MHill, 1995).   
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Aerial photographs show that Lots 1 and 2 received a thick layer of dredge spoils 
between 1964 and 1968, and the Lot 1 DDT disposal site was located on top of these 
dredge spoils.  This means the Lot 1 DDT disposal action occurred after 1968.   

Manufacture of Hexachlorocyclohexane (BHC) 

Arkema reportedly made hexachlorocyclohexane (BHC) at the Portland plant during 
1953.  The report does not make clear whether Arkema manufactured or only 
formulated BHC at the Portland plant.  Various BHC/Lindane isomers have been 
detected in environmental media at the site, including groundwater, adjacent 
sediments and riverbank soils, and stormwater (ERM 2005; Peterson, 2008). 

Residues from the manufacture of BHC have been reported to contain substantial 
levels of PCDD/PCDFs (Braga, 2002; USEPA, 2006b). 

Manufacture of Chlorinated Acetone 

Integral (2006) reported that Arkema manufactured a chlorinated acetone defoliant 
product for a few months in the early 1950s.  Arkema has provided no information on 
the nature of the chlorinated acetone process-- product(s), raw materials, waste(s), 
COIs, or waste disposition.  

Acetone has been detected in the site groundwater in the Acid Plant area.   

Manufacture of Magnesium Chloride Hexahydrate 

Magnesium chloride hexahydrate was manufactured from 1952 to 1962 (Integral, 
2006). This defoliant was made by hydrating magnesium chloride, grinding it, and then 
blending it with sodium chlorate.  The process description did not include information 
regarding the potential presence of any COIs or waste COI disposition. 

Other Products Manufactured 

An additional group of products manufactured at Portland included sodium 
orthosilicate, a line of industrial cleaning products, ammonia and ammonium 
hydroxide, hydrochloric acid, and sodium hypochlorite.   

Industrial Cleaners Products   

Arkema started up its industrial cleaning products plant in 1951 (Chemical and 
Engineering News, 1951).  In 1952, the company added the production of the B-K line 
of alkaline cleaners and bottle washing compounds at Portland.  (Chemical and 
Engineering News,1952).  The cleaning products line was described in Integral (2006) 
as consisting of mixtures of sodium orthosilicate with trisodium phosphate, soap, 
paraffin oil, and bentonite clay.  Integral reported that the industrial cleaners product 
line closed in 1980. 
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Arkema has not provided a complete list of the industrial cleaning products 
manufactured, nor a list of the hazardous substances that were used to formulate 
these products.  As an example, the B-K and BryKo trademark registrations stated that 
these products included “cleaning and sanitizing compositions for farm, dairy, 
industrial, commercial, and institutional use” (USPTO, 1954; USPTO, 1964) Sodium 
orthosilicate, bentonite and the other formulants listed in Integral (2006) are not 
sanitizing agents.  However, the chlorinated phenols were historically used as 
disinfectants and antiseptics in cleaning products formulated for home, farm, and 
hospital use (ATSDR, 1999).   

Six chlorophenols have been detected in samples taken from fifteen different 
groundwater wells, and the CSM does not provide any potential source or explanation 
for the presence of these contaminants.   

Ammonia 

The Portland plant began ammonia production in 1955.  The ammonia process 
reacted electrolytic cell hydrogen with nitrogen at high pressure to form ammonia, 
using the Casale process.  The initial production capacity was 6 tons per day 
(Chemical Engineering 1955a, 1955b).  In 1957, the ammonia plant was expanded to 
30 tons per day (Chemical Engineering, 1957b).  The ammonia plant was shut down in 
early 1990.  Arkema has provided no information on the process and any potential 
wastes or waste disposition related to this process.   

Lubricants used in historical gas compression equipment service are known to have 
frequently contained Aroclor 1248 (USEPA, 2004b).  High levels of Aroclor 1248 were 
found to have been in the Arkema Riley boiler fuel oil line after this piping was 
removed in 2002, and the original source of this Aroclor 1248 contamination in the 
plant has not been identified. 

Plant Support Activities 

The Arkema Portland plant also performed a number of additional operations that 
supported the manufacturing activities at the plant.  The support operations included 
supplying the required plant utilities (steam, compressed air, electrical distribution), 
operating a waste incinerator, and other solid waste management activities. 

Boilers 

The Portland plant operated four steam boilers.  The oldest boiler was the Riley unit, 
which burned only fuel oil.  The Riley unit was constructed in 1947 and taken off-line in 
1977 (Ipsen, 2010).  The B&W boiler burned either fuel oil or natural gas.  The G&S 
and FW boilers could burn fuel oil, hydrogen, or natural gas.  The six caustic fusion 
pots also used fuel oil (Earnst, 1971) 
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Riley Boiler   

During demolition activities in November 2001, Arkema drained an oil pipeline that had 
formerly been used to feed fuel oil from the fuel oil tanks to the Riley boiler.  The 
unused fuel oil was placed into the Arkema plant’s waste oil tank.  This unused fuel oil 
was subsequently shipped offsite in December 2001 for reuse by a third party.   

In early 2002, the third party discovered that this fuel oil was contaminated with PCBs.  
Residues in the fuel oil tank at Arkema were then tested and found to contain 1400 
ppm of Aroclor 1248.  Arkema was subsequently cited by USEPA for the improper 
storage and disposal of PCBs (Ipsen, 2010) 

By the time USEPA conducted its site inspection in February 2002, Arkema had 
shipped the fuel oil feed piping off-site for metal reclamation.  Arkema provided a hand 
drawn sketch showing that all of four the boilers were fed from the fuel oil tanks by a 
common supply line.  The six caustic fuel pots were likely also provided fuel oil from 
this distribution system.  No soil sampling has been conducted in the area where the 
pipelines or boilers had formerly been located.  

The PCB contaminant detected in the waste oil fuel tank was Aroclor 1248.  DEQ, 
EPA, and Monsanto have provided the common historical uses of Aroclor 1248 
including: hydraulic fluids, compressors, lubricants, and vacuum pumps, particularly in 
services where fire resistance is a consideration.1  

Although Aroclor 1248 has been widely detected in the Arkema site’s environmental 
media samples, Arkema has not identified the source for Aroclor 1248. 

Arkema Historic Waste Oil Management Practices.  One possible source of the Aroclor 
1248 in the Riley fuel oil feed stream is the on-site recycling of used oil from 
maintenance of heat transfer, hydraulic, and lubrication equipment.  The Arkema plant 
had several potential used oil sources that could have contributed  

● Aroclor 1248. 

● At least two air compressors; 

                                                 

1 Monsanto, “The Aroclor Compounds”, May 1960, applications where the use of oil would create a fire hazard; oil for 

vacuum pumps; high pressure lubricant additive (up to 15%); submerged lubrication applications; rubber plasticizer; 

Papageorge, W.B (Monsanto) letter to Blake Biles (USEPA), 11/10/75, Hydraulics/Lubricants, Heat transfer fluids; 

USEPA, PCBs in the United States Industrial Use and Environmental Distribution, EPA 56-/6-76-005, February 25, 

1976, hydraulic fluids, vacuum pumps, plasticizer for rubbers, plasticizer for synthetic rubber, adhesives; USEPA, 

PCB Inspection Manual, August 2004, turbine compressors, reciprocating air compressors 

DEQ, “Fact Sheet: Sources of Polychlorinated Biphenyls”, 8/6/03, hydraulic Fluids, vacuum pumps, rubbers, polyvinyl 

chloride, epoxy resins. 
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● Hydrogen compressor(s);  

● Nitrogen compressor(s) 

● Hydraulic systems (from raw materials or product handling) 

● Maintenance shops  

In 2000 Arkema reported that for at least the last 25 or 30 years, used oil had been 
hauled off by commercial oil recyclers.  Before this time, the plant’s used oil was either 
placed back into the fuel tanks or was hauled to St. Johns Landfill (Patterson, 2000). 

The records suggest that used oils were not taken off-site for reclamation until well 
after 1971-perhaps as late as the 1990s.  Arkema’s 1978 Waste Disposal Site Survey 
submitted to House Subcommittee on Oversight and Investigations did not report that 
used oils were being taken offsite for disposal or recycling (Eckhart 1979) Likewise, 
Arkema did not report a used oil stream in either its 1980 RCRA Part A filing or its 
1981 revised filing.   

DEQ reported that Arkema’s used oil was being separated for off-site recycling in 1995 
and also identified the location of the used oil tank (DEQ 1995). The used oil tank does 
not appear in aerial photographs before 1990, and the used oil tank similarly does not 
appear in Pennwalt’s plant area drawings dated 1980 and 1989 (Pennwalt 1980, 
1989).  Thus, waste oil does not appear to have been managed separately from the 
fuel oil system prior to 1990 for most the plant’s operating history.  

Arkema’s response to the EPA Notice of Violation regarding the Riley boiler feed 
piping violation did not explain how the plant’s fuel oil supply had become 
contaminated (1400 ppm of Aroclor 1248) or the duration that the plant fuel oil 
feedstock had contained PCBs.     

On-Site Solid Waste Management 

The past on-site waste management practices at the plant included the operation of an 
incinerator during parts of the 1960s and 1970s and the operation of a plant “dump” 
and burn areas in the 1960s and possibly earlier. 

Plant Incinerator 

The Portland plant operated a waste incinerator during at least the 1960s and early 
1970s (Earnst, 1971; Bureau of Fire, 1965b).  The unit burned about 5 yards/day of 
material, including oxidizer contaminated waste paper, paper sacks, and wood (Earnst, 
1971). 

The incinerator’s use in 1971 was reportedly limited to 100 tons per year (Earnst, 
1971).   
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Aerial photographs show that the incinerator was located on the southern portion of 
Lot 2, north and east of the new Chlorine Cell Room.  The incinerator is the smoking 
stack in Figure 2 below (aerial photograph March 11, 1969). Arkema has not disclosed 
the nature of waste burned and disposition of the ash produced by the incinerator.  
PCDD and PCDF are known to be present in ash from trash-burning incinerators and 
in their air emissions (Webster, 1994).  

Aerial photographs show that a large area with changing amounts of disturbed soils, 
mounding and spare equipment surrounded the incinerator’s location (Figure 3, aerial 
photograph March 1974).  A nearby road provided access to the river shoreline.  
Arkema has not fully explained the nature and location of its waste management 
activities. 

 

 

 

 

 

 

 

 

 

 

Figure 2.  Arkema incinerator on March 11, 1969 
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Figure 3.  March, 1974-Arkema incinerator 

 

Plant “Dump”/Burning Area(s) 

The Bureau of Fire inspection reports document complaints regarding open burning of 
dumps at the Arkema plant from 1964 and 1965 (Bureau of Fire, 1964).  The Portland 
plant likely disposed of its wastes through on-site dumps and burns areas from the 
time the plan operations began in the 1940’s.  Landfill fires and open burning are 
known to generate PCDD/PCDFs (TriData, 2002).The uncontrolled combustion of 
industrial wastes such as waste oils and chlorinated hydrocarbons would also be a 
potential source of dioxins. 

The site history and CSM do not include information regarding plant dump(s) and burn 
areas.  Many disturbed areas may be seen on the north side of the plant and along the 
river in historical aerial photographs.  Aerial photographs show that virtually all of the 
Arkema property has undergone soil disturbances and material disposal between 1942 
and 1980 when RCRA became effective.     

Dredge Fill 

An Arkema summary of past dredging fill activities (Integral, 2006) and historical aerial 
photographs show that dredged materials have been placed on the Arkema property at 
least five times since the 1940s.    
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September 1948 to July 1951-An area of dredged materials appeared along the 
western edge of Lots 1 and 2, extending the western edge of these properties into 
area former occupied by Doane Lake.   

July 1951 to August 1955-Between 1952 and 1955 a dike was constructed along the 
northwest boundary of Doane Lake (where Front Avenue is now located) to contain 
dredge fill materials.  Dredged materials were placed on the eastern one-third of Lots 1 
and 2 between 1952 and 1955, and on the southern portions of Lot 2 in 1955.  Solid 
waste disposal areas visible on Lot 2 and northern Lot 3 in the 1951 aerial photograph 
were covered by dredged materials by 1955.  Integral reported that the Port of 
Portland in cooperation with USACE placed dredged materials onto Lots 1 and 2 in 
1953 (Integral, 2006). 

September 1955 to May 1957-Additional dredged materials were applied to eastern 
part of Lots 1 and 2, and the southern part of Lot 2.  A large volume of dredged 
materials was placed along the shoreline in the southeastern corner of Lot 4, 
extending the Arkema property into the river.  Arkema dredged two areas in 1956 to 
accommodate dock construction, and placed this material at the southeast corner of 
the Lot 4 (Integral, 2006)  

 Integral does not mention material being placed on Lots 1 and 2 during this time 
period.  The dredged materials appeared on Lots 1 and 2 may have been excess 
materials generated in the reported dock area dredging project. 

February 1966 to 1968-A very large volume of dredged materials was applied to the 
entirety of Lots 1 and 2.  Arkema does not describe this fill event or its source in 
Integral 2006. 

Integral 2006 states that small volume dredging permits (500 to 1000 cy) were issued 
in 1977, 1984, and 1993, but notes that these dredging events may not have taken 
place.  Aerial photographs during these time periods do not appear to show substantial 
new placements of dredging materials. 

Successive dredged material placement events covered with a layer of fill the areas of 
solid waste disposal areas occurring prior to 1968 on Lots 1 and 2 along the river.  
While historical soil disturbances indicative of disposal activities are visible on pre-
1968 aerial photographs, these activities have not been documented or investigated, 
and are not visible from the surface today. 

In addition to the dredging materials placement on the Arkema property, fill was 
periodically placed along the western edge of Lots 1 and 2 (along the current Front 
Avenue and then onto the property west of Lots 1 and 2).  This fill placement gradually 
moved the eastern Doane Lake shoreline westward.  This process started with a 
placement in the late 1940s.  In 1957, additional gradual filling of southeastern Doane 
Lake started after a major fill placement on Arkema’s Lots 1 and 2 and the Lot 4 
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shoreline.  More rapid filling of Doane Lake took place between 1966 and 1974, 
coincident with and following another major dredge fill placement on Arkema Lots 1 
and 2.  Minor fill placement continued through the late 1970s, with Doane Lake being 
largely filled before 1980. 

Waste Disposal 

Prior to 1971 cell wash materials were discharged directly to the Willamette River.  In 
approximately 1971, Pennwalt constructed a collection pond to receive diaphragm 
asbestos wastes to reduce the quantity of solids before discharge to the River.   

Before May 21, 1976, Arkema operated six outfalls to the River.  After May 21, 1976, 
the six outfalls were replaced by four new outfalls, each receiving untreated 
wastewater and stormwater (Earnst, 1976).   
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From about 1975 to 1990, Arkema disposed of asbestos diaphragm material from the 
chlorine cells by washing the asbestos diaphragm materials into two new earthen 
ponds located just east of the new chlorine cell room (Integral, 2006).  These materials 
were periodically slurried and transferred from the two ponds into a third surface pond 
(“River Bank Asbestos Pond”) on Lot 2.  When the River Bank Asbestos Pond was 
dredged, the material was disposed into approximately twelve trenches on the 
northern portion of the property, approximately 60 feet long by 15 feet wide by 15 feet 
deep, on Lot 1 as shown on Figure 4, above, and Figure 5.  In 1992, Atochem 
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decommissioned the River Bank Asbestos Pond, and excavated this pond and the Lot 
1 trenches containing asbestos residue (ERM, 2005).   

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.  Lots 1 and 2 Areas Excavated 

 In 1992, Arkema discovered a trench containing DDT residue on the northern portion 
of the property on Lot 1 as shown in Figures 4 and 5.  The trench was approximately 
80 feet long by 30 feet wide by 10 to 11 feet deep.  Arkema excavated the DDT trench 
in 1994 (ERM, 2005). 

Aerial photographs show that on site waste disposal activities occurred on all four lots, 
but their development seemed to progress to the north with the passage of time and as 
the plant expanded in this direction.  The March 1974 aerial photograph shows a third 
unidentified waste management area larger than the combined area of the former 
River Bank Asbestos Pond and the Former River Bank Brine Residue Pond. This 
waste management area first appeared during the early 1960s and continued to exist 
with varying appearances until the about 1980.  The BPA Substation Annex and 
contractor parking lots appear to be constructed over the western two thirds of this 
area and a Brine Residue Pile appeared in 1980 over its western-most extent.  Figure 
6, below, shows the progression of these major Lot 2 solid waste management areas 
after 1963. 
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Figure 6.  Progression of Major Lot 2 Solid Waste Management Areas 

 

Electrical Equipment Operation and Maintenance 

A large electrochemical facility requires large amounts of electricity service 
requirements involved that requires the use of many oil filled electrical devices 
including transformers, switches, capacitors, and rectifiers. 

Oil Filled Equipment.  On June 5, 2002 Arkema responded to a DEQ request to 
provide its historical records on PCBs used at the Portland plant.(Patterson, 2002). 
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PCB Inventory 1981 to 2001-Arkema provided a spreadsheet of transformers and 
capacitors formerly in use between 1981 and 2001, and the quantities and 
concentrations of PCBs in each.   

PCBs Before 1981-Arkema stated that the plant did not keep records of historical 
locations of electrical equipment.  Since this was the primary period for PCB usage, it 
is a sizable data gap. 

Non-Electrical PCBs Usage.  The Arkema PCB Inventory did not include any non-
electrical equipment. 

Rectifiers.  Mercury arc rectifiers are typically installed near each cell area to supply 
direct current of the proper voltage/amperage required by chlor-alkali operation 
(Chemical Engineering, 1947) 
 
Arkema maintained stocks of mercury at the site to service these rectifiers.  Records 
documented a past mercury spill in the electronic technicians room,  the potential for 
releases from uncovered glass containers being stored without secondary 
containment, and citations for improperly storing mercury (Wausau, 1987; Jones, 
1989). 

1.3 Site Investigations and Adequacy 

1.3.1 Extent of Past Investigations 

Arkema has completed numerous investigation reports regarding the Arkema site over 
the past twenty years.  Many of the studies performed had narrow targeted analyte 
lists or narrowly defined investigation areas.  The past studies have included 
investigations (or groups of investigations) of the following areas (ERM, 2005).  
Arkema studies have been limited in scope, limited in target analyte lists, and did not 
use methods with detection limits appropriate for comparison to current screening level 
values. 

Acid Plant Area 

Arkema focused investigation of the Acid Plant area on analysis of DDT and MCB in 
soil, groundwater, and shoreline sediments.  The Acid Plant studies have been limited 
to the area near the former DDT manufacturing location, the acid plant waste pit and 
trench, and the area extending westward to the Willamette River.  Because both 
DNAPL and very deep contamination have been found, the top four water-bearing 
zones have been tested, in addition to soils.  However, only one well was constructed 
into the basalt zone and that well was subsequently abandoned. 
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Chlorine Caustic Plant  

Chlorate Plant Area 

Arkema focused investigation of the Chlorate Plant on analysis of hexavalent 
chromium and perchlorate in soils and groundwater.  The Chlorate Plant studies have 
been limited to an area bounded by the former chlorate cell room on the east, 
extending to near the Willamette River on the west.  The study area is bounded on the 
north by the Acid Plant study area. 

Storm Water Drain Sampling 

Arkema performed five stormwater studies between 2004 and 2008.  The analytical 
programs for each program have varied, but generally focused on 4,4’-DDT, PAHs, 
perchlorate, and chromium.  Additional studies have been conducted by the City of 
Portland on stormwater sewers located just west of the plant, along NW Front Avenue.  
The City of Portland reported substantial concentrations of 4,4’-DDT, Aroclor 1260, 
beta-BHC, and other pesticides in catch basin solids located near Front Avenue, and 
requested that Arkema remove its connections to City Outfall 22B.  The Lower 
Willamette Group analyzed the stormwater solids (22B) and found significant 
concentrations of total PCB congeners and mercury (Sanders, 2005; McClincy, 2006b; 
Struck 2009).  Dry weather flows to Arkema’s Outfall 004 reportedly contained a 
variety of pesticides (including DDX and BHC isomers), pentachlorophenol, 
hexachlorobutadiene, chloroform, tetrachloroethylene, and trichloroethylene (Integral; 
2007) 

Lots 1 and 2 Brine Mud, Asbestos, and DDT Trench Disposal Sites 

The River Bank Asbestos Pond was excavated in 1992.  The extent of the excavation 
was controlled by visible asbestos materials.  Arkema performed no testing for any 
hazardous substances.  The former Brine Residue Pile and the River Bank Brine 
Residue Pond were excavated in 1989 and 1992, respectively.  The extent of 
excavation was controlled by visible waste presence.  Arkema performed no testing for 
any hazardous substances.  Post-excavation testing of the Lot 1 DDT Trench showed 
that the soil walls and bottom samples all contained 1.8 ppm of DDT or less.  MCB 
was also detected in these soils but was reported to not exceed Oregon’s soil cleanup 
levels (ERM 2003).  Lot 1 and 2 soil sampling has generally included partial suites of 
metals and organochlorine pesticides, with some samples also tested for PAHs or 
SVOCs.  Arkema testing on Lots 1 and 2 has focused on the asbestos pit, the brine 
sludge pit and DDT trench.  Most other Lot 1 and 2 samples have been surface soil 
composite samples.  Arkema has conducted only limited groundwater sampling on 
Lots 1 and 2 and the northern portion of Lot 3.  
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Riverbank and Beach Sampling 

Arkema analyzed organochlorine pesticides, VOCs, PAHs, SVOCs (surface) and four 
metals (Cd, Cr, Pb, and Zn) in approximately 25 surface or near-surface samples were 
taken, in three sampling events over ten years, on the river bank and beach 
downstream of the Acid Plant. 

DEQ issued comments to the Draft Erodible Soils SCE in which they completely 
disagreed with the conclusions presented in the Draft SCE (DEQ, 2009). DEQ 
indicated that the entire Arkema riverbank is a high priority for source control and that 
DEQ reserves the assignment of a low priority for upland sources to media that contain 
contaminants at levels less than the DEQ/EPA JSCS SLVs (DEQ, 2009). 

Sediment Sampling 

Arkema’s sediment analysis focused on organochlorine pesticides, VOCs, SVOCs, 
and a limited set of metals.  The area tested focused on the dock area and the 
sediment with 400 feet of the shoreline of the river.  

In addition to Arkema’s sediment sampling, the Lower Willamette Group (LWG) has 
collected samples in the vicinity of the Arkema plant.  These LWG samples were 
tested for a broad suite of analytes. 

Arkema performed several additional studies that generally involved only a few 
analytes and limited surface soil, groundwater or other samples. 

Old Caustic Tank Farm 

Surface soil composite samples were tested for caustic, TPH, and DDX pesticides 
(due to proximity to Acid Plant), with the DDX results ranging up to 32,000.  Samples 
tested for metals (chromium, lead, and cadmium, only) found only low or nondetected 
levels.  PCB and VOC sample results were tested with detection limits for PCB 
samples ranging up to 6700 ppm, and the detection limits to VOCs ranging up to 1500 
ppb (ERM 2004) 

Transformer Pad Concrete Sampling 

Concrete chip samples were tested for a single specified Aroclor PCB product at 
locations where transformers had been located when the plant closed. 

Ammonia Plant 

Two groundwater samples were tested for ammonia. 
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Bonneville Power Administration Substation 

Surface and subsurface soil samples within the substation were tested for PCBs and 
total petroleum hydrocarbons.  Based on these samples, 157.5 tons of soils were 
removed.  Confirmed levels of PCBs ranged up to 11 ppm of PCBs in the excavated 
soils (Bonneville, 2002) 

Interim Actions/Remediation 

Over the past two decades, Arkema has completed a number of interim or final 
remedial actions, and have pilot tested in situ treatment response actions.   

Brine Residue Pile 

In February 1989, brine muds were excavated from the Brine Residue Pile on Lot 2 
and disposed of at an offsite commercial landfill.  These brine muds came from the 
treatment of solar salt prior to its use in the chlorine and chlorates process.  The total 
volume removed was not reported.  Visual inspection was used to confirm the 
completeness of the brine muds removal. 

Brine Residue Pond 

In August 1992, brine muds were excavated from the River Bank Brine Residue Pond 
on Lot 2 and disposed of at an offsite commercial landfill.  The brine muds came from 
the treatment of solar salt prior to its use in the chlorine and chlorates process.  The 
total volume removed was not reported. Visual inspection was used to confirm all brine 
sludge had been removed.  Arkema estimated 14,000 cy of brine muds were in 
storage in these two areas and sought DEQ’s permission to remove at least 3,000-
4,000 cy.)  (Patterson, 1988). 

Asbestos Trenches and Pond 

In 1992, Arkema removed the asbestos from the two ponds located on Lot 3 near the 
new chlorine cell room, from the River Bank Asbestos Pond located on Lot 2, and also 
from a series of 12 disposal trenches located on Lot 1.  All of the material removed 
(12,689 cy) was shipped to an off-site commercial landfill.  Visual inspection was used 
to confirm that all asbestos materials had been removed.  

DDT Trench 

In 2004, Arkema excavated the DDT Trench located on Lot 1 that had been found to 
contain DDT wastes.  Soil samples tested during excavation ranged up to 16,000 ppm 
of DDX.  Post-excavation sampling confirmed that residual DDX levels were 1.8 ppm 
or less.  Other pesticides and herbicides were not detected in the soil confirmation 
samples.  Two post excavation soil samples were tested for VOCs and PCBs, with all 
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analytes being not detected except for 1,4-DCB at 5.1 µg/kg in one sample (CH2M 
Hill, 1995).  

Acid Plant Excavation (Phases I and II) 

In 1999 (Phase I), approximately 3800 tons of soil were excavated from the acid plant 
area near the former MPR pond and overflow trench.  In 2001 (Phase II), an additional 
915 tons of soil were excavated from “Area D” near the former acid plant.  A DDT soil 
screening value of 1,200 ppm was used to guide the excavation design.  The 
RSL/JSCS SLV for DDT in soils is 7,000 ug/kg/62.9 ug/kg.  Significant concentrations 
of DDX, MCB, chlorinated hydrocarbons, and other contaminants remained in the area 
soils after the completion of these removal actions.  No results were reported from 
analyses of the excavated materials or of the post-excavation soil surface(s). 

In Situ Sodium Persulfate Pilot Study 

In September 2005, Arkema performed test injections of persulfate for the purpose of 
reducing the quantity of MCB in the Acid plant area soils. 

Air Sparging 

In December 2004, Arkema started up an air sparging system designed to remove 
MCB from soils in the acid plant area, and this system was operated until June 2006.  
The system was shut down at that time because significant accumulations of DNAPL 
had been found, and air sparging was considered to be ineffective against such high 
concentrations of hydrocarbons. 

Calcium Polysulfide Injection 

In July 2005 and in November 2005, calcium polysulfide was injected in the area west 
of the chlorate plant.  The purpose of these injections was to reduce the groundwater 
concentrations of hexavalent chromium. 

Data Gaps 

Remedial investigation and response studies should be guided by a detailed and well-
informed Conceptual Site Model (CSM) of all known or suspected sources of 
contamination and contaminants transport pathways. 

The Arkema Portland CSM has failed to adequately incorporate site history and 
operational information in its development by omitting the four largest historical waste 
streams and millions of pounds of mobile and toxic wastes.  A number of products 
manufactured at the plant have not been disclosed, and their processes, raw 
materials, intermediates and wastes remain unknown.  No assessment has been 
conducted of the numerous other historical disposal activities such as the onsite 
incinerators, landfills and burn pits.   
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Apparent CSM omissions 

Omitted major waste streams.  Arkema’s CSM omitted historic waste generation 
activities other than chlor-alkali brine sludge and asbestos wastes and the existence of 
the DDT MPR waste stream.  Based on the waste evaluations presented above, 
millions of pounds of historical process wastes have been omitted from the site history 
including the following: 

Chlorine-caustic chlorinated hydrocarbon wastes, chloroform, carbon tetrachloride, 
HCE, HCB, HCBD, VOC’s (TCE, DCE, PCE), octachlorostyrene, phthalates-more than 
5 million lb (>450,000 gallons). The generation and disposal of this chlorine 
condensate chlorinated hydrocarbon stream was not considered in the development of 
the CSM.  DEQ noted this omission, at least as to the VOCs portion of the chlorinated 
hydrocarbon waste: 

These chlorinated hydrocarbons were detected monitoring wells (MWA-61 and MWA-
67si) directly downgradient of the chlorine processing area (McClincy, 2006a).  The 
chlorine processing area(s) is likely where most of the potentially 5 million pounds of 
chlorinated hydrocarbons were released. 

Chlorine-caustic graphite anode sludge and rubble: Lead, asbestos, metals, 
PCDD/PCDFs, chlorinated hydrocarbons > 5 million lbs 

Chlorate graphite anode wastes: lead, chromate, PCDD/PCDFs–18,000,000 lbs 

Chlorate filter sludge: chromate, metals, PCDD/PCDFs–325,000 lbs. 

Chlorine-caustic and chlorate heavy metals discharges: arsenic, chromium, copper, 
lead, nickel, zinc->600,000 lb 

DDT MPR wastes: monochlorobenzene, p-CBSA, sulfuric acid, chloral, 
dichlorobenzene, DDX isomers, ethyl hydrogen sulfate, chloromethane–175,000,000 
lbs (including ~37,000,000 lbs of p-CBSA) 

Acidic DDT product wash waters: monochlorobenzene, p-CBSA, sulfuric acid, chloral, 
dichlorobenzene, DDX isomers, ethoyl hydrogen sulfate, chloromethane-77,000,000 
gallons 

Omitted waste management activities.  The CSM omitted numerous historical waste 
treatment, storage and disposal activities including activities that occurred before and 
after the dredged material was placed on Lots 1 and 2, undisclosed waste incineration 
and lead recovery furnaces, undisclosed waste sources and open burning of waste 
dumps.  The major streams and constituents not considered in the CSM are tabulated 
in Table 3. 
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Operation of pot furnaces for lead reclamation-heavy metals including lead; PCDD/Fs 
(location unknown). 

Onsite burning of waste oil and associated PCB contamination-widespread 
spillage/distribution of spilled oil; potential PCDD/F source 

Historic operation of a waste incinerator-atmospheric deposition and disposal of 
incinerator ash containing PCDD/F 

Mercury storage management and disposal–used in electrolytic cell rectifiers. 

Routine operational wastes from the historical plant operations have not been 
disclosed, including such streams as caustic filter wastes, spent sulfuric acid wastes, 
scrubber wastes, sulfate purge streams, compressor maintenance wastes, etc. 

Past on-site dump(s) and open waste burning-contaminants and volume unknown; 
disposal locations and dates unknown; potential impacts to all media/locations and all 
site contaminants; impact not  limited to surface soils due to property fill events over 
past onsite disposal.  Past PCDD/F source. 

Nature and COIs present in the unidentified waste management area located north of 
the chlorine cell room.  Figure 6, above, provides thumbnail images of the 
development of this waste management area from 1963 through 1980.   

Omitted industrial cleaners product lines.  Information is needed to inform the CSM 
about the alkaline industrial cleaners manufacturing plant, its location, its specific 
products, their raw materials, and wastes.  

Omitted BHC manufacturing.  Information is needed to inform the CSM about the BHC 
plant, its location, products, raw materials, intermediates, and wastes.   

Omitted chlorinated acetone process.  Information is needed to inform the CSM about 
the identity of the “chlorinated acetone product”, its location, raw materials, 
intermediates, and wastes.     

Omitted potassium chloride salt information.  Information is necessary on how the KCl 
salt was received and stored, how its brine was treated, how the product was 
filtered/handled, and/or the quantities and disposition of all of the wastes that were 
generated in the process. 

Omitted flow pathways.  Descriptions of historical trenches, sumps, sewer paths, and 
ditch routes that historically transported significant wastes (graphite anode cell wash, 
chlorinated hydrocarbon wastes, etc.) from their points of generation to the disposal 
ponds and then to the river and the duration of each pathway/route and waste 
contained. 
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Process information.  Descriptions of the processes used to manufacture the plant’s 
products, particularly the generation of significant waste streams.  For example, 
Arkema has not provided information regarding the composition and quantity of the 
DDT “MPR stream, the chlorine processing system that removed the chlorinated 
hydrocarbon stream from the chlorine gas, and the treatment process to remove the 
organic compounds and undesirable color from the caustic product, and the disposition 
of the associated waste materials. 

Aroclor 1248 Source. The presence of 1400 ppm of Aroclor 1248 in the 1970s fuel oil 
supply indicates that one or more significant historical process (non-electrical) uses 
existed for the product.  Significant amounts of fuel oil were released during the 1960s 
and 1970s, as documented in the fire inspection records.  Site investigations have 
found Aroclor 1248 to be present in Lots 1 and 2 surface samples, in soil sampled for 
the stormwater studies, and in the riparian soil samples.   

Chlorophenols Source.  Six different chlorophenols have been detected in Arkema’s 
groundwater monitoring wells located on Lots 3 and 4.  The detected chlorophenols 
included 2-chlorophenol (thirteen wells), 3- and 4-chlorophenol (ten wells), 2,4-
dichlorophenol (six wells), 2,4,5-trichlorophenol (one well), 2,4,6-trichlorophenol (four 
wells), and pentachlorophenol (three wells).   

Despite this widespread presence, no source has been identified.  Exponent (1999) 
broadly attributed the presence of “SVOC constituents” in groundwater to “process 
chemicals or their degradation” but Exponent did not identify the specific process 
chemicals involved. 

Operational history errors 

New (Diamond) Cell Room operated with graphite anodes rather than metal anodes 
for its first 10-11 years (until 1973) 

Gibbs chlorine cells operated until at least 1973 rather than 1971 

Ammonium perchlorate plant operated until 1965 rather than 1962 
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Table 3.  Major Waste Streams Not Considered in CSM 

Waste Stream Constituents 

Chlorine Plant-Graphite Anode 
Sludge and Rubble (1947-1973) 

Lead, PCDD/PCDFs, OCS, Asbestos, 
Polychlorinated naphthalenes 

Chlorine Plant-Graphite Anode 
Chlorinated Hydrocarbons Waste 
(1947-1973) 

Chloroform 

Carbon tetrachloride 

Hexachloroethane 

Hexachlorobenzene 

Hexachlorobutadiene 

Pentachloroethane 

Trichloroethylene 

Tetrachloroethylene 

Dichloroethylene 

1,1,2,2-Tetrachloroethane (Acetylene 
Tetrachloride) 

Octachlorostyrene 

Others* 

Chlorate Plant-Chlorate Filter 
Sludge (1942-1990) 

Chromium, PCDD/PCDF 

Chlorate Plant-Spent Graphite 
Anodes (1942-1974) 

Lead, Chromium, PCDD/PCDF 

Chlor-Alkali Effluent Streams Toxic metals (arsenic, lead, nickel, zinc) 

DDT-Manufacturing Process 
Residue (1947-1954) 

p-CBSA 

Used Sulfuric Acid 

Ethyl Hydrogen Sulfate,  

Chlorobenzene, Dichlorobenzene, (1,2 DCB, 
1,3 DCB, 1,4 DCB) 

DDX (multiple isomers),  

Ethyl Alcohol,  

Chloromethane,   

Chloral,  

Other 

Acidic DDT Product Wash Water 

Waste Oil (1942-1991) PCDD/PCDFs, PCBs, Lead 

Other Products BHC, chlorinated acetone, chlorophenols 

Other Support Operations Mercury, lead 

Incinerator, Burn Pits PCDD/PCDFs, PCBs, Lead  

 
* Note: including benzene, 1,2-dichloroethane, 1,1,1-trichlorethane, 2,6-dinitroluene, methylene chloride, 
bromoform, dichlorobromomethane, chlorodibromomethane, bis(2-ethylhexyl)phthalate, di-n-butyl 
phthalate, and toluene (USEPA 1980) 
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1.4 Constituents of Interest 

1.4.1 Identified Arkema Constituents of Interest (COIs) 

The historical Arkema processes and process wastes involved the production or use 
of a total of at least ninety chemical substances.  These ninety substances are listed 
in Table 4, and are grouped by the source process(es).  This summary does not 
include chemicals potentially related to production of a number of other products, 
including chlorinated acetone, BHC, and cleaning products because of the absence 
of historical information regarding these products. 

Arkema’s investigation has attempted to treat Lots 1 and 2 as a separate property 
from Lots 3 and 4.  However the site history indicates that the COIs are substantially 
identical for Lots 1-4.  The site history has included many years of generating 
wastes on Lots 3 and 4 and moving the wastes to Lots 1 and 2 for disposal.  
Additionally, large volumes of dredged materials have been placed on Lots 1 and 2 
and the southeastern corner of Lot 4.  Only limited information is available regarding 
the sources of the dredged materials.  However, the materials placed during the 
1955-1957 time period were removed from areas near Arkema’s discharge pipes 
and shoreline disposal at Lots 3 and 4 to facilitate Arkema’s construction of a dock in 
those areas.   

Lots 1 and 2 COIs. 

Historical aerial photography shows that the plant disposed of wastes along the river 
bank and in the open area north of the plant operations.  In a 1951 aerial 
photograph, for example, several areas of disturbed soils and surface deposits 
existed in the northern Lot 3 and southern Lot 2 areas (see Figure 4).  These areas 
expanded in the 1952 aerial photographs, before being covered by a layer of 
dredged materials in 1956.  The dredged materials came from the area of a new 
dock that Arkema constructed at this time. 

In 1963, a new waste management area appeared in southwestern Lot 2.  This area 
was covered over by placement of dredge materials in the mid-1960s. This waste 
management area was soon re-established and enlarged.  This area appeared to 
have become flooded by 1974.  The appearance of the area changed through the 
late 1970s until the waste management area was covered over and the BPA 
Substation Annex and a contractor parking lot was constructed partially over this 
location.  By January 1980, a new Brine Residue Pile had been constructed over the 
eastern portion of the site. 

Approximately ten other areas of soil disturbance or apparent disposal may be 
observed by reviewing the historical photographs.  These areas extend from the 



 
 
 

   
 11/16/10 Page 43 

 

northern portion of Lot 1 down to the area where Lots 2 and 3 meet.  Only two of 
these areas are known to have been investigated. 

In addition to these observed areas, piles of soil appear in many of the photographs.  
Much of the plant site is now known to have been contaminated since as early as 
the DDT plant operation (1947-1954).  Excavations would have been required to 
construct the new buildings and facilities.  At least some of the soil piles in these 
aerial photographs are likely from on site excavation for construction activities. 

During the 1950 through 1970’s, Arkema’s development strategy evident in aerial 
photographs was to raise the ground elevation of Lots 1 and 2 with fill.  The 
chloralkali and DDT processes generated significant amounts of waste.  Arkema has 
provided no evidence that these wastes were disposed offsite other than wastes 
disposed by discharge to the River. Asbestos and brine mud wastes disposed on 
Lots 1 and 2 would contain some amount of virtually all of the chlor-alkali COIs.  
DDT wastes have previously been found on Lot 1, and no testing has been 
performed to ensure that other similar deposits of DDT wastes are not present.   

Lots 3 and 4 and Tract A  

The COIs contained in Table 4 were all handled on Lots 3 and 4.  The COIs in Table 
4 are also potentially present on Lots 1 and 2. 

1.4.2 Constituents of Interest-Overlap with Rhone Poulenc COIs 

The Rhone Poulenc site has a number of constituents of interest that are common 
with COIs present at the Arkema site.  The Rhone Poulenc list of COIs includes the 
following hazardous substances (DEQ, 2010): 

● Benzene 

● 1,2-Dichlorobenzene1 

● 1,3 DCB 

● 1,4 DCB 

● Ethylbenzene 

● MCPA 

● Methylene chloride3 

● PCDD/PCDF 

● Toluene3 

● Trichlorethylene3 

● Xylenes1,3 

● (Herbicides and chlorophenols are not Arkema COIs) 
1  Substance which appears on the Arkema Lots 1 and 2 COI list 
3  Substance which appears on the Arkema lots 3 and 4 COI list 
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1.4.3 COIs Not Tested For that Likely Overlap With Rhone-Poulenc COIs 

Table 4.  Arkema Process-Related Chemicals of Interest 

Chemicals of Interest (COIs) Reason for 
Inclusion 

COI 
Lots 1/2? 

COI 
Lots 3/4? 

RP COI? 

P
rim

ar
y 

P
ro

du
ct

s 

Primary Products  

      

1 Caustic Basic product Yes Yes  

2 Sodium chlorate Basic product Yes Yes  

3 Potassium chlorate Basic product Yes Yes  

4 Ammonium perchlorate Basic product Unknown Yes  

5 DDT   (1,1,1-Trichloro-2,2-
bis-(4-chlorophenyl)ethane) 

Basic Product  Yes Yes  

6 Ammonia Basic product Unknown Yes  

7 Hexachlorobenzene (BHC) Basic product Unknown Yes  

8 Chlorinated acetone(s) Basic product Unknown Yes  

9 Hydrochloric Acid Basic product Unknown Yes  

10 Sodium Hypochlorite Basic product Unknown Yes  

11 Cleaning Products (generic) Basic product Unknown Yes  
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Chlor-Alkali Processes’ Raw Materials, Intermediates, and Wastes  

      

12 Sodium chloride Raw material Yes Yes  

13 Potassium chloride Raw material Yes Yes  

14 Asbestos Raw material Yes Yes  

15 Petroleum hydrocarbons Fuel oil, Linseed oil, Compressor oils Yes Yes  

16 Sulfuric Acid Nash compressors, chlorine processing  Yes Yes  

17 Chloroform Chlorine cell rooms, chlorate cell room, 
chlorine processing, caustic filters, used 
asbestos, graphite anode sludge and rubble, 
chlorine and chlorate cell wash wastes, spent 
graphite anodes/graphite sludge, brine muds 

Yes Yes  

18 Carbon Tetrachloride Same as chloroform, snift gas processing? Yes Yes  

19 Hexachloroethane Chlorine cell rooms, chlorine processing, 
caustic filters, used asbestos, graphite anode 
sludge and rubble, chlorine, brine muds 

Yes Yes  

20 Pentachloroethane Same as hexachloroethane Yes Yes  

21 Trichloroethylene Same as hexachloroethane Yes Yes Yes 

22 Tetrachloroethylene Same as hexachloroethane Yes Yes  

23 1,1,2,2-Tetrachloroethane Same as hexachloroethane Yes Yes  

24 Hexachlorobutadiene Same as hexachloroethane Yes Yes  

25 Hexachlorobenzene Same as hexachloroethane Yes Yes  

26 Dichloroethylene (2 
isomers) 

Same as hexachloroethane Yes Yes  

27 Octachlorostyrene Same as chloroform Yes Yes  

28 Benzene Same as chloroform Yes Yes Yes 
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s 29 Chloromethane Same as hexachloroethane Yes Yes  

30 1,2-Dichloroethane Same as hexachloroethane Yes Yes  

31 1,1,1-Trichloroethane Same as hexachloroethane Yes Yes  

32 2,6-Dinitrotoluene Same as hexachloroethane Yes Yes  

33 Methylene chloride Same as chloroform Yes Yes Yes 

34 Bromoform Same as hexachloroethane Yes Yes  

35 Dichlorobromomethane Same as chloroform Yes Yes  

36 Chlorodibromomethane Same as chloroform Yes Yes  

37 Bis(2-ethylhexyl)phthalate Same as hexachloroethane Yes Yes  

38 Di-n-butyl phthalate Same as hexachloroethane Yes Yes  

39 Butylbenzyl phthalate Same as hexachloroethane Yes Yes  

40 Diethyl phthalate Same as hexachloroethane Yes Yes  

41 Toluene  Same as hexachloroethane Yes Yes Yes 

42 Trichlorofluoromethane Chlorate spent graphite anodes/graphite 
sludge, chlorate cell wash wastes 

Yes Yes  
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43 Polychlorinated 
naphthalenes (PCN) 

Same as chloroform Yes Yes  

44 Antimony Same as chloroform Yes Yes  

45 Arsenic Same as chloroform Yes Yes  

46 Barium Common chlor-alkali brine 
treatment chemical; common 
chlorates chromate treatment 
chemical 

Yes Yes  

47 Cadmium Chlorate spent graphite 
anodes/graphite sludge, chlorate 
cell wash wastes 

Yes Yes  

48 Chromium Chlorate spent graphite 
anodes/graphite sludge, chlorate 
cell wash wastes 

Yes Yes  

49 Copper Same as chloroform Yes Yes  

50 Lead Same as chloroform, lead 
furnace pot operations, waste oil 
reuse 

Yes Yes  

51 Mercury Chlorate spent graphite 
anodes/graphite sludge, chlorate 
cell wash wastes; mercury arc 
rectifiers and mercury raw 
material storage area(s) 

Yes Yes  

52 Nickel Same as chloroform Yes Yes  

53 Zinc Same as chloroform Yes Yes  

54 PCDD/PCDFs Same as chloroform Yes Yes Yes 
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Chloral/DDT Process Raw Materials, Intermediates, and Wastes 

      

55 Chloral Chloral/DDT process 
intermediate 

Yes Yes  

56 Chlorobenzene Chloral/DDT process-raw 
material 

Yes Yes  

57 1,2-Dichlorobenzene Chloral/DDT process-raw 
material impurity 

Yes Yes Yes 

58 1,3-Dichlorobenene Chloral/DDT process-raw 
material impurity 

Yes Yes Yes 

59 1,4-Dichlorobenzene Chloral/DDT process-raw 
material impurity 

Yes Yes Yes 

15 Sulfuric Acid DDT process waste Yes Yes  

17 Chloroform Chloral process waste Yes Yes  

18 Carbon Tetrachloride Chloral process waste  Yes Yes  

60 Chloromethane Chloral process waste Yes Yes  

61 Chloroethane Chloral process waste Yes Yes  

62 p-Chlorobenzenesulfonic acid DDT process waste Yes Yes  

63 Ethyl alcohol Chloral raw material Yes Yes  

64 p,p'-DDT   (4,4’-DDT) DDT process-intended 
product 

Yes Yes  

65 o,p'-DDT   (2,4’-DDT) DDT process-unwanted 
isomer 

Yes Yes  

66 p,p'-DDD   (4,4’-DDD) DDT process-breakdown 
product 

Yes Yes  

67 o,p'-DDD   (2,4’-DDD) DDT process-breakdown 
product 

Yes Yes  

68 p,p'-DDE   (4,4’-DDE) DDT process-breakdown 
product 

Yes Yes  

69 o-p'-DDE   (2,4’-DDE) DDT process-breakdown 
product 

Yes Yes  

70 4-chlorophenol DDT degradation product Yes Yes  
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Unidentified Chlorinated Acetone Product 

      

76 Product name (placeholder) Unknown Yes Yes  

77 Process chemicals  Unknown Yes Yes  

78 Acetone Presumed raw material Yes Yes  

79 Process intermediates Unknown Yes Yes  

80 Process wastes Unknown Yes Yes  
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Hexachlorobenzene (BHC) Process Raw Materials, Intermediates, and Wastes 

      

72 alpha-hexachlorobenzene BHC process-unwanted 
isomer 

Yes Yes  

73 beta-hexachlorobenzene BHC process-unwanted 
isomer 

Yes Yes  

74 gamma-hexachlorobenzene 
(Lindane) 

BHC process-desired 
product isomer 

Yes Yes  

75 delta-hexachlorobenzene BHC process-unwanted 
isomer 

Yes Yes  

17 Chloroform BHC process raw material Yes Yes  

18 Carbon Tetrachloride BHC process raw material Yes Yes  

54 PCDD/PCDFs BHC process-waste impurity Yes Yes Yes 
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Unidentified Chlorophenols Process(es) (Cleaning products formulations?) 

      

81 2-Chlorophenol Lots 3 and 4 
groundwater analyses 

Yes Yes  

82, 
70 

3- and 4-
Chlorophenol 

Lots 3 and 4 
groundwater analyses 

Yes Yes  

83 2,4-Dichlorophenol Lots 3 and 4 
groundwater analyses 

Yes Yes  

84 2,4,5-
Trichlorophenol 

Lots 3 and 4 
groundwater analyses 

Yes Yes  

85 2,4,6-
Trichlorophenol 

Lots 3 and 4 
groundwater analyses 

Yes Yes  

86 Pentachlorophenol Lots 3 and 4 
groundwater analyses 

Yes Yes  
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Other Identified Plant Operations 

      

87 Fuel Oil Related PAHs Fuel oil storage, caustic 
fusion pots, boiler area,  

Yes Yes  

88 Total Petroleum 
Hydrocarbons 

Fuel oil storage, caustic 
fusion pots, boiler area, 
vehicle maintenance 
shop(s) 

Yes Yes  

89 Aroclor 1248 Boiler fuel oil (from as 
yet unspecified historical 
non-electrical source(s)) 

Yes Yes  

90 Lead Pot Furnaces for Lead, 
and related residues 

Yes Yes  

54 PCDD/PCDFs Pot Furnaces for Lead Yes Yes Yes 

54 PCDD/PCDFs Plant waste incinerator, 
and related residues 

Yes Yes Yes 

54 PCDD/PCDFs Plant landfill waste 
burning 

Yes Yes Yes 

54 PCDD/PCDFs Boiler and Caustic 
Fusion Pots burning of 
PCBs 

Yes Yes Yes 
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2.0 BNSF 

2.1 Site Background 

Burlington Northern Santa Fe (BNSF) and its predecessors’ railroad lines within 
and upland of the Portland Harbor were in place before 1937 and include spur 
tracks serving specific customers.  The BNSF railroad mainline on the west 
side of the Willamette River runs parallel to N.W. St. Helens Road adjacent to 
the Willbridge/Kinder Morgan property, the former Rhone-Poulenc (RP) 
property, and the Northwest Natural Gas Company/Gasco property.  The BNSF 
mainline includes the railroad lines that form North Doane Lake and includes 
the Railroad Bridge (also known as the St. Johns Railroad Bridge or the 
Willamette Draw) over the Willamette River.   

Railroad spurs branch off of the eastbound-westbound mainlines along NW St. 
Helens Road to serve the industrial properties on the east side of St. Helens 
Road (BNSF, 2008, p. 4).  For example, there are existing tracks that spur off 
of the main line on the south side of the RP property and parallel 61st Avenue 
along the south side of the Metro Transfer Station, and cross NW Front Avenue 
and extend onto Arkema property.  In the past, this railroad line paralleling 61st 
Avenue had secondary spur tracks that branched off to access the south and 
east sides of the Metro Transfer Station property (1944-1977 aerial 
photographs).  Additionally, there are spur tracks that extend east through the 
middle of the GS Roofing/GATX property.  Similarly, there are (and previously 
were ) spur railroad tracks that branched off of the mainline and entered the RP 
property (undated BNSF Willbridge Oregon Zone 11/12 diagrams of spur tracks 
and 1944-1990 aerial photographs).   

Gould Inc. had a customer spur agreement with BNSF in 1980, and BNSF 
indicated that it was likely that from 1960 “until recycling activities ceased” that 
BNSF or its predecessors provided spur rail transportation services to National 
Lead and Gould (BNSF, 2008, page 28).  The transportation services may 
have included transporting materials to and from the battery smelting 
operations.  Koppers is currently serviced by a spur track off of the main line.  
Siltronic and NWN were also previously serviced by spur tracks.  Some 
remnants of these historical spur railroad lines currently remain visible.   The 
Railroad Bridge carries the main BNSF railroad line across the Willamette 
River. The Railroad Bridge is 1,767 feet long, and was originally built in 1908 
and upgraded in 1989.  

BNSF owns property adjacent and to the west and north of the RP property.  
BNSF property includes the railroad tracks and land immediately on either side 
of the tracks.  BNSF’s property extends from along the western boundary of 
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Siltronic, to and including North Doane Lake and to the Willamette River, and to 
the south along the western boundary of the RP property to Balboa Street.  
Former WDL is also located on BNSF property.  The rail line crosses the 
Willamette River at river mile 6.8.  Outfalls 22B and 22C discharge adjacent to 
the BNSF property line at the railroad bridge.   

Construction of the railroad bridge began around 1906 and records indicate the 
bridge and presumably the railway, were completed by the end of 1908 (BNSF, 
2008, page 5).  The initial railroad bridge was a swing span bridge (BNSF, 
2008, page 30) that was replaced in 1989 with the current lift span bridge 
(BNSF, 2008, page 30).  The railway originally crossed Doane Lake on a 
timber-pile-supported trestle.  The current rail line is supported by ballast rock 
underlying the bridge approaches.  This material also separates NDL from the 
former WDL area with no direct water conveyance through culverts present 
between the lakes 
(http://www.portlandmaps.com/detail.cfm?&nofooter=no&action=Sewer) .   

Between 1906 and 1915, the Spokane Portland & Seattle Railway constructed 
what is now referred to as the BNSF embankment, which bisected Doane Lake 
(AMEC, 2009).  The north spur was constructed between 1968 and 1969.  A 
culvert allows discharges from NDL to the NDP and Doane Creek which then 
flows through a culvert to Outfall 22C (City of Portland, 1978, Sheet 3).  A utility 
easement crosses beneath the BNSF railroad corridor east of NDL but west of 
the Railroad Bridge and adjacent to the sanitary sewer pump station (City of 
Portland, 1978, Sheets 2-4).    

2.2 Site Activities 

2.2.1 Activities, Processes and Chemicals Used 

Oil and grease were used at the railroad bridge as a lubricant (BNSF 104(e) 
response 2008, page 30).  Other materials used during bridge maintenance 
include hydraulic oil (in a hydraulic oil reservoir), valve oil, lube oil, and 
compressor oil (BNSF, 2007, page 1).  

BNSF replaced the swing span of the railroad bridge in 1989, but did not 
provide records about this major renovation of the bridge because they did not 
feel that the records were relevant to potential releases of hazardous 
substances to the river (BNSF, 2008, page 30).  Given the nature of the work, it 
is possible that hazardous substances were used during the renovation of the 
bridge, but there is no documentation available to determine specific 
constituents that may have been used.     
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BNSF annually applied herbicides along the approaches to the Railroad Bridge 
(BNSF, 2008, page 31).  BNSF’s annual herbicide application was sometimes 
followed by additional treatments to address areas that may have been missed 
or in areas with emergent weeds (BNSF, 2008, page 31).  BNSF standard 
operating procedures also specify that the main rail lines be sprayed with 
herbicides in an area 12 feet on either side of the track centerline (BNSF, 2008, 
page 32).  BNSF did not apply herbicides directly to the railroad bridge itself or 
to areas covered by water (BNSF, 2008, page 32).   BNSF applied the 
following herbicides (with the active ingredient in parentheses) to railroad 
tracks (BNSF, 2008, page 32):   

● Roundup (Glyphosate) 

● Honcho (Glyphosate) 

● Honcho Plus (Glyphosate) 

● Karmex IWC (Diuron) 

● Diuron 80 (Diuron) 

● Spike (Tebuthiuron) 

● Oust XP (Sulfometuron Methyl) 

● SFM 75 (Sulfometuron Methyl) 

● Oust Extra (Sulfometuron Methyl) 

● Escort (Metsulfuron Methyl) 

● MSM (Metsulfuron Methyl) 

● Bromacil 80 (Bromacil) 

● Payload (flumioxazin) 

● Vanquish (Dicamba) 

● Tordon K (Picloram) 

● Triumph K (Picloram) 

● Garlon 3A (Triclopyr) 

● Overdrive (Sodium Salt of Diflufenzopyr) 

● Formula 40 (Triisopropanolamine Salt of 2,4-D) 

● Edict (Pyraflufen Ethyl) 

● Induce (Non-ionic Surfactant) 

● Bivert (Amine Salts of Organic Acids) (Deposition Aid) 
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● Point Blank (Polyvinyl Polymer) (Drift Control) 

● No Foam (Polidimethylsiloxane) 

● Foam Buster (Dimethlypolysiloxane) (Silcone DeFoamer)  

The historical dates of use of these herbicides were not included in the BNSF 
documents.  Spray logs from 1991-1995 and 2004-2007 were included in the 
104(e) supporting documentation.  Formula 40 (Triisopropanolamine Salt of 
2,4-D) was used as recently as 1995 (BNSF_001129).   

The active ingredients in the above listed herbicides generally do not coincide 
with COIs on the RP property, with the exception of Formula 40, which contains 
the triisopropanolamine salt of 2,4-D.   2,4-D is a COI for the RP property.  
BNSF also used Vanquish which contained dicamba.  Dicamba has been 
detected in the vicinity of the RP property but was not used in products 
formulated or manufactured at the RP property.      

Some older models of locomotives used by BNSF had capacitors that 
contained PCBs (BNSF, 2008, page 40).  PCBs were removed from capacitors 
by the mid-1980s and disposed of at an incinerator in Coffeyville, Kansas 
(BNSF, 2008, page 40). BNSF did not provide disposal documents for the PCB 
containing capacitors and could not find documentation regarding where the 
PCB capacitor containing locomotives may have been within the Portland 
Harbor study area (BNSF, 2008, page 42).       

BNSF frequently transported materials from industries, including hazardous 
materials associated with COIs for properties within the RP vicinity.  Many of 
the properties within the RP vicinity had railroad spurs and used BNSF for 
transport of materials to and from the sites.  “Traffic Flow Reports” from 2007  
listed BNSF transports of hazardous materials such as molten phenol, 
petroleum hydrocarbons, acids, “environmentally hazardous substances,” 
BTEX and other petroleum additives, aromatic hydrocarbons, “FAK (freight of 
all kinds) hazardous materials,” and “other regulated substances” 
(BNSF_001146; BNSF_001737).  Many of these substances would have COIs 
similar to properties in the vicinity of the RP property.  BNSF did not provide 
any earlier documents listing historical hazardous materials shipments.      

2.2.2 Waste 

Wastes associated with routine track/bridge maintenance have the potential to 
affect the RP and surrounding properties.  Aerial photos show that the railroad 
track on the northern boundary of NDL was constructed in 1969 to 1970.  The 
1968 aerial photograph shows the northern track under construction and the 
lake cut-off by fill material (thereby creating NDL).  Material dredged from the 
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Willamette River was used as fill (Schnitzer Steel Products Co., 1965, page 1; 
Spokane, Portland, and Seattle Railway Company, 1965, page 1) for railroad 
construction.     

Aerial photograph review and other historical documentation shows that MGP 
waste impacted the BNSF property in the vicinity of NDL, including the area 
where the second railroad track was constructed.  A 1955 aerial photograph 
depicts black material and blackened vegetation on the west side of the 
Siltronic property (adjacent and south of Gasco operations at that time).  
Vegetation and soil east of NDL within the railroad alignment appeared to be 
black in a 1963 aerial photograph.  An April 2, 1967 aerial photograph depicts 
significant black material spread across the Siltronic property with a drainage 
connecting the western portion of this black material to NDL on BNSF property.  
Plumes of the black material are visible within NDL and are also visible 
discharging from NDL in an open ditch toward the Willamette River.  A 1968 
aerial photograph also depicts black fill material crossing the Siltronic property 
line onto BNSF property.  This aerial photograph also depicts drainage entering 
Doane Lake from an area on the Siltronic property that has been filled with 
black material.  This filling activity took place after Doane Creek had been re-
routed and channelized to flow southward into Doane Lake before discharging 
near the current Outfall 22C.   

Tars and naphthalenes were disposed of as fill on the Siltronic and Koppers 
properties between the 1880s and 1950s (EPA ,1979).  Waste “tar bottoms” 
were estimated to  be 10 to 20 feet thick (EPA, 1979, page 1).  The liquid 
components of this tar bottom waste ponded in the area filled.  This “Dark 
colored fill placement (1967-1971)” across the Siltronic property and onto the 
BNSF property up to the mainline railroad track that leads to the Railroad 
Bridge, east of NDL,  is depicted on Figure 4 of Hahn and Associates, Inc. 
2006.  DNAPL attributable to MGP operations is located on and adjacent to the 
BNSF property at PZ-03-40W in the vicinity of the NDP and the culvert inlet to 
Outfall 22C (AMEC 2008).  DNAPL was discovered at the bottom of PZ-03-
40W, which is located on the BNSF property boundary.  A groundwater seep 
was also observed near the entrance of the Outfall 22C conveyance pipe at the 
NDP near PZ-03-40W.  Analysis of samples of the PZ-03-40W DNAPL (and 
aqueous samples from PZ-03-40W and the seep) detected VOCs (1,2,4-
trimethylbenzene, 1,4-dichlorobenzene, acetone, chlorobenzene, 
isopropylbenzene, sec-butylbenzene, tert-butylbenzene, benzene, 
ethylbenzene, m,p-xylene, naphthalene, and o-xylene); SVOCs (2,4-
dimethylphenol, 2-methylphenol, 4-methylphenol, 2-methylnaphthalene, 
acenaphthene, anthracene, benzo(a)anthracene, benzo(a)pyrene, 
benzo(b)fluoranthene, benzo(g,h,i)perylene, benzo(k)fluoranthene, bis(2-
thylhexyl)phthalate, chrysene, dibenzo(a,h)anthracene, dibenzofuran, di-n-
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butylphthalate, fluoranthene, fluorene, indeno(1,2,3-cd)pyrene, naphthalene, 
phenanthrene, and pyrene); polychlorinated dioxin/furan congeners 
(1,2,3,4,6,7,8,9-OCDD; 1,2,3,4,6,7,8-HpCDD; 1,2,3,4,6,7,8-HpCDF; 
1,2,3,4,7,8-HxCDD; 1,2,3,6,7,8-HxCDD; and 1,2,3,7,8,9-HxCDD); and diesel, 
gasoline, and residual range organics.  Four organochlorine insecticides were 
also detected in the well aqueous sample; however, the validity of the 
detections was suspect.    The laboratory results and the observation of 
DNAPL in the bottom of the well indicate that portions of the BNSF property at 
NDL have been impacted by disposal of MGP waste and Willamette River 
dredge spoils.              

Several electrical transformers are located at ground surface just south of the 
RP property adjacent to BNSF railroad tracks.  Transformers present a 
potential source of PCBs (EPA, 2009).  BNSF indicated that its transformers 
were tested for PCBs in 1989 and the results were 1 ppm PCB or less (BNSF, 
2008, page 41). 

Movement of equipment along railways can release contaminants to the 
environment, including fuel, oils, PAHs from engine exhaust, coal ash, 
pesticides, metals (such as lead and arsenic), and hazardous materials that 
may be transported via rail (Massachusetts Department of Environmental 
Protection, undated, page 2).  Furthermore, the Massachusetts Department of 
Environmental Protection also identifies that contamination along a railroad can 
be from treated railroad ties, pesticides used for weed-control, and 
contaminated slag used as railroad bed fill (undated, page 2).      

2.2.3 Distinguishing Compounds 

Railroad tracks are typically made from wooden railroad ties laid on top of track 
ballast.  The wood railroad ties are typically treated with creosote to protect the 
wood from insects and rot (Morris and Wang, 2006, page 3).  Railroad ties 
impregnated with creosote have a life of approximately 28 years (Rosenberg, 
1982, page 67).  Creosote and the associated PAHs and methylated phenolics 
in the creosote are a distinguishing compound for the BNSF railroad properties.     

Maintenance oil and grease are also COIs for the BNSF railroad properties.  
Hydraulic and compressor oils have historically contained PCBs (EPA, 2009).  
Furthermore, some old locomotives contained capacitors that contained PCBs 
and electrical transformers were periodically located along tracks.  Based on 
historical use of the BNSF property, PCBs are a COI for the BNSF properties.     

Herbicides used for vegetation control are COIs for the BNSF railroad 
properties.  In particular, triisopropanolamine (salt of 2,4-D) is a COI as is 
dicamba.  
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2.2.4 Extent of waste generated and/or disposed on-site 

Historical data indicates that the BNSF property at NDL (and potentially the 
lake itself) was filled with Willamette River dredge spoils.  Additionally, 
historical data indicates that the BNSF property at NDL has been impacted by 
the disposal of MGP waste adjacent to and on their property.  Analytical results 
of samples collected on the BNSF property boundary at the NDP support this 
conclusion because of PAH (including cPAH and phenol), dioxin/furan, 
petroleum products, and VOC detections.        

2.3 Site Investigations and Adequacy 

2.3.1 Extent of investigation 

BNSF has conducted no site investigations along the railroad mainline near the 
RP property or at the railroad bridge.     

2.3.2 Extent of testing 

No test results are available from BNSF since no investigations have been 
conducted.   

2.3.3 Interim actions/remediation 

None 

2.3.4 Data gaps 

BNSF has not completed investigations or evaluations of the potential releases 
of hazardous substances from the rail lines or from use of the rail lines.  BNSF 
has not investigated potential PCB releases from the locomotive capacitors 
used along the rail lines.  BNSF has not investigated or evaluated the extent 
residual creosote, creosote related compounds, and other petroleum 
hydrocarbons and herbicides may be present in soil, groundwater and surface 
water that are attributable to railroad ties and BNSF operations.There is a lack 
of data regarding the distribution and presence of hazardous substances in the 
area immediately adjacent to the rail line that may be attributable to BNSF 
operations, including the use of herbicides.  
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2.4 COIs 

2.4.1 Identified COIs 

Creosote and the associated PAH and methylated phenolics, oils, PCBs, and 
herbicides are COIs associated with railways.        

2.4.2 COIs that overlap with RP COIs 

Herbicides, including 2,4-D, naphthalene and un-investigated compounds may 
be present at the site. 

2.4.3 COIs not tested for that likely overlap with RP COIs 

Herbicides, as documented above. 

3.0 ESCO 

3.1 Site Background 

The ESCO Site, 6900 NW Front Avenue, Portland, is northeast of the RP 
property, between the RP NW Property Area and NW Front Avenue.  The 
ESCO Site is approximately 1,000 feet southwest of the Willamette River and is 
an “approximately 10 acre remnant “ of Doane Lake  (ESCO 104(e) Response, 
Property Z (Willbridge Landfill) , page 10)).  ESCO began using the land in 
1957, but did not purchase it until 1966.  In 1966, ESCO acquired 1/3 interest 
by Deed from the Northern Pacific Railway Company and 2/3 interest by Deed 
from the Spokane, Portland and Seattle Railway Company (ESCO 401(e) 
Response, Property Z, page 4) 

The ESCO Site (also known as the ESCO Willbridge landfill) is a privately-
owned, unlined landfill.  The landfill includes non-recyclable wastes from 
ESCO’s off-site foundry operations from 1957 until 1979. These wastes 
included sand, dust, firebrick, slag, scale and metal parts (ESCO 104(e) 
Response, Property Z, pages 10-11)   

The entire ESCO Site is within the former Doane Lake boundary.  The ESCO 
Site was created by the disposal of wastes and the addition of fill within the 
Doane Lake area from 1957 to 1979. ESCO’s waste disposal split the lake into 
the East and West Doane Lake remnants (ESCO 104(e) Response, Property 
Z, page 10)  In 1976 to 1977, ESCO also had a sand reclamation operation on 
site that involved washing used foundry sand (ESCO 1983.)  In 1983, the 
landfill was closed and covered with topsoil and grass (ESCO 104(e) response, 
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Property Z, pages 10 and 21).  The ESCO Site is currently an open, grass-
covered field (ESCO 104(e) Response, Property Z, page 10.) 

3.2 Site Activities 

3.2.1 Activities, Processes and Chemicals Used 

The ESCO Site was used as a landfill for wastes from ESCO foundries.  ESCO 
operates two metal foundries in Portland.  The Main Plant (Property A) has 
been operational since the early 1900’s.  Plant 3, (Property C) was developed 
in the 1940’s.  Both plants manufactured engineered metal wearparts and 
components for industrial applications including mining, construction, power 
generation, logging and aerospace.  Plant C used recycled scrap metal for its 
operations (ESCO 104(e) Response, Property A, page 17; ESCO 104(e) 
Response, Property C, page 17)  Both facilities used electrical equipment with 
PCB containing oils until about 1989 to1991.  ESCO 104(e) Response, 
Property A, page 30; ESCO 104(e) Response, Property C, page 24)   
 
Wastes from ESCO’s foundries in Portland were transported to the ESCO Site 
for disposal (ESCO 104(e) Response, Property Z, p 10)   No buildings were 
erected on the Site (ESCO 104(e) response, Property Z, page 13)  Activities at 
the Site included waste disposal until mid-1979.  In 1975, ESCO proposed a 
plan to DEQ to reclaim zircon sand by washing it on-site to remove impurities 
(ESCO 1975(a))  DEQ confirmed that no permits were required since there 
would be no air emissions and no discharges into public waters.  (DEQ 1975) 
From 1975 to 1977, ESCO operated this sand washing operation in conjunction 
with the waste disposal activities (ESCO, 1983).  Sand was washed with water 
and the wash water was allowed to flow through trenches into Doane Lake. 
The sand reclamation process ended in 1977 (ESCO, 1983) after it was noted 
that phenolics were being released into the wash water from the phenolic 
resins contained in the ESCO sands (DEQ, 1976).  

3.2.2 Waste 

Wastes transported to the ESCO Site came from ESCO foundries in Portland.  
ESCO has noted that the characteristics of the waste are believed to have 
changed little from 1937 to present with the exception that materials generated 
prior to the 1980s may have had higher concentrations of certain metals (e.g. 
lead and chromium) than reflected in current waste analyses (ESCO 104(e) 
Response, Property Z, page 8-9) 
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Waste from the foundries sent to the ESCO Site included: 

Sands: The ESCO foundries used a variety of sands with different mineral 
content. These included zircon sand (zirconium silicate), chromite sand (Cr2O3 
mixed with other oxides), and silica sands. The sands were mixed with various  
binders to make casting molds (ESCO 104(e) Response, Property Z, page 10.)  
The ESCO 104(e) response for the foundry at their main plant (Property A, 
Plants 1&2) states that prior to the 1970’s, sand was purchased with an oil-
based binder.  In the 1970’s, the foundry switched to a phenolic urethane 
binder (ESCO 104(e) Response, Property A, page 22) Phenolic urethane 
binders are based on a phenol/formaldehyde oligomer (a molecule made up of 
a small number of repeating units) that is mixed with urethane, and when 
heated, this mixture polymerizes and hardens into the mold into which molten 
metal is poured.  After several uses, much of the binder material is burned from 
contact with the hot liquid metal and the sand becomes fused.  The used sand 
disposed at the ESCO Site is variously described as “off-white, green, gray to 
black, sometimes with a burnt odor” (ESCO 104(e) Response, Property A, 
page 25) ESCO reported that in 1977 sands accounted for 40% of the waste 
sent to the ESCO Site (ESCO 1977a, page 2). ESCO additionally estimated 
that the zircon sand accounted for approximately 16% of the total sand by 
volume (ESCO 1980)  

Dust: During foundry processes, dust generated from the fracturing of sand and 
burning of the binders was captured by collectors and sent to baghouses 
(ESCO 104(e) Response, Property Z, page 10) Some dust was recycled into 
the melting process, but ESCO disposed a portion of the baghouse dust at the 
ESCO Site landfill. The dust mirrored the sand used in general appearance and 
odor (ESCO 104(e) filing Property A, page 25 )  ESCO reported that 18% of 
waste disposed at the ESCO Site was dust (ESCO 1977a, page 2)    

The ESCO foundry Plant 3 (Property C) recycled used metal to make various 
parts (ESCO 104(e) Response, Property C, page 17).  Recycled metal may 
have coatings, paints or materials on the surface related to the metal piece’s 
origin. During the melting of the metal and foundry processing, these may form 
unintended combustion products such as PAH and dioxins that would be 
expected to absorb to the furnace dust (World Bank, 2007, page 5; Holtzer et 
al, 2000) 

Foundry yard debris, old firebrick: Firebrick, made from clays, is used to cover 
the inside of the furnaces that are used to melt the metal. After repeated uses, 
the brick becomes thin and must be replaced. Used firebrick was included in 
the waste ESCO disposed at the ESCO Site (ESCO 104(e) Response, 
Property Z, page 10)  It would be reasonable to expect that the used brick 
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would have adhered dust from the process on its surface, but no separate 
analyses for firebrick were provided. No documents were available that 
described what would be included in yard waste.   

Slag: Slag is formed when lime (calcium hydroxide) is added to molten steel. 
As the slag rises to the top of the molten steel, it collects dirt and impurities, 
including metal oxides, from the steel. Slag is generally hard, glassy and highly 
alkaline from residual calcium hydroxide.  Slag and firebrick together were 
reported in 1977 to account for 37% of the waste ESCO disposed at the ESCO 
Site (ESCO 1977a, page 2). 

Scale: After casting, parts are heat-treated in furnaces and then lowered into 
cool water tanks. The outer surface of the piece, which will still have sand and 
other impurities adhered to it, will shed, producing material called scale. 
ESCO104(e) Response, Property Z, page 11) No document includes an 
estimate of the amount of scale that ESCO disposed at the ESCO Site.  

Metals: ESCO reported in 1977a that 5% of the waste disposed at the ESCO 
Site was metals, with no details on their composition or source.  (ESCO 1977a, 
page 2)  

3.2.3 Distinguishing compounds 

Sands 

The State of Oregon Health Department determined in 1977 that ESCO was 
using zircon sand in large quantities (Oregon HD, 1977).  The zirconium sands 
were “mildly radioactive” as a function of their natural source.  DEQ issued 
ESCO a permit for the disposal of the zirconium sands in 1978 on an interim 
basis because the Oregon Department of Energy (ODOE) anticipated that 
proposed legislation on low-level radioactive waste may address this waste 
stream (DEQ 1978) In 1980, the DOE determined that the mixed sands 
containing zirconium sands were not within the regulatory classification of 
radioactive waste and disposal was not prohibited in Oregon (ODOE 1980) 
ESCO estimated in 1980 that the zirconium sands accounted for approximately 
10% of the landfill material (ODOE, 1980).  

In early 1983, DEQ determined that the zirconium sands at the ESCO Site had 
spread to adjacent properties through wind, erosion and rain (DEQ, 1983)   
ESCO was required to return the dispersed sands to the landfill, bringing off-
site areas to less than 2 times background for gamma radiation (DEQ, 1983).  
The unlined landfill was closed in 1983 with a 9-inch clay loam topsoil and 
sewage sludge cap (DEQ, 1983 and ESCO, 1983).   
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Sands disposed at the ESCO Site landfill contained residue from the organic 
binders used for casting molds. Until the 1970s, ESCO used sand with an oil-
based binder. The oil type (petroleum, biogenic or synthetic) was not specified, 
but oil binders for foundries described in the literature are plant oils such as 
linseed, rubberseed or neem oil (Greene, et. al, 1933)  In the 1970’s, the plant 
changed to phenolic urethane binders [ESCO 104(e) Response, Property A 
Plant 1, page 22]. Records for the ESCO foundry Plant 3 indicate that phenolic 
flake resin binder was introduced there in the 1960’s (ESCO 104(e) Response, 
Plant C, page 15) Both Pepset and Isocure are phenol-based resins. These 
resins are the likely source of the phenols released during the sand washing 
operation [ESCO 104(e) Response, Property A, page 17; ESCO 104(e) 
Response, Property C, page 17].  Sand sent to the ESCO Site prior to and after 
the sand washing operation would also have contained these phenols. 
Benzene, toluene, xylenes were also detected in molding sand wastes with 
these resin binders (Dungan, 2005). 
. 
ESCO has not reported analyses for individual chemicals in the binders or 
waste derived from their use. Unwashed, used sand was tested in 1976 for 
percentages of volatile and semi-volatile organics. Results indicated that the 
used sand contained 3.1% volatiles and 1.26% organic extractables. The semi-
volatile extract was further analyzed since the laboratory report noted that the 
extractable material appeared to be a single compound. No other details were 
provided on the method used and no further analytical work was reported 
(ESCO 1976a).    

Analysis of used sand from Plant 3 showed that the total phenolics content was 
150 mg/kg (ppm).  (DEQ 1976) The total phenolics analysis measures phenol 
itself plus compounds with a phenolic grouping (Nollett L., page 412)  Phenolic 
urethane resins are based on phenol-formaldehyde, and after use the sand 
likely contains a range of larger molecules within the phenol grouping as well 
as phenol itself. 

In early 1976, a DEQ inspector noted that Doane Lake was red from overflow 
from the sand washing operation.  (DEQ 1976) Total phenolics from the ESCO 
discharge were measured from water from the sand washing operation (9.4 
ppm) as well as at the ESCO dump fenceline (8.8 ppm) and at the Rhodia 
discharge (3.5 ppm) (DEQ, 1976). 

The American Foundry Association publishes data to assist foundries in their 
reporting of releases of chemical from binder systems.  Data for the binder 
systems used at the ESCO foundries, Pep Set and Isocure products, indicate 
that percentage levels of the phenol and naphthalene components will remain 
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in the core after the binder system is reacted (American Foundry Association 
2002, pages 24, 25).  

Foundry sands from other sites have been analyzed for polyaromatic 
hydrocarbons (PAH).  In one study, PAH were detected in all 13 used foundry 
sands studied for residual organics, with naphthalene accounting for 
approximately 30% of the total PAH. Naphthalene concentrations in phenolic 
sands ranged from 0.49 to 0.84 mg/kg. Other PAH detected in phenolic sands 
in this study included 1- and 2-methylnaphthalene, biphenyl, acenaphthene, 
phenanthrene, methylanthracenes,  fluorene, fluoranthene, dibenzofuran, 
benzo(a)anthracene and pyrene (Ji, et al, 2001).  Other chemicals that have 
been reported in used phenolic urethane foundry sands include phenol, 
benzene, toluene, and xylene. No concentration data were reported for these 
organics (Dungan et al, 2005).  

Dust 

Heavy metals measured in the dust from ESCO included chromium at 8,300 
mg/kg, lead at 4,500 mg/kg, arsenic at 75.5 mg/kg, mercury at 0.11 mg/kg, and 
cadmium at 53 mg/kg (DEQ 1982, page 2).  No other metals were reported 
from this analysis, but dust in foundries is expected to include iron and metallic 
constituents present in the melting and casting processes (World Bank 2007, 
page 5)  ESCO’s use of nickel and manganese to form alloys (ESCO 1992, 
page 246) would predict that these metals would also be present in the dusts at 
elevated levels. The concentration of lead in the furnace dust from ESCO 
appears to be related to the furnace type; lead in furnace dust in 1998 ranged 
from an average of 12,000 mg/kg to 6,000 mg/kg depending upon the furnace 
from which it came (ESCO, 1999).  Aluminum, used as a processing aid, was 
also disposed in the landfill.  

The ESCO TRI report for 2005 includes data for total metals in dust landfilled in 
2005. Dust from abrasive cleaning and from baghouses included 61,205 
pounds aluminum, 2,206 pounds chromium, 98 pounds lead, 6,886 pounds 
manganese, 699 pounds molybdenum, 4,432 pounds nickel and 523 pounds 
zinc (ESCO 2006).These data are likely representative of the metals content of 
waste disposed at the ESCO Site because ESCO has stated that foundry 
processes did not change significantly over the period of 1937 to 2008. 

Based on literature reports, the dust and sand would also be expected to 
contain PAH, including phenanthrene, anthracene, pyrene, chrysene, 
fluoranthene, benzo(a)pyrene¸ benzo(a)anthracene, benzofluoranthenes, 
benzo(g,h,i)perylene, and indeno(1,2,3-cd)pyrene from the charring of the 
organic binders. Concentrations of total PAH in foundry dust varied with particle 
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size, ranging from approximately 0.4 milligrams/gram (mg/g).  to 11 mg/g 
(Knecht et al, 1986).   

Slag  

Slag is primarily comprised of lime (calcium hydroxide) and impurities in the 
molten metal.  Slag is expected to have elevated levels of calcium and high 
alkalinity from residual calcium hydroxide.  Since the ESCO foundries recycled 
metals, these impurities would be unknown.  

Twenty-seven metals plus sulphur and phosphorus are typically found in 
foundry slag. Metals whose mean concentration in slag from electric arc 
furnaces (one of the types of furnaces at the ESCO foundries) was greater than 
1% included calcium (25%), iron 19%), silicon (7%) magnesium, (5%), 
manganese (4%) and aluminum (3.5%) (Proctor, 2000).  ESCO noted that their 
production included high chromium steel and that nickel and manganese were 
also used to form alloys (ESCO 1992, page 246), so these metals in ESCO 
slags would likely exceed their mean concentrations of 0.3% for chromium, 4% 
for manganese and 0.003% for nickel.  Since the ESCO foundries recycled 
metals, other impurities in the steel would be unknown.   

ESCO’s Toxic Release Inventory (TRI) for 1987 reported that 73,000 pounds 
aluminum oxide, 18,000 pounds  manganese compounds,  2,900 pounds  
chromium compounds and <500 pounds  of nickel compounds were sent to the 
ESCO Sauvie Island landfill, which ESCO used for waste disposal after 
operations ended at the ESCO Site Willbridge landfill (ESCO, 1989).  These 
data are likely representative of the metals content of the waste disposed at the 
ESCO Site because ESCO has stated that foundry processes did not change 
significantly over the period of 1937 to 2008.  While the TRI report does not 
specify the material matrix, it is likely that this represents slag.    

ESCO’s TRI report for 2005 includes data for the weights of metals in landfill 
slag. Based on analyses of slags from their different furnaces, total metals in 
slag included 126,492 pounds aluminum, 14,397 pounds  chromium, 103,927 
pounds manganese, 554 pounds molybdenum, 1,929 pounds nickel, and 349 
pounds zinc,. Molybdenum was not reported in either of the filings for the 
foundries, but the TRI table indicates it was used as a charge alloy (ESCO, 
2006).  

Concentrations of metals in slag are elevated relative to concentrations in soil. 
Metals in slag usually are tightly bound to the slag matrix and are not readily 
leached (Proctor, et al. 2000)   However, it is likely that at least some of the 
disposed ESCO fill was in contact with battery acid disposed at and from the 
NL/Gould Site, and later followed by pH conditions related to neutralization 
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during the NL/Gould remedy.  These conditions may allow metals to leach.  In 
addition, the presence of phenolic resins may have depleted oxygen and 
changed redox conditions in a way that could lead to the release of metals. 

3.2.4 Extent of waste generated and/or disposed on-site 

In 1973, ESCO reported to DEQ that the monthly disposal rate of their 
combined wastes at the ESCO Site was approximately 2,000 cubic yards and 
its capacity would be reached in approximately 3 years (ESCO 1973)  Disposal 
records in DEQ files show this was the approximate rate at the end of the 
landfill usage in 1979 (ESCO 1977b, DEQ 1979) An estimate of total volume 
for the period of 1957 through 1979 would therefore be 528,000 cubic yards of 
waste.  In 1980, ESCO estimated that the fill layer over the Site had an 
average depth of 10-15 feet, with fill extending down to 20 to 22 feet in what 
was presumably Doane Lake (Note that this ESCO document references 
Guilds Lake, but Guilds Lake is not adjacent to the ESCO Willbridge landfill and 
Doane Lake remnants were.).  (ESCO 1980, page 1) 

3.3 Site Investigations and Adequacy 

3.3.1 Extent of Testing 

There are limited records available regarding investigations at or relating to the 
ESCO Site.  No systematic investigations to characterize site conditions have 
been reported. 

Groundwater wells were installed on the ESCO Site as part of the NL and 
Gould Superfund Site investigations, and these wells are currently maintained 
and monitored by StarLink Logistics.  Additional wells were installed on the site 
as part of the StarLink Logistics Extended Pumping Test in 2009. No data for 
these wells were included in the ESCO files. 

In 2006, ESCO conducted testing to determine the stability of the landfill and 
the feasibility of building on the Site.  Workers reported “chemical-like” odors in 
borings 20 to 25 feet below ground surface in the middle and northern portions 
of the Site (GeoDesign, 2006).    

Representative samples of wastes (used heat sand, sand from dust collector, 
used refractory, firebrick, refractory with metal) were tested in 1972 for total 
solids, leachable biological oxygen demand (BOD), chemical oxygen demand 
(COD) and heavy metals.  No metals were detected in the leachate by a 
qualitative spectrographic method but no reporting limits were provided. The 
leachate from used heat sand and sand from the dust collectors had BOD (25-
30 ppm), indicative of organic material in the leachate.  All samples had COD, 
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with the highest levels noted in leachate from the firebrick (214 mg/l) and used 
refractory metal (118 mg/l) (NW Testing Labs. 1972).  COD analyses also 
measure organic contamination, but these results may be biased high by the 
presence of ferrous iron in the samples.  In 1973, leachates of the wastes were 
analyzed for nitrogen, phosphorus, calcium and potassium (NW Testing 
Labs,1973).   

In 1976, unwashed sand was analyzed for percent volatiles (3.1%) and 
extractables (1.26%). The extractable organic contaminant was reported to 
appear to be a single component, but no additional analyses were conducted 
for identification, (ESCO, 1976a). 

In 1976, after the DEQ report of discharge of red water from the sand washing 
operation, two sets of samples from West Doane Lake indicated that levels of 
phenolics were highest in proximity to the ESCO Site.  Water samples from the 
ESCO discharge near the outfall at Guild’s Lake pump station, at the ESCO 
baghouse dust landfill fence line and at the Rhodia outfall were collected and 
analyzed for total phenols.  In one set, the levels of total phenols were highest 
(9.4 mg/l) at the Guilds Lake pump station where waters were discharged from 
the sand washing operation.  At the ESCO baghouse dust fence line, the level 
was 8.8 mg/l and at the Rhodia outfall, 3.5 mg/l.  In another set of samples 
taken in the same period, total phenolics were highest (24.8 mg/l) at the 
baghouse dump fence line, while phenolics in the sample from Rhodia were 9.9 
mg/l and phenolics in a sample from near Front Avenue were 3.5 mg/l.  The 
analysis method used did not discriminate between phenol itself and other 
chemicals containing a phenol group (DEQ, 1976a). 

Furnace dusts were analyzed for metals and EP toxicity in 1982 (DEQ, 1982).  
The EP Toxicity results for leachable metals indicated that the material would 
not be classified as hazardous waste; cadmium was detected in the leachate at 
0.06 mg/l, below the RCRA limit of 1 mg/l and no arsenic, mercury, lead, or 
mercury were detected.  The dusts were also analyzed for total metals content.  
Arsenic, cadmium and mercury were below 100 mg/kg but  total chromium was 
measured at 8,300 mg/kg and total lead, at 4,500 mg/kg.  DEQ cited lead and 
chromium releases in its initial order to place the property on the inventory of 
facilities where a release of a hazardous substance is confirmed (Site 
Inventory) (DEQ, 1988). 

During collection of soil borings for geotechnical characterization in 2006, 
workers noted “chemical-like” odors at 20 to 25 feet below ground surface in 
the middle and northern portions of the ESCO Site (GeoDesign, 2006) 
Leachates from the investigation-derived wastes were analyzed for RCRA 
metals (TCLP analysis for arsenic, barium, cadmium, chromium, mercury, lead, 
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selenium, silver), and soil samples were analyzed for volatile organics, 
semivolatile organics, pesticides and herbicides.  Barium, chromium and lead 
were detected at low levels in leachates from soils. PAH were detected in all 
the soil samples. Levels of naphthalene, methylnaphthalenes, acenaphthene, 
acenaphthylene, fluorine, phenanthrene, anthracene, fluoranthene, chrysene, 
pyrene, benzo(a)anthracene, benzo(b)fluoranthene, benzo(k)fluoranthene, 
benzo(a)pyrene, indeno(1,2,3-cd)pyrene and dibenzo(g,h,i)perylene ranged 
from less than 100 ug/kg to over 3,000 ug/kg in the samples. Chlorinated 
compounds including dichlorobenzenes (210 and 81 ug/kg), 1,4-dichlorophenol 
(114 ug/kg), and 4-chloro-3-methylphenol (461 ug/kg) were detected in one 
sample.  Phenol was detected in all samples, with concentrations ranging from 
153 ug/kg to 598 ug/kg. 

Groundwater wells on the ESCO Site are used by StarLink for groundwater 
monitoring required by DEQ. Lead at 210 ug/l has been detected and is likely 
attributable to releases from the NL/Gould site (DEDQ 2010) 

3.3.2 Interim actions/remediation 

ESCO discontinued its sand washing operation after DEQ discovered the 
release of phenolics into Doane Lake.  (ESCO 1988) ESCO had proposed 
construction of a settling pond to resolve the overflow problem but by early 
1977 had stopped the activity (ESCO 1976b) 
  
 In 1983 DEQ determined that zircon sands had been dispersed off-site by 
wind, erosion and rain and ESCO was notified that they would need to move 
these sands back to the Site (DEQ 1979).  

EPA proposed that the ESCO Site be listed on ERRIS in 1983 due to the heavy 
metals and radionuclides in the waste.(EPA 1983) DEQ added the Site to its 
ESCI database in 1988 and proposed including it on the Confirmed Release 
List for lead and chromium releases.  In May 1993, the listing review was 
completed with a determination again that there was insufficient information but 
DEQ notified ESCO that a preliminary assessment should conducted.  There 
are no documents that show ESCO ever conducted this preliminary 
assessment. 

ESCO was one of the parties that signed a 1983 DEQ Consent Order requiring 
evaluation of hydrogeologic conditions in the Doane Lake area. ESCO 
participated in subsequent remedial investigation activities but ESCO did not 
conduct the work (ESCO 104(e) Response, Property Z, page 18) Although 
ESCO entered the Oregon Voluntary Cleanup Program in 1993, no 
investigative or remedial actions have been reported (DEQ 1993)    
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3.3.3 Data gaps 

No site-wide investigation has been conducted to characterize the ESCO Site 
landfill. Wastes have been sporadically tested for metals content and leaching 
potential, but no systematic investigation of Site conditions has been 
conducted.  

With the exception of the IDW analyses, testing for organics has been limited to 
total phenolics. Based on the product information available for foundry sand 
binders, analyses for phenol, naphthalene and PAH would be warranted.  

No analyses have been conducted for dioxins on the Site. Since recycled 
metals were used in the process, there is the potential for these to be formed 
from coatings or materials adhered to the surfaces of recycled metal products.   

3.4 COIs 

3.4.1 Identified and Potential COIs  

The DEQ ECSI database lists foundry sand, slag, demolition debris, dust, and 
foundry yard debris (including zirconium sand) as hazardous substances 
associated with the ESCO Site (DEQ, 2010).  Because of the lack of 
investigations conducted at the ESCO Site, information on specific constituents is 
limited to the lead contamination of groundwater at 210 ppb.     

Based on known characteristics of the waste, the ESCO Site is also a potential 
source of total phenolics, phenol, naphthalene and other PAHs as well as the 
metals iron, lead, manganese, chromium, nickel, aluminum, calcium, 
magnesium, and zinc.  A list of possible ESCO COIs is provided in Table 3-A 

3.4.2 Identified and Potential COIs that overlap with RP COIs 

Identified and potential COIs at the ESCO Site that correspond to RP COIs 
include phenol and PAHs (naphthalene, phenanthrene,,benzo(a)pyrene, 
benzo(b) fluroanthene, and fluoranthene) all of which would be expected based 
on literature reports for foundry waste and which were detected in the soils 
from the geotechnical investigation. Volatile aromatic COIs, including benzene, 
toluene and xylene, would be predicted in the sands based on literature 
reports. Metals including iron, lead, manganese, and zinc are found at 
significant levels in ESCO slags and dusts.    
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3.4.3 COIs not tested for that likely overlap with RP COIs 

Based on the review of available documents and DEQ files, it does not appear 
that ESCO has undertaken or been required to undertake any on-site 
investigative work to evaluate hazardous substance releases at and from its 
landfill. At a minimum, it is likely several metals, individual phenols and PAHs 
would be detected in the landfill material. 

Although there were no industrial activities at the ESCO Site other than waste 
disposal and sand washing, ESCO dumped at the Site waste from several 
ESCO foundries and plants.  PCB transformers had been at Plants 1, 2 and 3 
until the 1990’s, when leaks were discovered.  Screening testing for PCBs at 
the landfill would be prudent, especially since the source of the metal waste 
stream is not identified.  No analysis for PCBs are reported in available 
documents. 

In addition, the use of recycled metals at the foundries may have introduced 
unrecognized contaminants into the sands and other wastes from the foundries 
and disposed at the ESCO Site.  Even small amounts of plastics or other 
materials on recycled metals can lead to the formation of dioxins and furans 
that then are primarily found on the dusts.   

4.0 Gasco 

4.1 Site Background 

The Gasco Site is located at 7900 NW St. Helens Road in Portland, Oregon.  
The Site is north of the former RP Property and north of the BNSF railroad 
berm.   

Pacific Gas & Coke Company (PG&C) purchased the Gasco Site in 1910 
(Hahn 2007a, page 13).  In 1956, PG&C changed its operations and in 1958 
changed its name to Northwest Natural Gas Company (NWN 104(e) 
Response, page 17). 

From 1910 to 1939, the Gasco Site covered an area known as the Elliot Tract, 
which included approximately 46 acres north of the railroad berm and north of 
the land currently owned by Siltronic (formerly known as Wacker Siltronic).  In 
1939, the PG&C acquired an additional 400 acres (the Allen Tract) located 
south of the Elliot Tract and north of the railroad berm.  The Allen Tract 
(currently owned by Siltronic) was sold in 1960 (NWN 104(e) Response, pages 
17 (site figure) and 18).  The current Gasco Site is about 46 acres (the original 
Elliot Tract) and is located north of the Siltronic property (Hahn, 2007a page 
11). 
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The Gasco Site was the location of a manufactured gas plant (MGP) operated 
by PG&C from approximately 1913 through 1956 (Hahn 2007a, page 13).  The 
MGP was shutdown in 1956. NWN now operates a natural gas distribution 
facility on the site (NWN 104(e) response, page 17) 

Operations and waste disposal activities at the MGP impacted groundwater 
and soil at both the Elliot and Allen Tracts, as well as the Willamette River 
surface water and sediment (Hahn 2007a, pages 1,2,13,14).  From 1913 to 
1941, liquid MGP wastes were discharged directly to low lying areas of the 
Elliot tract that drained directly into the Willamette River (Hahn 2007a, page 
17.) In 1939, PG&C purchased the 400 acres of low-lying area known as the 
Allen Tract for waste management activities and disposal (NWN 104(e) 
Response, pages 17,18 ).  Waste management and disposal at both the Elliot 
and Allen Tracts resulted in the migration to and deposition of waste material 
within the Willamette River.  (NWN 104(e) Response, p 66). 

Other activities on the Elliot Tract also impacted the area. From 1965 to 1973, 
Koppers operated a coal-tar distillation plant on an 8-acre portion of the Site 
leased from NWN. Koppers currently operates a coal tar pitch distribution 
facility on the Site (NWN 104(e) filing, pages 27-28) Potential impacts from the 
Koppers’ operations are included in Appendix L of this report. 

An abandoned Shell Oil Company dock, buildings and 55,000 barrel oil storage 
tank were in the southeast corner of the site.  Shell operated the facility from 
1915 to 1929, but the buildings were not destroyed until 1973.  (NWN 104(e) 
Response, page 28)  The Pacific Northern Oil Corp (PNO) operated a marine 
bulk oil terminal and tank farm on the northern portion of the Site from 1965 
until 1999 (NWN 104(e) Response, pages 28, 29) The tank farm was leased to 
Fuel and Marine Marketing (FAMM) until 2007, and in 2007 to Pacific Terminal 
Services.   
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NWN sold the Allen Tract in 1960. Subsequent owners, including the City of 
Portland, placed dredge and fill material on the Site with extensive regrading. 
MGP wastes that had been released or disposed of on the Site were likely 
redistributed over the Site (Hahn 2007a, page 23).  In 1978, the City of 
Portland sold the Allen Tract to Wacker Siltronic. Siltronic activities and their 
potential impact are discussed in Appendix L.  

4.2 Site Activities 

4.2.1 Activities, Processes and Chemicals Used  

The PG&C operated a MGP on the Elliot Tract from 1913 to 1956. The MGP 
production areas were located along the western portion of the Site and 
extended to locations near the riverbank at the central portion of the Site (Hahn  
2007, page 13).  During its operation, the MGP plant produced 290 billion cubic 
yards of gas from 80,000,000 gallons of petroleum (NWN 104(e) Response, 
page 79) 

The PG&C operations used the Pacific Coast Oil Gas Process, which involves 
thermal cracking of oil at near atmospheric pressure in a cylindrical shell 
containing heated refractory brick (Hahn, 2007, page 14). The oil was shipped 
to the Gasco Site and stored in above-ground tanks (NWN 104(e) Response, 
page 78)  Above-ground pipes 10” in diameter carried the oil from the ships to 
the tanks and then to the plant. Initially, the MGP had two main areas:(1) the 
gasification plant which consisted of five buildings; and (2) a briquette 
manufacturing plant which consisted of two buildings. Gasco compressed 
lampblack (an amorphous carbon material produced during gas production) 
into briquettes that were then sold for heating.  (NWN 104(e) Response, p 47)  
In addition to petroleum oil, the other raw materials required for the MGP 
process were water and iron-impregnated wood chips (iron oxide), which were 
used to remove impurities from the gas (NWN 104(e) Response,  page 78) 

In addition to the production of manufactured gas and briquettes, various other 
MGP byproduct refining and manufacturing processes occurred at the Gasco 
Site. In 1923, a plant to recover benzol (a high benzene content light fuel oil).  
was constructed in the southern corner of the Elliot tract and a benzol tank farm 
was added southwest of the recovery plant (NWN 104(e) Response, p 47)  By 
1951, the benzol recovery plant was producing 5,000,000 gallons of light oil 
products annually.  (NWN 104(e) Response, page 80)   

In 1924, PG&C began refining the tar produced during the gasification process 
for use as a road binder, with subsequent sales reaching over 1,000,000 
gallons a year (NWN 104(e) Response, pages 80, 89) Other products PG&C 
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marketed included specification creosote, soft pitch, hard pitch, crude 
naphthalene, toluene, xylene,  motor fuel, solvent naptha.(NWN 104(e) 
Response, page 74) 

A coke oven was installed in 1941, and produced approximately 14,000 tons of 
metallurigical coke a year were produced.(NWN 104(e) Response, page 80)  

In 1935, PG&C modified the cracking process to use heavy fuel oil to increase 
recovery of byproducts (NWN 104(e) Response, page 73). 

4.2.2 Distinguishing Compounds 

Wastes and byproducts from the oil-based MGP process included emulsions of 
water with oil and tars and a wide range of complex mixes of hydrocarbons. 
Distinguishing compounds include aliphatic hydrocarbons, light aromatic 
hydrocarbons such as benzene, toluene, ethylbenzene and xylene (BTEX), and 
polycyclic aromatic hydrocarbons (PAH) such as naphthalene, phenanthrene, 
acenaphthene, acenaphthylene. anthracene,, benzo(a)anthracene, 
benzo(a)pyrene, benzo(b)fluoranthene, benzo(g,h,I,)perylene, 
benzo(k)fluoranthene, chrysene, dibenzo(a,h)anthracene, fluoranthene, 
indeno(1,2,3-cd)pyrene, pyrene, carbazole, dibenzofuran,1-methylnaphthalene, 
2-methylnaphthalene. Phenols, including 2,4-dimethylphenol, 3,4-
dimethylphenol 2-methylphenol,   4-methylphenol and phenol were included as 
potential constituents of concern based on literature reports for MGP wastes 
(Hahn 2007a, pages 26-27, 115) 

The Pacific Coast Process produced generally the same waste and byproduct 
hydrocarbon compounds as those formed from coal gasification including 
benzene, toluene, ethylbenzene and xylene (BTEX), and polycyclic aromatic 
hydrocarbons (PAH) such as naphthalene, phenanthrene acenaphthene, 
acenaphthylene. anthracene, benzo(a)anthracene, benzo(a)pyrene, 
benzo(b)fluoranthene, benzo(g,h,I,)perylene, benzo(k)fluoranthene, chrysene, 
dibenzo(a,h)anthracene fluoranthene, indeno(1,2,3-cd)pyrene, pyrene, 
carbazole, dibenzofuran, 1-methylnaphthalene, 2-methylnaphthalene (Boehm, 
P.D. 2006) The Pacific Coast Process, however, operates at a lower 
temperature than coal gasification and the amounts and relative proportions of 
PAH produced from the cracking of oil would be expected to differ significantly 
from the amounts and relative proportions of PAH in the tars and products from  
Kopper’s site  which were from coal gasification.  While the tars from both 
facilities would contain the same PAH species, the PAH ratios (fingerprint 
patterns of PAH) would differ. Ratios of PAH are often used for source 
discrimination at sites with potential contributions from multiple sources.  
(McCarthy, K. et al, 2000; Saber,  D.et al, 2006; Trillium 2005. )  
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The solid spent oxide waste stream from the MGP process contained cyanide 
and various metals. Arsenic, cadmium, chromium, copper, lead, nickel and zinc 
were identified as potential contaminants of concern (Hahn 2007a, pages 26-
27). 

The Oregon DEQ ECSI file lists benzene, naphthalene, PAH and cyanide as 
the primary contaminants for the Site. The file does not list individual PAH but 
the category likely includes EPA’s original list of 16 Priority Pollutant PAH 
(naphthalene, phenanthrene, acenaphthene, acenaphthylene. anthracene, 
benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, 
benzo(g,h,I,)perylene, benzo(k)fluoranthene, chrysene, 
dibenzo(a,h)anthracene fluoranthene, fluorine, indeno(1,2,3-cd)pyrene,and 
pyrene, (http://www.deq.state.or.us/lq/ECSI/ecsidetail.asp?seqnbr=84).  

Oily emulsions produced as waste from the Gasco process would also include 
petroleum-derived aliphatic hydrocarbons. Petroleum oils contain literally 
thousands of individual hydrocarbons. Petroleum oils were analyzed during the 
Site remedial investigation following the Oregon DEQ methods for total 
petroleum hydrocarbons (TPH) (Hahn 2007a, Table 3).  

4.2.3 Extent of Waste Generated and/or Disposed On-Site  

Waste 

During construction of the MGP facility in 1912, the Port of Portland placed 
over 200,000 cubic yards of material dredged from the Willamette River on 
approximately 10 acres of low-lying areas of the Elliot Tract.  (Hahn 2007a, 
page 13)  Photographs from May and August of 1912 show the extent of the 
filling operation (Hahn 2007a, Appendices pages 2 and 3)  

Between 1913 and 1941, PG&C discharged or placed wastes and waste 
waters from tar boxes and lampblack dryers (oily emulsions containing some 
lampblack and tar) into low lying areas near the eastern corner of the Site, an 
area which drained directly into the Willamette River. An aerial photograph from 
1936 shows two locations for surface water drainage, one near the Elliot Tract 
property line adjacent to a creek draining Doane Lake and the other at the 
approximate midpoint of the Gasco riverfront (Hahn 2007a, Appendix A, Page 
5).   

The PG&C liquid waste streams would contain petroleum hydrocarbons 
including BTEX and PAH as listed above from the tars and lampblack. The 
carbon particles of lampblack would contain absorbed PAH as well (Hahn & 
Assoc. 2007a, page 25)  By 1930, limited measures were in place to retard the 
movement of wastes to the Willamette River.   By 1930, a separator had been 
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installed to skim off tar and oil from process water, reducing the amount of 
petroleum oils, PAH and lampblack that would be discharged into the low lying 
areas of the site. In 1939 a thickener overflow tank was installed to further limit 
the release of oils (NWN 104(e) Response, page 37) While these actions would 
reduce the amount of tars and oils directly discharged to the River, no record of 
the disposal practices for the removed oils and tars was found. 

During the 1930s-1940s, two settling ponds were constructed on the 
southeastern portion of the Site to allow heavier components of the 
wastewaters to settle out. A separating sump was also used to skim off lighter 
oils from the pond surfaces. These ponds received waste discharges until 1956 
(NWN 104(e) Response, page 37). The ponds were designed so that overflow 
from the first flowed into the second, which then had a channel to direct its 
overflow into the Willamette River at the approximate border of the current 
Siltronic Property. The surface water discharge points are marked on aerial 
photographs from 1936 and 1940 (Hahn 2007a, page 19; Appendix A pages 5 
and 10).   

In 1951, the outlet to the River was blocked and overflows were directed to a 
disposal lagoon on a 400 foot wide former lowland area of the Allen Tract 
(current Siltronic Property) adjacent to the Elliot Tract. Overflow from this area 
was then directed through a ditch at the southern end of the lagoon as shown 
in photographs from 1952 and 1956 (Hahn 2007a, page 19; Appendix A, pages 
23 and 28). An aerial photograph from 1952 shows the ponds were surrounded 
by berms (Hahn & Associates 2007a, Appendix A page 23); a photograph from 
1974 shows an elevated embankment along the River front (Hahn & 
Associates 2007a, Appendix A page 47). Historical disposal areas for liquid 
waste extended across the Elliot and Allen Tracts from near riverfront to their 
southern boundaries (Hahn 2007aa, Appendix A, page 23; Maul, Foster & 
Alongi 2007; Figure 2-3).  

Both of the settling ponds and the lagoon area were in a low area and were 
submerged beneath the Willamette River at times of flooding (NWN 104(e) 
Response, page 38) Aerial photographs document that the Gasco Site was 
underwater during floods in 1948 and 1965, with no barrier to flow between the 
pond and lagoon areas and the Willamette River (Hahn 2007a, Appendix A, 
pages 17 and 34). Site wastes, including oils and tars were likely transported to 
the River during these events.  (NWN 104(e) Response, page 35). 

The ponds were periodically “cleaned” and the soft tarry material that had 
settled on the bottom was removed and placed on the ground surface on the 
adjacent low area of the current Siltronic Property. The main disposal area 
included approximately 11 acres south of the current Gasco/Siltronic boundary, 
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with a smaller two acre disposal pit used for tars near the middle of the current 
Siltronic site (Maul Foster & Alongi, 2007, p. 2-3 and Figure 2-3) Oregon DEQ 
estimated that the ponds and waste lagoon contained at least 6 million gallons 
of liquid waste and up to 3.9 million gallons of dry tar.(OR DEQ 1994) Based on 
tar production, byproduct sales and disposal figures, Siltronic’s consultant Maul 
Foster & Alongi estimated that at least 100 acre feet of tars were disposed in 
the waste lagoon area of the Siltronic site.  (Maul Foster & Alongi, 2007, page 
2-4)  Based on measurements made in 1960 by CH2MHill of the thickness of 
subsurface tar, Gasco’s consultant, Hahn & Associates estimated that 40,000 
cubic yards of semi-solid waste material remained in this area at that time 
(NWN 104(e) Response, page 67).  

Tarry material remaining beneath the settling ponds on the Gasco Site was 
characterized in 1996. Elevated levels of carcinogenic PAH (benzo(a)pyrene, 
chrysene, benzo(a)anthracene, benzo(b)fluoranthene, benzo(k)fluoranthene,  
indeno(1,2,3- cd)pyrene and dibenzo(a,h)anthracene), total PAH (carcinogenic 
PAH plus acenaphthene, acenaphthylene, naphthalene, phenanthrene, 
anthracene, fluoranthene, fluorene, pyrene and benzo(g,h,i)perylene ) and 
benzene were detected. Total PAH exceeded 21,000 parts per million in the 
sediment below the ponds (Hahn 1997, Exhibit 3, page 6).  

Although the ponds and lagoon did not receive wastes after MGP production 
ceased, liquid wastes remained in them until approximately 1966 to 1967 (Maul 
Foster Alongi 2007, page 2-3; Appendix A, Photograph A-13, 8 11 66). In 1973, 
the larger settling pond was filled. At that time the pond contained 
approximately 30,000 cubic yards of tar (NWN 104(e) filing, page 66) The 
waste tar was mixed with quarry rocks and spent oxide and used as fill for an 
area immediately inland of the river embankment (NWN 104(e) Response, 
page 66; Hahn 2007a, Appendix A page 50)  Site investigations show that this 
area currently has 25-30 feet of fill mixed with tar (NWN 104(e) Response, 
page 66).  

MGP wastes remaining on the Allen Tract after NWN sold the parcel were 
incorporated into fill for the current Siltronic site during 1967 to 1978 (Maul 
Foster & Alongi, 2007, page 2-5)  The EPA CERCLIS files include an Inventory 
Sheet for “ Possible Sources of Hazardous Materials” for the Wacker and 
Koppers’ sites that indicate that fill comprised of tar bottoms was placed in 
North Doane Lake (EPA 1979) In addition, City of Portland records indicate that 
almost 700,000 cubic yards of material dredged from the Willamette River were 
incorporated into fill for the current Siltronic site. This dredge material likely 
included sediments impacted by MGP wastes (Maul Foster Alongi 2007, page 
2-5).  
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Solid waste from the MGP process included solidified tars and spent oxide. 
Spent oxide was comprised of wood shavings that had been impregnated with 
iron oxide to absorb cyanide and other gaseous constituents and residue from 
the gas purification process. This material was placed in large piles on the 
northern portion of the Gasco Site (Hahn & Associates 2007a, Appendix A, 
page 18) These piles were estimated to have 80,000 to 94,000 cubic yards of 
waste in 1956 (NWN 104(e) Response, page 66).  Spent  oxide was removed 
from the Site in 1973 and disposed at a sanitary landfill.  Spent oxide material 
may have remained on Site and ultimately been mixed with quarry rock and tar 
to fill in the effluent tar pond area in the eastern corner of the Site (NWN 104(e) 
Response, page 66).   

A second spent oxide/gas purification waste pile area was located south of the 
Gasco/Siltronic border as seen in a 1995 aerial photograph (Hahn 2007a, 
Appendix A page 28)  This waste pile area held an estimated 34,000 cubic 
yards of waste until at least 1962 (Hahn 2007a, page 21). Aerial photographs 
indicate that MGP waste, including spent oxide, was spread across the current 
Siltronic site during filling and grading operations conducted from 1967 to 1978 
(Maul Foster & Alongi, 2007, page 2-5). 

Both spend oxide piles were likely affected by flooding in 1948 and 1965, 
releasing unknown amounts of waste into the Willamette River (NWN 104(e) 
Response page 64).  

Although PG&C managed lampblack as a product, not a waste,  it was stored 
in piles on the site and some lampblack would be in the process waste waters.  
(NWN 104(e) Response, page 36; Hahn 2007a, Appendix A, p 28) Flooding in 
1948 and 1965 also appears to have impacted the lampblack storage piles 
(NWN 104(e) Responses, page 36).  

4.3 Site Investigations and Adequacy 

4.3.1 Extent of Investigation 

Initial investigations of the Gasco site were related to visual observations of oil 
and tar in the Willamette River. The EPA CERCLIS file includes a 1979  report 
of a sheen on the river from a pipe draining the  Siltronic site into the 
Willamette River just west of the railroad bridge (EPA ,1979)  The Portland 
Harbor Control and the Oregon State Sanitary Authority filed complaints with 
PG&C in 1950 regarding oil in the River from the Gasco Site. The Corps of 
Engineers in 1952 filed a complaint regarding oil coming from the PG&C south 
sewer and the Coast Guard in 1971 filed a water pollution report regarding 
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heavy oil and tar on the west bank of the Willamette River.  (NWN 104(e) 
Response, pages 108-109).  

EPA added the Gasco Site to CERCLIS in 1979 (DEQ ECSI Site 84). EPA’s 
contractor Ecology and Environment conducted a preliminary assessment of 
the Site in the 1980s (OR DEQ 1987) Oregon DEQ added the site to its 
Confirmed Release List in 1994 (DEQ ECSI Site 84).  

In 1993, NWN entered the Oregon DEQ’s Voluntary Cleanup Program and in 
1994 signed an agreement to conduct a remedial investigation and feasibility 
study (RI/FS) for the Gasco Site. This agreement was amended in 2006 to add 
the requirement that NWN investigate the nature and extent of MGP waste 
impacts on the Siltronic site (NWN 104(e) Response, page 131) Numerous site 
investigations have been completed in an effort to understand the nature, 
extent and impact of MGP waste on both the Gasco and Siltronic sites and in 
the Willamette River (Hahn 1997, 1998, 2005, 2006, 2007a, 2007b, 2009a, 
2009b; Maul Foster Alongi 2005, 2007, Anchor 2008, Anchor 2009). 

Rhese investigations confirm that Gasco operations and waste disposal 
practices, followed by the fill and regrading of the Siltronic site, resulted in 
environmental impacts.  Groundwater plumes of benzene and naphthalene in 
the surficial fill layer extend from the Gasco Site to the Doane Lake area (Hahn 
2007a, Appendix O, pages 626 and 629)  Dense non-aqueous phase liquid 
(DNAPL) is present in surficial fill over much of the Siltronic site (Hahn, 2007b, 
Figure 2-3 and Table 26; Hahn 2009b, Figure 1).  

The PAH fingerprint of DNAPL in upland areas at Siltronic was evaluated and 
the source determined to be “unquestionably pyrogenic and directly linked to 
the PG&C MGP operation and subsequent waste disposal activities.” (Trillium 
2005, page 2)  Fingerprint analysis of petroleum hydrocarbons in groundwater 
at the Siltronic site also determined that these contaminants were derived from 
Gasco MGP waste.  (Trillium 2005, page 9). 

Soils and groundwater in the area of the NDP contain constituents directly 
attributable to MGP wastes. DNAPL was noted in surficial fill in the area of the 
NDP. Soil borings taken in these areas contain visible tars with the 
characteristic odor of MGP waste.(Hahn, 2007, Figure 2-3 and Table 26)  The 
detections corroborate the reports and photographic evidence that filling and 
grading activities on the site spread residual MGP waste over the site and that 
MGP waste was used as fill.  (Maul Foster Alongi, 2007, page 2-5; Hahn 2007a 
Appendix O, pages 36-44; EPA 1979).  

Surficial fill and groundwater sampled in 2008 from Well NWN 5-20 (located 
near the NDP) contained elevated levels of naphthalene (740 ug/l) as well as 
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BTEX and the full suite of MGP PAH, including benzo(a)pyrene, chrysene, 
benzo(a)anthracene, benzo(b)fluoranthene, benzo(k)fluoranthene,   
indeno(1,2,3-cd)pyrene, dibenzo(a,h)anthracene,  acenaphthene 
athacenaphthylene, phenanthrene, anthracene, fluoranthene, fluorene, pyrene 
and benzo(g,h,i)perylene (Hahn 2009, Tables 4a and 4b and Figure 2a)  

PAH detected in the NDP sediments included a mix characteristic of MGP 
waste including acenaphthene, phenanthrene, anthracene, fluoranthene, 
benzo(a)anthracene, benzo(g,h,i)perylene, chrysene, fluorene, indeno(1,2,3-
cd)pyrene, pyrene and carbazole, (Hahn 2005, p37). 

Along with the direct placement of MGP waste into NDL (EPA 1979), the lake 
may have been impacted during Site filling and grading activities by transport of 
liquid MGP wastes from the lagoon area.  An aerial photograph from 1967 
shows an apparent dark drainage connection from the MGP waste lagoon area 
on the Siltronic site that runs into NDL (Hahn 2007a, Appendix A page 36).   

Doane Creek, which runs along the western boundary of the Siltronic site, was 
constructed in 1967 during the filling and grading of the Siltronic site.  The 
creek, along with discharge from NDL, drains to Outfall 22C.  Two culverts 
drain to the creek, one of which carries stormwater from the Koppers’ portion of 
the Gasco site (Hahn & Associates, 2006, page 3) Flow observations suggest 
that shallow groundwater may be seeping into the culvert pipe in proximity to 
the southern end of the Siltronic site. This shallow groundwater would come at 
least in part from areas with observed MGP DNAPL/tars (Hahn 2006, page 21)  
Levels of PAH  and cyanide within water discharged from Outfall 22C were 
highest when the majority of flow was suspected as being derived from this 
groundwater infiltration (Hahn 2005, page 21).  

Analyses of surface water samples, transition zone water and shallow and 
deep groundwater from the Willamette River offshore of the Siltronic site found 
MGP constituents present at elevated levels at distances up to 600 feet east of 
the Gasco Site boundary. MGP constituents detected include the aromatic 
hydrocarbons benzene, toluene, ethylbenzene and xylenes as well as PAH, 
including benzo(a)pyrene, chrysene, benzo(a)anthracene, 
benzo(b)fluoranthene, benzo(k)fluoranthene,  indeno(1,2,3-cd)pyrene, 
dibenzo(a,h)anthracene,  acenaphthene, acenaphthylene, naphthalene, 
phenanthrene, anthracene, fluoranthene, fluorene, pyrene and 
benzo`(g,h,i)perylene ) (Maul Foster & Alongi, 2005, page 4-9, 4-10)  
Napthalene was detected in 90 of 120 samples, with a maximum value of 
17,100 ug/l, while benzene, detected in 81 of the 120   samples, had a 
maximum concentration of 5,490 ug/l (Maul Foster Alongi 2005 pages 4-9 and 
4-10). 
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4.3.2 Extent of Testing 

Phase 1 of the NWN Remedial Investigation/Feasibility Study (1998) appears 
to be the first testing program for the Gasco Site that addressed the entire area 
and potentially affected media. Analytical testing was conducted on soils, river 
sediments, groundwater and surface waters. Analyses were, however, limited 
to those chemicals known or suspected to be associated with MGP operations 
including PAH, phenols, BTEX, cyanide and metals.(Hahn & Associates 1998)  

Phase 2 of the RI/FS ( 2007), expanded the investigation to address questions 
on the lateral and vertical extent of contamination as well as tar migration and 
groundwater flux to the river.  Analyses included expanded lists of volatile and 
semivolatile organics as well as PAH and BTEX; metals, cyanide and total 
petroleum hydrocarbon analyses (Hahn 2007a)   

Sampling and analyses were conducted in 2005 to characterize impacts to the 
City of Portland Outfall 22C.  Flow measurements were taken and surface 
water samples were collected on a seasonal basis at the outfall, the NDP, 
North Doane Lake, the Koppers’ stormwater drainage culvert and the Tualatin 
Hills drainage culvert and analyzed for volatile organics, semivolatile organics, 
PAH, metals and total and amenable cyanide. Sediment samples were 
collected from the NDP and within the Doane Creek channel.  These samples 
were analyzed for semivolatile organics, PAH, metals and total and amenable 
cyanide.  (Hahn 2006) 

NWN is responsible for quarterly monitoring of groundwater over the Gasco 
and Siltronic sites. An array of wells covers the sites (Hahn 2009, Figures 2 
and 2(a), pages 166-167) Samples are analyzed for volatile organics, 
semivolatile organics, PAH, priority pollutant metals and total and amenable 
cyanide.  (Hahn 2009a, Tables 3 and 4)  

Investigations were conducted at the Siltronic site and found MGP impacts on 
the site. As summarized in the 2007 Remedial Investigation (Maul Foster & 
Alongi, 2007, pages 2-10 through 2-12), Investigations included: 

● 1985  A Preliminary Report—Soil Investigation For Proposed Polysilicon 
Plant,  CH2M Hill, 1985. Soil samples collected from borings contained 
significant concentrations of PAHs. Groundwater samples collected from 
the wells contained elevated concentrations of PAHs characteristic of MGP 
waste.  

● 1988 The USEPA Preliminary Assessment of the Siltronic facility, 1988. 
EPA determined no further action related to the MGP impacts was required 
since the Doane Lake area investigation was in process. 
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● 1990 Findings Report: Groundwater and Soil Gas Investigation, CH2M Hill. 
The report identified impacts to soil and groundwater characteristic of 
petroleum hydrocarbons. 

● 1997 Portland Harbor Sediment Investigation Report, Multnomah County, 
Oregon (prepared for USEPA Region X by Roy F. Weston). Report 
identified significant impacts characteristic of MGP waste to Willamette 
River sediments adjacent to Siltronic property.  

● 2001-2003 On behalf of NWN, Hahn and Associates, Inc (HAI) performed a 
groundwater investigation of limited portions of the Siltronic sitey as part of 
the NWN RI. The results of the soil and groundwater sampling identified 
MGP impacts in the western borings.  

NWN’s voluntary agreement with DEQ was amended in 2006 and NWN agreed 
to investigate the impacts of MGP waste on the Siltronic site (NWN R104(e) 
Response, page 136).  The work plan, as submitted in 2007, was to address 
data gaps for groundwater, soils, DNAPL and surface water (specifically the 
potential for impact on Outfall 22C ).(Hahn, 2007b, pages 4-7) The work plan 
described an approach including installation and sampling of monitoring wells 
in surficial fill, push probe borings and TarGOST borings.( Hahn, 2007b, pages 
10-24).  A supplemental submittal to DEQ in 2009 included a map detailing 
findings to date, showing areas of evident solid and tar MGP waste over much 
of the Siltronic site (Hahn 2009, Figure 1) The final report for the investigation 
of MGP impacts on the Siltronic site has not been submitted. 

4.3.3 Interim Actions/Remediation 

Remedial actions taken to remove contaminants at the Gasco Site include: 

● DNAPL removal: NW Natural installed a pilot-scale DNAPL recovery well in 
2000 which in the first 7 years of operation removed approximately 1,250 
gallons of DNAPL (NWN 1049e) Response, page 128; Hahn 2007a, page 
58) 

● Removal of a tar body from the Willamette River: In 2005, NW Natural 
removed 15,300 cubic yards of tar and impacted sediment from the river 
bed. The area was capped with sand and armor material. NW Natural 
conducts quarterly monitoring of the cap, pore water and sediment 
redeposition in the area (Hahn 2007a, page 61) 
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Additional measures have included: 

● At a minimum, weekly visual monitoring for oil sheens in the river began in 
2008.(OR DEQ 2008) 

● Two corrosion-protection groundbed boreholes for pipelines were 
decommissioned to remove a potential conduit for migration of 
contamination (Hahn 2007a, page 59) 

● An open stormwater ditch was eliminated by the installation of a pipe to 
carry stormwater and non-contact cooling water from the liquid natural gas 
plant (Hahn 2007a, page 60) 

● Storm water and groundwater seeping into the liquid natural gas 
containment basin is treated with granulated activated charcoal before 
discharge to the Portland POTW (Hahn 2007a, page 60) 

● Riverfront signs were placed warning of environmental hazards and fish 
consumption advisories (Hahn 2007a, page 57) 

In September 2009, EPA approved a proposal to complete an engineering 
evaluation/cost analysis for removal of additional sediments from the river 
along the Gasco and Siltronic sites (mile 6.1-6.8). EPA notes that materials in 
this area have the highest level of PAH contamination in the entire Portland 
Harbor and concludes that the site “presents an imminent and substantial 
threat to human health and the environment. “ (EPA Memorandum, S. 
Sheldrake to L. Cohen, 9/9/2009) 

No remedial actions taken by NWN or Siltronic have removed MGP related 
contamination on the Siltronic site, Outfall 22C, the NDP or North Doane Lake. 

4.4 COIs 

4.4.1 Identified COIs 

The DEQ ECSI database lists oil gasification wastes including tars, oil, 
creosote, phenols, PAHs, BTEX and lead, as hazardous substances 
associated with the Gasco Site (DEQ, 2010). Individual COIs identified based 
on the RI include volatile organics (benzene, toluene, ethylbenzene, xylenes), 
metals, including arsenic, cadmium, chromium, copper, nickel, lead, and zinc;  
semivolatile organics including naphthalene, phenanthrene, acenaphthene, 
acenaphthylene. anthracene,, benzo(a)anthracene, benzo(a)pyrene, 
benzo(b)fluoranthene benzo(g,h,I,)perylene, benzo(k)fluoranthene, chrysene, 
dibenzo(a,h)anthracene fluoranthene, indeno(1,2,3-cd)pyrene, pyrene, 
carbazole, dibenzofuran, 1-methylnaphthalene, and 2-methylnaphthalene. The 
RI also listed phenols including 2,4-dimethylphenol 3,4-dimethylphenol 2-
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methylphenol,  4-methylphenol, phenol and carbazole and cyanide (Hahn 
2007a, page 27) Table 3-X provides a listing of COIs. 

4.4.2 COIs that Overlap with RP COIs 

RP chemicals of interest include the PAH benzo(a)pyrene, 
benzo(b)fluoranthene, naphthalene and phenanthrene, all of which are  
GASCO COIs and directly attributable to MGP waste.  Both sites also focus on 
the metals arsenic, lead and zinc, although both oil and coal gasification 
wastes are known to contain multiple metals related to the metals present in 
the source oil or coal.   

4.4.3 COIs not Tested for that Likely Overlap with RP COIs 

No data for PCBs, pesticides, herbicides or dioxins were found in the records 
for the Gasco Site investigations.  Although PCBs are not typically associated 
with MGP processes, the long history of industrial activities at the site 
combined with limited records would normally warrant screening for their 
presence (e.g. NYS DEC, 2010 page 21). 

Sediments from stormwater catch basins from the Gasco and Siltronic sites 
were sampled in 2008 and analyses for PCBs conducted as well as for PAHs, 
metals and selected semivolatiles. PCBs were detected in catch basin samples 
from the northern portion of the site (the tank farm area) and from the area of 
the LNG plant offices, Levels detected were above the Portland Harbor Joint 
Source Control Strategy screening values (Anchor 2008, page 12) Both areas 
discharge to the Willamette River through WR-107 (Anchor 2008, Figures 1 
and 2) An additional catch basin in the southeastern corner of the site, near the 
entrance to the Koppers’ area  was identified that may drain into Doane Creek 
and subsequently into Outfall 22C. PCBs were also detected in sediments from 
this catch basin, suggesting that PCBs from the Gasco Site may have impacted 
the Doane Creek, NDP, and the Outfall 22C system, and been discharged to 
the Willamette River (Anchor 2009, page 5 Figure 1). 

No reports of testing for dioxins or herbicides have been reported for the site. 
NWN reported annual use of pesticides for vegetation and insect control.  
((NWN 104(e) Response, page 83-84). 

5.0 Gould 

5.1 Background 

The NL/Gould property is a 9.2 acre property at 5919 NW 61st Avenue in 
Portland, Oregon.  It is located adjacent to the RP property, east of the HA and 



 
 

   
 11/16/10 Page 83 

 

southeast of the NPA.  Portions of the NL/Gould Site were within the former 
Doane Lake boundary.  The NL/Gould property is approximately 1,000 feet 
from the Willamette River.   

The property was a secondary lead smelter and refinery that included cable 
sweating, lead-acid battery recycling,  lead oxide production, and zinc alloying 
operation from 1949 to 1981 (USEPA, 1988).  These activities resulted in the 
disposal of battery casings, battery acid, and secondary lead smelter residuals 
on the NL/Gould Site and former Doane Lake, including the RP NW Property 
Area and the former East Doane Lake (USEPA, 2000).  Hazardous materials 
and COIs on the NL/Gould property include but are not limited to battery 
casings, metals (arsenic, antimony, beryllium, cadmium, chromium, copper,  
lead, tin, and zinc) sulfuric acid, ammonia, PAHs, SVOCs (Bis(2-ethylhexyl)-
phthalate), VOCs (TCE and 1,1,1-TCA), PCBs, and PCDD/PCDFs.  An 
estimated 86,900 tons of battery casings and 6,570,000 gallons of battery acid 
were disposed of on the Gould property, the RP NW property area, and in East 
Doane Lake (USEPA, 1988).  Impacted media include soil, groundwater, and 
former lake surface water and sediment.  A list of the COIs is provided in Table 
3-A.  

5.2 Site Activities 

5.2.1 Activities, Processes and Chemicals Used 

Historical operations at the NL/Gould property included lead acid battery 
recycling, secondary lead smelting, lead refining/lead oxide manufacturing, 
cable sweating and zinc alloying. 

Lead Acid Battery Recycling: 

Lead acid battery recycling occurred from 1949 to about 1981 (Dames and 
Moore, 1987).  The first step in recycling the lead acid batteries was decasing.  
This was accomplished using a battery saw, puller, or guillotine to cut open the 
case and remove the lead plate components (groups) from the battery.  The 
battery casings and battery acid were crushed and disposed of on both the 
NL/Gould property and former Doane Lake, including the RP NW Property 
Area and East Doane Lake (USEPA, 2000).  The lead groups were sent to the 
secondary lead smelter for processing. 

Secondary Lead Smelting: 

A blast furnace installed in 1949 by Morris P. Kirk and Sons (a subsidiary of NL 
Industries Inc.) was operated until 1973 as part of the secondary lead 
smeltering process (Dames and Moore, 1987).  After shutdown of the 
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secondary lead smelter in 1973, batteries continued to be recycled  but lead 
groups were shipped to an NL smelter in Vernon, California (Moore dep, 
43:23). Feed to the blast furnace of the secondary lead smelter consisted of 
battery groups, lead drosses from refining and fume (fine particulate) from the 
bag house (Moore, 24:8-9).  The feed also included flux (Moore, 24:13) which 
typically consisted of iron (heavy and light), silica or lime rock (Moore, 114:12-
115:8). 

The exhaust from the secondary lead smelter was sent to a bag house for 
emission controls (Dames and Moore, 1987).  The Oregon Department of 
Environmental Quality (DEQ) observed numerous air quality violations at the 
NL/Gould property between 1967 and 1972 (USEPA, 1988).  Past employees 
indicated that issues with the bag filter system included torn bags, bags falling 
off hangars, and bag filter bypass via a bypass valve (Reams, 236-238 and 
Moore, 156:15). 

Lead Refining and Lead Oxide Manufacturing: 

The lead produced by the smelter was refined at the NL/Gould property.  
Reagents used in refining included: sawdust, charcoal, caustic (soda) and 
(sulfur) (Moore, 230:4-5).  Sulfur was added to remove copper (Moore, 235:11-
12).  Drosses rich in antimony, arsenic, and tin were added to form various 
alloys (Reams, 244:11-13 and Moore, 78:14-20).  The final step of the refining 
process was to add water to remove sulfates/sulfides (Moore, 238:1-4).   

The lead oxide manufacturing facility started in about 1965 (Dames and Moore, 
1987).  The lead oxide manufacturing utilized the Barton Pot process (Reams, 
171:8-12) and produced lead oxide for sale to local battery manufacturers 
(Reams, 166:15-16).   

Cable Sweating: 

Cable sweating occurred in a sweat furnace in a building between the 
secondary lead smelting operations and East Doane Lake (Moore, 77:22-78:9 
and exhibit 506).  The cable sweating was performed to separate copper and 
lead from lead-lined copper cables.  The cable feed to the sweat furnace also 
contained insulating paper (Moore, 175:9-13) and occasional PVC joints 
(Moore, 174:11).  The cable also contained plastic insulation material and PCB 
(Dames and Moore, 1987, cite for PCBs).  

Zinc Alloying: 

The zinc alloy process was located in the southwestern corner of the NL/Gould 
property along the boundary of the former RP Site (Moore, 75:1-15 and exhibit 
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506). The zinc alloy process used zinc alloy scrap from local hardware 
manufacturers (Reams, 28:16-29:2) and old stamping dies from Boeing 
(Reams, 104:22-23).  The zinc dies were melted in kettles (Reams, 128:5) and 
alloyed to produce high-beryllium alloys (Reams, 104:18 and 105:4).  The zinc 
alloys were typically sent back to Boeing for use in stamping dies (Reams, 
104:15-16). 

5.2.2 Waste 

The Environmental Protection Agency (EPA) Record of Decision (ROD) for the 
NL/Gould Site states:  "During facility operations, discarded battery casing 
materials and other lead smelter wastes were used as fill on the NL/Gould Site 
and an adjacent property. Acid from batteries was drained to East Doane Lake 
during several years of operation" (USEPA, 2000).  Manifests or off-site 
disposal records have not been provided for the NL/Gould Site, suggesting that 
the majority of wastes (e.g. matte) generated during facility operation were 
deposited on the NL/Gould Site, adjacent properties, or East Doane Lake.  
Hydraulic fill from the Willamette River was also placed in portions of the 
NL/Gould Site (Section 3.2.2.2 of Dames & Moore, 1987).   

 Waste battery casings were disposed on the NL/Gould Site and former Doane 
Lake, including the RP NW Property Area and East Doane Lake, during 
secondary lead smelting and battery recycling operations (Section 3.2.1 of 
Dames and Moore, 1987). Starting in 1972 with shutdown of the secondary 
smelter, the battery casings were disposed on the NL/Gould Site in the vicinity 
of East Doane Lake.  The battery cases could not be disposed of on the 
NL/Gould property prior to shutdown of the secondary smelter because of 
potential for combustion when the casings contacted hot waste matte material 
(Moore, 68:1-5). 

From 1949 through 1976, the battery acid was drained out of the battery 
casings into a sump to separate lead oxides from sulfuric acid, and then 
discharged to Doane Lake (Section 3.2.1 of Dames and Moore, 1987).  After 
1976 the battery acid was neutralized with anhydrous ammonia and discharged 
to the City of Portland sewer system (Dames and Moore, 1987; and Moore, 
70:14-15).   

The primary lead smelter bag house wastes included fume which was recycled 
to the blast furnace (Moore, 24:8-9) and spent bags which were disposed in the 
blast furnace (Moore, 170:16).  Wastes from the lead oxide manufacturing 
process included dross that was recycled to the secondary lead smelter 
(Reams, 175:11-13). 
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The 1987 Remedial Investigation (RI) Report shows the timing of fill activities 
and locations of battery casings and matte disposal prior to remedial activities).  
Auto fluff waste from the Schnitzer property was disposed primarily on the 
Schnitzer/Air Liquide Site and in East Doane Lake, but also in the northern 
portion of the NL/Gould property (Dames and Moore, 1987, Figures 3.2-2 and 
3.2-3). 

In the 1988 EPA ROD, the EPA estimated that “86,900 tons of battery casing 
and 11,800 tons of matte” were disposed at the site and adjacent properties.  
The matte was a metallic sulfide waste from the lead smelting process 
(USEPA, 1988).  

In the 1997 Amended ROD, EPA revised the estimate of the quantities of 
battery casings on the NL/Gould and RP NW Property Area (9,700 CY and 
28,500 CY, respectively, for a combined 38,200 CY revised estimate).  
Additionally, the 1997 Amended ROD estimated “68,000 cy (108,800 tons 
assuming a unit weight of 1.6 tons per cubic yard) of untreated contaminated 
materials remained on-site (after the 1993 remedial activities).”  Of this amount, 
approximately 15,000 cy (24,000 tons assuming a unit weight of 1.6 tons per 
cubic yard) of contaminated material that has already been excavated is 
stockpiled on-site” (USEPA, 1997a). 

5.2.3 Distinguishing Compounds 

Metals and Inorganic Compounds 

The 1988 ROD identified the following constituents of interest (COIs) 
attributable to the NL/Gould Site:  lead, cadmium, zinc, and sulfate (USEPA, 
1988)).  Testimony from former NL/Gould employees also identified iron, which 
was used as flux; tin, antimony, and copper which were removed in the refining 
process and were likely disposed on Site; zinc from the zinc alloy processes, 
and beryllium which was used in formation of zinc alloys (Moore, Reams).  
Secondary lead smelters are known sources of arsenic (USEPA, 1982; 
USEPA, 1998b).  

Battery acid (sulfuric acid) was discharged to West Doane Lake between 1949 
and 1976.  After 1976, waste battery acid was neutralized with ammonia prior 
to discharge to the City of Portland sewer system.   

VOCs 

Several small (quart to gallon size) containers of 1,1,1-TCA and TCE were 
removed from the office building during the 1998 remedial action (AGC, 2001).  
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PAHs and SVOCs 

Secondary lead smelters are known sources of PAHs from combustion of 
rubber (ebonite) and PVC battery case fragments (USEPA, 1998c).   Bis(2-
ethylhexyl)-phthalate is common as a plasticizer in PVC and in wire/cable 
sheathing (ATSDR, 2002). 

PCBs 

The cable sweating operation received paper-insulated lead cable (PILC).  The 
insulating paper in PILC is a potential source of PCB compounds (Lauterback, 
1996 and ICS-UNIDO, 2000).  The potential origins of PCBs in PILC insulating 
paper include use of PCBs during manufacturing (Lauterback, 1996) and the 
migration from PCB-containing equipment during use (transformers).  PCBs 
were used during the construction of PILC as an impregnating dielectric fluid in 
the paper insulation (NYSDEC, 2004).  Previous studies indicated that PCBs 
were detected above 50,000 ug/kg (most frequently Aroclor 1254) in 
approximately 6% of PILC samples (Lauterback in EPRI, 1999).  

The 1987 RI Report indicates that the waste auto fluff from the Schnitzer 
property was disposed in the northern portion of the NL/Gould Site in the 
vicinity of East Doane Lake (Dames and Moore, 1987; Figure 3.2-3).  PCBs 
were detected in 10 of 10 samples collected from the auto fluff material on the 
Schnitzer property (ICF Kaiser, 1990).  Limited arochlor data was available in 
the ICF Kaiser report; however, Arochlor 1254 was reported as detected in the 
majority of the samples. 

Dioxins and Furans 

Secondary lead smelters are known sources of dioxins and furans (UNEP, 
2005; USEPA, 1997b and USEPA, 2006).  The cable sweating operation 
resulted in combustion of insulating paper (Moore, 175:11-13) and occasional 
PVC joints (Moore, 174:11) and potentially insulating plastic.  The insulating 
paper in lead-lined copper cables is a potential source of PCB compounds 
(Lauterback, 1996 and ICS-UNIDO, 2000).  PVC was also used as a battery 
separating material and therefore would have been part of the feed to the lead 
smelter. Combustion of PVC and PCB compounds is a known source of dioxins 
and furans (USEPA, 1997b; USEPA, 2006).Dioxins and furans are also present 
in flue gas treatment residuals (i.e. bag house dust) (UNEP, 2005).  

5.2.4 Extent of waste generated and/or disposed on-site 

The 1987 RI Report shows the locations of battery casings and matte disposal 
attributable to the NL/Gould Site (Dames and Moore, 1987; Figure 3.2-3).  This 
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figure also shows the location of the waste auto fluff from the Schnitzer 
property that was disposed in the northern portion of the NL/Gould Site in the 
vicinity of East Doane Lake.     

The 1994 Site Characterization Final Report (Figures 4-1 and 5-1) shows the 
extent of matte and battery casing disposal.  Matte and battery casing disposal 
on the NL/Gould property occurred on the northern portion of the property in 
the vicinity of and directly into East Doane Lake (Figure 4-1).  Matte and battery 
casing disposal occurred on the RP NW Property Area on the northeastern 
portion of the RP property in the vicinity of West Doane Lake (Figure 5-1).  
Trench test pit results from this report indicated that matte and battery casings 
were encountered in the northern portion of the NL/Gould property to a depth of 
20 ft below ground surface (trench 11 sections A and B in Table 4.2) and over 
a significant portion RP NW Property Area to a depth of 30 feet below ground 
surface (trench 2 section C in Table 5.1) (Canonie, 1994). 

5.3 Site Investigations and Adequacy 

5.3.1 Extent of Investigation and Extent of Testing: 

The majority of the site investigation activities are summarized in the following 
reports.  A brief description of the extent of investigation activities follows the 
report listing. 

● Remedial Investigation, Gould Site, Portland, Oregon prepared by Dames 
and Moore, November 1987.  This report documents investigation activities 
including sampling of soil, sediment, waste, and/or groundwater from the 
NL/Gould, RP NW Property Area, ESCO, Schnitzer, and Air Liquide Sites.  
The samples were analyzed for metals and general chemistry parameters 
(pH, sulfate). This report does not include laboratory analytical results for 
organic compounds (i.e. PAHs, dioxin/furans, VOCs, SVOCs and PCBs).  

● Review of Organics Data Collected at the Gould Superfund Site; prepared 
by ENVIRON International Corporation (Environ); 12/1/1994.  This report 
documents investigation activities including sampling of soil, sediment, and 
groundwater.  The majority of the analytical data presented in this report 
were focused on the RP NW Property area, East Doane Lake sediments, 
and the southern portion of the NL/Gould Property in the vicinity of the RP 
Site.  

●   Amended Remedy Document for the Gould Site; prepared by Environ; 
January 26, 1996. This report documents investigation activities including 
sampling of soil, wastes, sediment, surface water, and groundwater.  The 
majority of the analytical data presented in this report were focused on the 
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RP NW Property area, East Doane Lake sediments, and the southern 
portion of the NL/Gould Property in the vicinity of the RP Site.    

Post 1997 ROD sediment sampling results for samples collected from the East 
Doane Lake are summarized in: 

● Data Summary Report, East Doane Lake Sediment Investigation; prepared 
by Ecology and Environment, Inc; April 24, 1998 (E&E, 1998) 

● RPAC Comments on DEQ’s Remedial Action Decision Memorandum, East 
Doane Lake Sediments; prepared by Woodward-Clyde; June 8, 1998 
(Woodward-Clyde, 1998) 

● East Doane Lake Sediment Samples Collected March and May 1998, 
Preliminary Organic and Inorganic Results; prepared by ENVIRON; August 
8, 1998 (Environ, 1998) 

The Final Report for Early Remedial Action and Remedial Action dated March 
19, 2001 prepared by Advanced Geosciences Corp (AGC), described 
confirmatory sampling results following remedial excavation activities.  Post-
remedial confirmatory sampling was largely limited to total lead and EP toxicity 
lead. 

The following presents a summary of significant detected compounds 
attributable to NL/Gould site activities from available site investigation reports: 

Metals and Inorganic Compounds 

● Soil:   

○ Early investigation reports documented shallow and deep impacts of:  

○ Lead: detected in at least 14 subsurface soil samples above the 
SLV of 128,000 ug/kg including 67,000,000 ug/kg at W-7S,  

○ Arsenic: detected in at least 2 subsurface soil samples above the 
SLV of 33,000 ug/kg including 87,400 ug/kg at W-15D, 

○ Zinc: detected in at least 28 subsurface soil samples above the SLV 
of 3,000 ug/kg including 1,000,000 ug/kg at W-15D (Table 4.5-1 
Dames and Moore, 1987).   

○ The post-excavation confirmatory results for lead indicate that 
numerous sampling locations at the NL/Gould property and RP NW 
Property Area remain above the JSCS soil SLV for lead (AGC, 
2001). Post-excavation confirmatory sampling was not completed 
for arsenic and zinc. 
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○ Matte:   

○ Total lead was detected between 64,000,000 ug/kg and 
110,000,000 ug/kg in 6 of 6 matte samples (above the SLV of 
128,000 ug/kg).  EP lead, EP arsenic and/or EP cadmium were 
detected above laboratory reporting limits (Table 3.2-5 from Dames 
and Moore, 1987) 

○ Soil stockpile and stabilized blocks: 

○ Arsenic, cadmium, chromium, lead, and/or zinc were detected at 
concentrations above the JSCS SLVs (Tables 3 and 4 from Environ, 
1996) in the majority of soil stockpile and stabilized block samples.  
Materials within the NL/Gould property and a small portion within the 
former Doane Lake area were excavated and placed in the OCF as 
part of the 1998 remedial activities, however, post-remedial 
confirmatory sampling for arsenic, cadmium, chromium, or zinc was 
not completed. The majority of the NL/Gould waste materials 
disposed on the RP NW Property Area was not excavated.  

● Groundwater:   

○ Early investigation reports documented 3 groundwater sampling events 
between 1986 and 1987 (Table 4.5-5 from Dames and Moore, 1987) 
with detected impacts from: 

○ Arsenic: at least 50 samples with dissolved arsenic concentrations 
detected above the JSCS SLV of 0.014 ug/l including 740 ug/l at W-
16S,  

○ Chromium: at least 50 samples with dissolved chromium 
concentrations detected above the JSCS SLV of 100 ug/l  including 
200 ug/l at W-7D,  

○ Lead: at least 60 samples with total lead detected above the JSCS 
SLV of 0.54 ug/l including total lead detected at 5,900 ug/l at W-7S, 

○ Zinc: at least 30 samples with dissolved zinc detected above the 
JSCS SLV of 33 ug/l including dissolved zinc detected at 13,000 
ug/l at W-7D, and 

○ Nitrate: detected at 42,000 ug/l at W-15I.  

○ The 2000 ROD includes data from 1999 for total lead analytical data 
with numerous samples above the 0.54 ug/l JSCS SLV.  The 2000 
ROD does not include recent data for arsenic, chromium, zinc, or 
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nitrate and many other compounds identified above and for which 
no testing was conducted (USEPA, 2000) 

● Surface water:   

○ Lead and zinc were detected above their respective JSCS SLVs in 
samples collected from the East Doane Lake and West Doane Lake 
remnants (Table 4.5-9 from Dames and Moore, 1987). 

PCBs 

● Soil: 

○ PCBs (arochlor 1254) were detected above the JSCS SLV in 2 of 2 
samples analyzed during over-excavation of drainage swales adjacent 
to the completed OCF (Appendices EE and FF of AGC, 2001). 

● Sediment:   

○ PCBs were detected in sediment samples from East Doane Lake on the 
Air Liquide/Schnitzer Site including SS-1 (Aroclor 1254 at 910,000 
ug/kg and Aroclor 1260 at 290,000 ug/kg) and SS-2 (Aroclor 1260 at 
4,500 ug/kg)   (Environ, 1994). 

○ PCBs (Aroclor 1242 and 1254) were detected in 3 East Doane Lake 
sediment samples at concentrations up to 4,400 ug/kg (Arochlor 1242) 
(Table 6 of Environ, 1996). 

○ PCBs (Aroclor 1254) were detected in 1 East Doane Lake sediment 
sample at an estimated concentration up to 3,200 ug/kg (Table 1 of 
Environ, 1998). 

○ Shallow sediments from East Doane Lake were dredged and placed in 
the OCF as part of the 1998 remedial activities, however, post-remedial 
confirmatory sampling for PCBs was not completed. 

● Groundwater: 

○ NL/Gould sampling data for PCBs is limited or not available for 
groundwater at the NL/Gould property.  PCBs were detected in recent 
groundwater samples collected from wells located downgradient of the 
NL/Gould property (e.g., W-03 located on the NL/Gould property and 
W-04 located on the boundary between the NL/Gould and Schnitzer/Air 
Liquide properties).   

● Surface Water: 

○ NL/Gould sampling data for PCBs is not available for surface water at 
the NL/Gould property.   
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Dioxins and Furans 

● Soil: 

○ Dioxins and furans were detected in numerous deep (<10 ft depth) soil 
samples at concentrations above the JSCS SLVs (Tables 7A, 7B, 7C, 
and 7F from Environ, 1996).  Shallow dioxin/furan data is limited or not 
available for the majority of the NL/Gould property.  Only one shallow 
soil sample was analyzed for dioxins/furans: C-5.  Individual 
dioxin/furan compounds were not detected, but “Total TCDF” was 
reported as detected at 0.084 ppb (Table 7A Environ, 1996). 

● Soil stockpile and stabilized blocks: 

○ Dioxins and furans were detected in numerous soil stockpile and 
stabilized block samples at concentrations above the JSCS SLVs 
(Tables 3 and 4 from Environ, 1996). The majority of these materials 
within the NL/Gould property and a small portion within the former 
Doane Lake area were excavated and placed in the OCF as part of the 
1998 remedial activities. The majority of the NL/Gould waste materials 
disposed on the RP NW Property Area was not excavated. 

● Sediment:   

○ Dioxins and furans were detected in numerous sediment samples 
collected from East Doane Lake as documented in E&E, 1998; Environ, 
1998, and Woodward-Clyde, 1998.  Shallow sediments from East 
Doane Lake were dredged and placed in the OCF as part of the 1998 
remedial activities. 

● Groundwater and surface water: 

○ NL/Gould sampling data for dioxin/furan is limited or not available for 
groundwater and surface water at the NL/Gould property.    Dioxins 
and/or furans were detected in recent groundwater samples collected 
from wells located downgradient of the NL/Gould property (e.g., RP-19-
25 located on the ESCO property and RP-10-30 located on the Arkema 
property).  Dioxins and furans were detected in “clean area” and 
“dredge area” surface water samples collected during the 1998 
remedial action (Appendix I of AGC, 2001). 

PAHs and SVOCs 

● Soil: 

○ NL/Gould sampling data for PAHs is limited or not available for shallow 
soils at the NL/Gould property.  PAHs (including acenaphthene, 
anthracene, benzo(a)anthracene, benzo(a)pyrene, chrysene, 
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fluoranthene, fluorene, naphthalene, phenanthrene, and pyrene) were 
detected in 2 soil samples collected in the northern portion of the 
NL/Gould property at depths below 20 feet below ground surface (Table 
7C from Environ, 1996). 

○ Bis(2-ethylhexyl)-phthalate was detected in 2 soil samples collected in 
the northern portion of the NL/Gould property at depths below 20 feet 
below ground surface at concentrations (or estimated concentrations) 
above the JSCS SLVs (Tables 3 and 4 from Environ, 1996).   

● Soil stockpile and stabilized blocks: 

○ PAHs (including acenaphthene, anthracene, benzo(a)anthracene, 
benzo(a)pyrene, chrysene, fluoranthene, fluorene, 2-
methylnaphthalene, naphthalene, phenanthrene, and pyrene) were 
detected in 12 soil stockpile samples and 1 stabilized block sample at 
concentrations (or estimated concentrations) above the JSCS SLVs 
(Tables 3 and 4 from Environ, 1996).  These materials were excavated 
and placed in the OCF as part of the 1998 remedial activities.  

○ Bis(2-ethylhexyl)-phthalate was detected in 5 soil stockpile and 2 
stabilized block samples at concentrations (or estimated 
concentrations) above the JSCS SLVs (Tables 3 and 4 from Environ, 
1996).  These materials were excavated and placed in the OCF as part 
of the 1998 remedial activities.  

● Sediment:  

○ PAHs (including benzo(b)fluoranthene, chrysene, and pyrene) were 
detected in 3 East Doane Lake sediment samples (Table 6 from 
Environ, 1996).  These materials were potentially dredged and placed in 
the OCF as part of the 1998 remedial.  

○ Bis(2-Ethylhexyl)-phthalate was detected in 1 East Doane Lake 
sediment sample (Table 6 from Environ, 1996).  These materials were 
potentially dredged and placed in the OCF as part of the 1998 remedial 
activities (detailed below).  

● Groundwater and surface water: 

○ NL/Gould sampling data for PAHs and SVOCs is limited or not available 
for groundwater and surface water at the NL/Gould property. 

VOCs 

● Soil: 

○ NL/Gould sampling data for VOCs is limited or not available for shallow 
soils at the NL/Gould property.  VOCs (including acetone, 
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ethylbenzene, PCE, toluene, TCE, methylene chloride, and xylenes) 
were detected in soil samples collected in the northern portion of the 
NL/Gould property at depths greater than 20 feet below ground surface 
(Tables 7A, 7B, 7C from Environ, 1996).  TCE was detected above 
JSCS SLVs in two soil samples (Table 7A from Environ, 1996). 

● Soil stockpile and stabilized blocks: 

○ VOCs were detected in soil stockpile and stabilized block samples 
collected from the NL/Gould property (including benzene, ethylbenzene, 
PCE, toluene, TCE, methylene chloride, and xylenes) were detected in 
stabilized block samples (Table 4 from Environ, 1996) 

● Sediment:  

○ VOCs were detected in sediment samples collected from East Doane 
Lake on the NL/Gould and Schnitzer/Air Liquide properties, including 
benzene, ethylbenzene, toluene, TCE, methylene chloride, and xylenes 
(Table 6 from Environ, 1996 

○ Groundwater and surface water: NL/Gould sampling data for VOCs is 
limited or not available for groundwater and surface water at the 
NL/Gould property.  VOCs were detected in recent groundwater 
samples collected from wells located downgradient of the NL/Gould 
property (e.g., xylene detected in wells W-03-17, RP-10-30, and RP-10-
60; TCE detected in RP-10-60; and benzene detected in W-04 S(16) 
and W-013 S(17)). 

5.3.2 Interim Actions/Remediation 

In 1993, remedial actions were completed that included:  

“excavation and treatment of contaminated surface soils, surface piles of 
battery casings, buried battery casings, matte (smelter waste), and other 
debris… Prior to suspension (of 1993 remedial action), an estimated 24,000 
tons of contaminated battery casings were treated. Approximately 244 tons of 
plastic and 88 tons of coarse lead were recycled for reuse off-site. An 
estimated 20,000 blocks (1 cubic yard (cy) each) of stabilized material from 
contaminated soil, matte and debris) were produced. Several hundred tons of 
debris (were) shipped off-site for disposal” (USEPA, 1997a). 

However, the 1993 remedial action was stopped due to “several problems” with 
the treatment/recycle process (USEPA, 2000).  Prior to cessation of the 1993 
remedial action, Canonie Environmental processed soils, matte, and battery 
casings from the NL/Gould property and the RP NW Property Area, including 
an approximately  240-foot x 180-foot x 6-foot deep matte/soil excavation on 
the RP NW Property area. 
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Based on subsequent investigations, the USEPA issued an Amended ROD in 
1997.  Remedial actions carried out in 1998 under the 1997 Amended ROD. 

Future use of the property is limited to industrial or other uses compatible with 
the cleanup under the terms of the Environmental Protection Restrictive 
Covenant and Easements (USEPA, 2000). 

The Final Report for Early Remedial Action and Remedial Action dated March 
19, 2001 prepared by Advanced Geosciences Corp (AGC), described the 
extent of excavation, confirmatory sampling results, and wastes left in place by 
the remedial action:   

● East Doane Lake Sediments (section 3.6):  East Doane Lake sediments 
were removed to a depth of approximately 1-5 ft based on the proposed 
removal limits to meet remedial goals for lead and organic compounds 
(Section 3.6.3 and Appendix C of AGC, 2001).  Sediment was removed to 
meet or exceed the target removal depths shown in Attachment C in all 
areas except  

○ Area 2 on the NL/Gould property did not achieve the target sediment 
removal depth due to encountered matte, and stabilized blocks 
encountered along the shoreline; 

○ In Area A-9 on the Schnitzer/Air Liquide property the targeted removal 
depth was revised from 3 ft to 2 ft due to trees and cylinders observed 
during pre-remedial debris survey; and 

○ Area A-10 on the Schnitzer/Air Liquide property was not dredged due to 
trees and cylinders observed during pre-remedial debris survey (AGC, 
2001).     

● Gould Property Soils (section 4.4.1):  the southern portion of the Gould 
site was excavated to a depth of 12-24 inches deep.  In the southern 
portion of the Gould site, a black soil layer that was visually classified as 
“steel manufacturing byproduct” was left in place at excavation sidewalls.  
This material was analyzed for RCRA 8 metals, and chromium and lead 
were detected above JSCS soil SLVs (AGC, 2001 Appendix S).   

● RP NW Property Area Soils (section 4.4.3):  The majority of the RP NW 
Property Area was excavated to a depth of 3-18 inches below existing 
grade.  In targeted areas, excavations to the water table (approximately 8-9 
feet below ground surface) were conducted and material was left in place 
below the water table.  Matte material was also left in place along the 
boundary of the ESCO landfill due to excavation stability concerns.  

In general, AGI utilized total lead or EP lead analytical results for confirmatory 
sampling and did not collect confirmatory samples for VOCs, SVOCs, PCBs or 
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dioxins/furans.  The post-excavation confirmatory results for lead indicate that 
numerous sampling locations at the Gould Site and RP NW Property Area 
remain above the JSCS soil SLV for lead (128 ppm).   

During over-excavation of drainage swales adjacent to the completed OCF, 
AGI encountered battery casing material and slag.  A sample from these 
materials was analyzed for TCLP metals, PCBs, VOCs, and dioxins/furans.  
PCBs (arochlor 1254) were detected in 2 of 2 samples analyzed and were 
detected above the JSCS SLV in 1 of 2 samples analyzed (AGC, 2001 
Appendix EE and FF).  Post excavation confirmatory analytical results are not 
presented for this removal action (AGC, 2001).   

5.3.3 Data gaps 

The extent of soil and waste (e.g., matte or battery casings) analytical data for 
organic compounds (VOCs, SVOCs, herbicides, PCBs, dioxins and furans) for 
the NL/Gould Site is limited.  Extensive surficial soil sampling occurred as part 
of the 1987 remedial investigation, but these samples were not analyzed for 
VOCs, SVOCs, PCBs and dioxins/furans.   

Subsequent investigations included soil samples from the NL/Gould Site, but 
soil investigations were focused on the RP NW Property Area and the southern 
portion of the site in the vicinity of the RP Site.  The majority of site soil data for 
VOCs, SVOCs, PCBs and dioxins/furans  were collected from borings 
advanced within 150 feet of the RP property boundary, including the 1992 
Hahn and Associates borings (B-1 through B-8 and C-1 through C-9) and the 
1995 Environ borings (B-8 through B-13).  Only 4 deep (<10 ft depth) soil 
samples from two boring locations on the NL/Gould Site (CB-2 and CB-3) were 
analyzed for VOCs, SVOCs, and dioxins/furans.  NL/Gould shallow soil data 
from the NL/Gould property is not available for VOCs, SVOCs, PCBs and 
dioxins/furans. 

Secondary lead smelters are known air emission sources of a variety of metals 
and organic compounds including, but not limited to, arsenic (USEPA, 1982; 
USEPA, 1998b), PAHs (USEPA, 1998), and dioxins/furans (UNEP, 2005; 
USEPA, 1997b and USEPA, 2006). Air historical emission data for these 
compounds from NL/Gould operations is limited or not available.  Numerous air 
quality violations were documented at the NL/Gould Site between 1967 and 
1972 (USEPA, 1988).  A bypass valve was used on occasion prior to 1966 
which allowed for bypassing of emissions controls (the bag house) (Reams 
243, Moore, 152).  In addition, bag house bags periodically had holes that 
allowed the discharge of uncontrolled stack emissions (Reams, 236-238 and 
Moore, 156:15). The potential for historical atmospheric deposition of metals 
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and organic compounds (e.g. lead, arsenic, PAHs, and dioxins/furans) from the 
NL/Gould Site secondary lead smelter operations on the NL/Gould Site, 
adjacent properties, and water bodies was not adequately evaluated prior to 
remedial activities. 

Prior site activities included the use, generation, or disposal of antimony, 
beryllium, copper, tin and ammonia.  Investigations to determine the extent of 
potential impacts from these compounds have not been completed. 

5.4 COIs  

5.4.1 Identified COIs 

Metals: Antimony, arsenic, beryllium, cadmium, chromium, copper, lead, tin, 
zinc  

Organics: PAHs, PCBs, dioxins/furans VOCs (including benzene, 
ethylbenzene, PCE, toluene, TCE, methylene chloride, and xylenes) and bis(2-
ethylhexyl)-phthalate. 

Other:  sulfate/sulfuric acid, ammonia 

COIs identified from site activities but not investigated: antimony, beryllium, 
copper, tin, ammonia, PAHs, PCBs, dioxins/furans, and VOCs. 

5.4.2 COIs that Overlap with RP COIs 

Metals: arsenic, copper      

Organics:  PAHs, dioxins/furans. 

Other:  sulfate/sulfuric acid, ammonia 

5.4.3 COIs not Tested for that Likely Overlap with RP COIs 

Copper and ammonia 

6.0 GS Roofing 

6.1 Site Background 

The GS Roofing Site is an approximately 8.5 acre irregularly-shaped property  
located at 6340 NW Front Avenue, Portland.   (GS Roofing 104(e) Response 
page 5) The Site is bordered on the north by the Arkema Lot 4 property.  The 
Site is bordered on the southwest by Front Avenue and on the southeast by the 
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Willamette River.  Outfall 22A is located along the southeastern Site boundary 
and discharges to a small cove of the Willamette River. 

Saltzman Creek transects the GS Roofing Site west to east, near the southern 
boundary.  Approximately 90 percent of the Site is covered by buildings, 
pavement, or other impermeable surfaces.  (DEQ 2002a, page 4)  The Site has 
2 point source drainage basins and 2 non-point source drainage basins.  The 
point source basins drain to two outfalls on Saltzman Creek which discharges 
to the Willamette River.  The non-point basins, each about a paved acre used 
for product storage, drain into a low marshy area and then to the River.  
(Harding ESE, 2001, page 1-3) 

6.2 Site Activities 

6.2.1 Activities, Processes and Chemicals Used 

The Site has been used for the manufacture of roofing materials since at least 
the early 1920s.  In 1924, a felt factory, oil tank and water well owned by 
Pacific Roofing Co (PRC) were located at the Site.  (GS Roofing 104(e) 
Response, page 10; DEQ 2002a, Figure 3; 1924 Sanborn Map)  In 
approximately 1937, PRC installed stills to refine asphalt from crude oil and 
began the manufacture of asphalt-based roofing shingles.  (GS Roofing 104(e) 
Response, page 10)  In the early 1940’s, a paper mill was added to the Site to 
manufacture paper felt underlayment for shingles.  Pabco owned and operated 
the Site in the 1950s.  In 1958, the Site was operated under the names 
Flintkote Company Pioneer Division and later Fibreboard Corporation, Pabco 
Roofing Division.  The paper mill was dismantled in 1986, but the asphalt 
shingle manufacturing continued.  Bird and Son purchased the Site in 1968.  
Genstar Corp. purchased the Site in 1985.  In 1986, Genstar changed its name 
to GS Roofing.  In 1999, Bird Co. acquired all shares of GS Roofing.  Bird Co. 
and GS Roofing are now separate subsidiaries of CertainTeed Corporation.  
(GS Roofing 104(e) Response, pages 7-8) 

Operation of the papermaking process included the use of whitewater, which is 
a fine particle slurry with a milky white appearance containing chlorine bleach 
(DEQ 2002a, page 7).  This stream also contains silica based grit and talc and 
has a high pH due to the chlorine bleach.  (DEQ 2002a, p7). 

The Site has a tank farm on the northeastern property boundary. Numerous 
aboveground storage tanks are maintained for asphalt, heating oil, waste oil, 
sludge and manufacturing materials, including laminate, Windseal and modified 
rubber (DEQ 2002a, Table3). In 1976, 1,200 to 1,500 gallons of bunker oil from 
one of these tanks were released onto the ground.  The spill was reportedly 
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contained and cleaned up by a third party, but no records of any soil removal 
were available.  (GS Roofing 104(e) Response, page 38) 

No information was available regarding materials used in the felt or shingle 
manufacturing processes prior to 1984.  However, asbestos was commonly 
used in the manufacture of roofing shingles.  (Asbestos.com 2009) 

Materials used at the Site as of 1984 included asphalt, crushed rock, fibreglass, 
talc (a magnesium silicate mineral), pigments, paper, limestone (calcium 
carbonate), gravels, shop materials (solvents and oils) and #2 and #6 fuel oils.  
(GS Roofing 104(e) Response, page 23).  Asphalt is a semisolid, black material 
refined from crude oils that contains PAHs and other complex high molecular 
weight hydrocarbons.   

In January 1986, a leaking pipeline from the tank to the boiler caused a spill of 
1,200 to 1,500 gallons of bunker fuel oil in the northeastern area of the Site.  
The leak was repaired and an undisclosed amount of soil may have been 
excavated.  (DEQ 2002b) 

A 1,000 gallon underground gasoline tank and a 2,000 gallon diesel tank were 
at the Site until 1990 to 1991.  (FES 2005, Figure 1-2).  A leak from the 
gasoline tank on the western side of the Site occurred in 1990 during its 
decommissioning.  Soils impacted by this release had up to 2,100 mg/kg for 
petroleum as gasoline.  Soil could not be excavated because the tank was 
located too close to natural gas lines.  (FES 2005, page 2-1) 

In 1991, a 2,000 gallon underground diesel tank was removed and 
approximately 10 cubic yards of contaminated soil excavated.  Up to 5,800 
mg/kg of residual levels of diesel remain in the excavation sidewall.  (DEQ 
2002a, page 5). 

Soil borings and groundwater monitoring wells were installed to investigate 
impacts from the underground gasoline and diesel tanks.  An additional 80 
cubic yards of soil were excavated in the area of the diesel tank.  (FES 2005, 
pages 2-2 to 2-3).  Periodic monitoring over a 10 year period showed that the 
benzene groundwater plume extended 350 feet to the north from the source 
with a maximum benzene concentration of 2,700 mg/L.  (DEQ 2002a, page 5).  
Groundwater monitoring over several years confirmed that the contaminant 
plume did not reach either Saltzman Creek or the Willamette River (DEQ 
2002a, page 5) 

In 2000, 2 million square feet of fibreglass mat, 40,000 tons of asphalt and 
135,000 tons of granules, sands, and limestone were used at the Site.  (DEQ 
2002a, page 4)  
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Other materials and chemicals used over the history of operations at the Site 
included paints, copper granules, zinc granules, Headlap granules (slag 
granules), Aristowax ( a hydrocarbon wax), citrus solvents and materials of 
undefined composition-laminate, Krayon 1184, and Windseal as well small 
quantities of trichloroethane (TCE), methyl orange, methyl violet, xylene, 
glycerol, hydrochloric acid, calcium carbonate and calcium chloride (DEQ 
2002a, Table 3; St. Gobain Corp. 2002, page 2).  Headlap is prepared from 
graded rock aggregate or various industrial byproducts such as coal slag or 
slag from smelters.  (Kogel et al, 2006).  Headlap from copper slag contains 
lead, copper, and zinc.  (Piper et al. 2000).  Laminate is an adhesive material 
used in the construction of multi-layer shingles.  Laminate was a mixture of 
asphalt and rubber polymer.  (Trinity, undated.  Page 2-1).  No constituent 
descriptions for Windseal and Krayon 1184 were found. 

6.2.2 Waste 

Four major waste streams are currently generated at the Site.  These include 
off-specification products, wet waste (plant trash not coated with asphalt), wet 
sand and granules, and wood and paper (broken pallets and waste paper).  
(GS Roofing 104(e) Response, page 18) 

Two major waste streams are generated in the production process: (1) water 
and oily waste generated at the coating unit; and (2) cooling water applied to 
the roofing material.  (DEQ 2002a, page 6) 

At the coating unit, fumes and particulates from the application of asphalt are 
drawn off and sent to an electrostatic precipitator unit where the particulates 
are captured in cooling water.  This water is discharged to an oil water 
separator.  After particulates have settled, the water is discharged to the city 
sanitary sewer system.  (DEQ 2002a, pages 6 and 7) The particulates form a 
sludge in the separator that has been managed as a non-hazardous waste.  
The sludge is currently removed on a monthly basis and disposed off-site.   
(GS Roofing 104(e) Response, page 25 and 26)  

The excess talc, grit, and coatings from the washdown cooling of the rollers 
used in shingle production is the greatest volume of waste generated at the 
Site.  This water is collected in sumps where excess sand and granules settle 
out and oil is skimmed from the top.  The oil is transferred to the oil water 
separator at the asphalt above-ground storage tank (AST) containment unit.  
Solids are removed from the sumps and taken offsite by a contractor for use as 
landfill cover (GS Roofing 104(e) Response, page 25 and 26).   

No records pertaining to the disposal practices of former operators were 
available. 
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Historically, operations at the Site discharged waste directly to the River.  Aerial 
photographs from May 1957, April 1961 (attached Appendix), and February 
1967 (Appendix A) show a dark discharge from the Saltzman Creek/Outfall 22A 
into the River.  From 1940 to 1971, white water from the paper mill was also 
discharged directly into the River.  Large volumes of washdown water 
containing asphalt, copper, and zinc granules may have been discharged to the 
storm drain system and released into the Willamette River.  (DEQ 2002a, page 
12). 

                                      

In 1969, Bird & Co. received a permit to discharge uncontaminated cooling 
waters and paper manufacturing waste waters directly to the River at river mile 
7.6 ( Oregon State Sanitary Authority, 1969)  

No records for off-site disposal of the sludges from the oil water separator or 
sumps or other materials prior to 1992 were available.  The material was likely 
used as fill in the eastern portion of the Site near the river bank, (DEQ 2002a, 
page 12)  

Beginning in the late 1940s, wastes and debris, including asphalt, off-spec 
shingles, waste paper and miscellaneous metal items, were landfilled on the 
southern portion of the Site (J. Diess, 1985).  Geophysical characterization of 
the Site with ground-penetrating radar in 2003 identified a landfill area parallel 
to the Saltzman Creek.  (NGA 2003, Figure 3).  Data showed fill present 
between 8 and 16 feet below ground surface over much of the area.  (NGA 
Appendix A).  Borings taken during a subsequent investigation found asphaltic 
shingle pieces, asphalt blebs, glass, copper, and zinc granules and 
construction debris in the area.  (DEQ 2002a, page 10; FES, 2005; Appendix 
C).   

Two drywells used to dispose waste water by allowing dispersion into 
surrounding soil were present at the Site.  (FES, 2004, page 1)  GS Roofing 
estimated that the dry wells were installed in approximately 1980.  (GS 
Roofing, 2003)  Dry well #1 was connected to a floor drain in the machine 

Feb 1967:Discharge 

from  site to Saltzman 

Creek to Willamette 

River
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shop.  Dry Well #2 was connected to Dry Well #1. The wells were likely out of 
use in 1983 and decommissioned  in 2004. Volatile organics including 
trichloroethylene (TCE), perchloroethylene (PCE), benzene, toluene, 
ethylbenzene, xylenes, naphthalene, 1,2,4-trimethylbenzene, isopropyl toluene 
and acetone were found in soils below the wells.  Arsenic exceeded the direct 
contact preliminary remediation goal (PRG) standard.  TPH as diesel and as 
heavy oils were detected below risk-based concentration (RBC) limits.  (FES, 
2004, pages 2-4)   

Asbestos material was removed from the Site in 1992 and 1994.  (GS Roofing 
104(e) Response, page 25) 

6.2.3 Distinguishing Compounds 

Based on operational and waste handling practices, potential COIs at the GS 
Roofing Site include: 

Gasoline and petroleum fuel compounds including a range of hydrocarbons-
benzene, toluene, and xylenes, PAH and associated aliphatic hydrocarbons.  

1. High molecular weight PAH, including the carcinogenic PAH such as 
benzo(a)anthracene, benzo(a)- and benzo(e)pyrene, chrysene, 
fluoranthene and indeno(1,2,3-cd)pyrene as found in asphalts and heavy 
petroleum fuels such as bunker oil. 

2. Metals including copper and zinc granules and other metals  associated 
with the headlap granules, paints or pigments, talc and limestone.  Metals 
in the headlap granules would depend on the slag source, which has not 
been identified.  Calcium and magnesium would be present from the 
limestone and talc, respectively.  The pigments used may have contained 
heavy metals such as lead, titanium, cadmium, chromium, and zinc.(Sward, 
G.C. 1972, page 162) 

3. Chlorinated solvents including trichloroethene and perchloroethene as 
detected in soils beneath dry wells. 

4. Chlorine bleach used in the paper mill operation.  Byproducts from use of 
the bleach in paper and pulping such as chlorinated dioxins and furans.  
(US EPA 1990) 
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6.2.4 Extent of Waste Generated and/or Disposed On-Site 

Annual waste volumes sent off-site in 2003 included 1,500 gallons of waste oil, 
3,500 tons of asphalt shingle scrap and 100 tons of metal waste.  (DEQ 2003, 
page 75). 

No estimate of the total amount of waste discarded in the former landfill area 
was available.  The geophysical investigation identified a layer ranging from 4 
to 8 feet thick over an area approximately 100 feet by 500 feet (NGA 2003, 
Figure 3) Dumping in the landfill area reportedly occurred from the late 1940s 
through 1985.  Asphalt from spills, off-specification asphalt, residue from the 
pulper, rags, waste paper, wire, strings, metal and old shoes were discarded in 
the area (FES 2003; J. Diess, 1985)  

No estimates of the volume of process wash water generated or discharged 
were available. 

6.3 Site Investigations and Adequacy 

6.3.1 Extent of Investigation 

A fuel oil spill occurred in 1986.  (DEQ 2002b) Soils were found to be 
contaminated with gasoline and TPH during removal of the gasoline and diesel 
fuel oil USTs.  (DEQ 2002a page 5; FES 2005, page 2-1)  Ten groundwater 
wells were installed in 1991 through 1995.  Wells were  monitored on a 
quarterly basis until 1998 and then twice in 2000 for gasoline constituents, 
including additives MTBE, 1,2-dibromoethane (EDB) and 1,2-dichloroethane.  
The maximum total benzene, toluene, ethylbenzene, and xylenes (BTEX) 
concentration detected was 31,400 µg/L in 1992, south of the former UST.  
Beginning in 1996, elevated levels of benzene attributed to the Willbridge 
Terminal were noted in upgradient wells (FES 2005, pages 2-1 to 2-5)  

In 1992, an “oily substance” was noted in one of seven test pits dug along the 
eastern portion of the property during the geotechnical investigation, but no 
analyses were conducted on the material.  (Applied Geotechnology Inc, 1992).  
Water samples were collected from a test pit along the southern border of the 
property.  Samples were analyzed for TPH, volatile organics (VOC), 
semivolatile organics (SVOC), polychlorinated biphenyls (PCBs) and leachable 
metals (TCLP analysis).  TPH and PCBs were detected in water at 860 ppm 
and 1 ppm respectively.  Five additional test pits were excavated in 1993 to 
expand the subsurface investigation.  TPH results ranged up to 23,000 ppm 
and PCBs results ranged up to 0.59 ppm.(FES, 2005, pages 2-4 to 2-5, Figure 
2-1) 
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GS Roofing entered the Oregon DEQ’s Independent Cleanup Agreement 
program in 2003.  (DEQ 2003)  Six areas of potential concern on the Site were 
identified: (1) the former landfill area; (2) two former dry wells; (3) a potential 
UST; (4) the storm/former process drain system; (5) riverbank soils; and (6) the 
historic asphalt process area.  (FES 2005, Figure 1-3)   

During 2003-2004, a preliminary site investigation was conducted on the 
drywells, a possible 5,000 gallon UST for bunker fuel, and the former landfill 
area.  Investigations of the remaining areas of potential concern were not 
included as part of the work scope.  (FES 2005) 

The 2003-2004 investigation included a geophysical site characterization to 
delineate the boundaries and depth of the landfill material on the Site.  (NGA 
2003, Figure 3) Ground penetrating radar testing identified a possible layer of 
fill 4 to 8 feet thick over an area approximately 100 feet by 150 feet (NGA 2003, 
pages 5-6, Figure 3).  Nine soil borings and four monitoring wells were installed 
over the area.  Soils and groundwater were analyzed for volatile organics, 
semivolatile organics, PCBs, TPH, and total and dissolved metals.   Volatile 
organics detected in soils included BTEX and alkylated benzenes, 
naphthalene, TCE and PCE.  TCE was detected in one sample at 76.9 ug/kg, 
exceeding the leaching to groundwater risk based concentration (RBCSW) of 
9.9 µg/Lg. TPH as gasoline was detected in one sample (at 155 mg/kg) 
exceeding the RBCSW of 110 mg/kg.   SVOC detected included  
benzo(a)anthracene, benzopyrene, chrysene, fluorene, phenanthrene, and 
pyrene.  Maximum concentrations ranged from 1 kg/Lg to 3.4 mg/kg.  Metals 
detected were below applicable standards with limited exceptions.  Lead in one 
sample at 131 mg/kg exceeded the leaching to groundwater standard of 30 
mg/kg and chromium in one sample (46.7 mg/kg) exceeded the migration to 
groundwater standard of 38 mg/kg.  Arsenic exceeded the inhalation standard.  
(FES 2005, pages 5-9 to 5-10). 

Analysis of groundwater samples from wells in the landfill area detected VOCs, 
including alkylbenzenes and naphthalene.  TPH-Gasoline was also detected.  
Manganese, iron and arsenic were present above human health standards.  
Thallium was present above the human health standard.(FES 2005, pages 5-
12 to 5-13). 

Soil samples from a boring in the area of the suspected UST in the north-
central area of the Site detected arsenic above the applicable standards  (FES 
2005, Figure 3-1).  Low levels (<1 ug/kg) of benzene, xylene, carbon disulfide 
and PCE were also detected.  (FES 2005, pages 5-10 to 5-11). 
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6.3.2 Extent of Testing 

Testing at the Site included analyses for petroleum hydrocarbons, BTEX and 
other volatile organic hydrocarbons, semivolatile organics including PAH, 
PCBs, and total and dissolved metals.  Areas characterized to date include the 
former landfill area, the dry wells, and the area of a suspected UST.  

GS Roofing’s NPDES permit requires storm water monitoring at two Site 
outfalls (A and B) on a biannual basis.  Testing is required for arsenic, 
cadmium, chromium copper, lead, mercury, nickel, zinc, pH, total organic 
carbon (TOC), chemical oxygen demand (COD) total suspended solids (TSS) 
and Oil and Grease (O&G).  During the period of 1993 to 2004, effluent limit 
exceedances included 5 for copper (maximum concentration 0.367 mg/L vs 0.1 
mg/L limit), one for O&G (22 mg/L vs 10 mg/L limit), 2 for zinc (maximum 0.7 
g/L vs 0.6 mg/L limit) and 3 for TSS (maximin 614 mg/L vs limit of 130 mg/L).  
(FES 2005, page 2-7).   

In 2009, sediment and stormwater sampling was completed to evaluate 
potentially impacts to sediment and water quality in the Willamette River, which 
included sediment sampling from catch basins followed by four rounds of 
stormwater sampling from Outfalls A and B (FES 2009a, page 4)  Results for 
samples from 6 catch basin samples, including one along Front  Avenue were 
reported in the fall of 2009.  Analyses were conducted for VOCs, metals, PCBs 
and pesticides, SVOCs, PAH, phthalates, TPH-gasoline, TPH-diesel and TPH-
heavy oil, grain size and TOC.  Detections above screening level values (SLV) 
included benzo(g,h.i)perylene and indeno(1,2,3-cd)pyrene in one sample from 
a catch basin receiving water from an asphalt parking area, DDT and its 
breakdown products in one sample from a catch basis near the Arkema site, 
and bis-2-ethylhexylphthalate and di-n-butyl phthalate in all samples.  All 
samples had TPH-diesel (maximum of 15,000 mg/kg) and TPH-heavy oil 
(maximum of 16,400 mg/kg) above the background concentrations of 1,480 
and 10,700 mg/kg respectively.  Metals arsenic, cadmium, chromium, copper, 
lead, mercury, nickel, and zinc exceeded their SLVs in one or more samples.  
(FES 2009b.  Pages 4 and 5). 

Storm water samples collected during October 2009 detected fluoranthene and 
pyrene at low levels in one sample.  TPH diesel was detected in both samples 
at 254 and 529 mg/L. Metals exceeding SLVs included aluminum (max. 
1810µg/L, SLV 50 µg/L), arsenic (max 1.05µg/L, SLV 0.045 µg/L), copper 
(max. 39µg/L, SLV 2.7 µg/L), lead (max.7.47 µg/L, SLV 0.54) and zinc (max. 
177µg/L, SLV 36 µg/L) (FES 2009c, page 4)  
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Storm water samples collected in February 2010 detected low levels of 
methylphenol, two PAH and one phthalate in the Outfall A sample.  Four PAH, 
chrysene, phenanthrene, fluoranthene and pyrene, exceeded their SLVs in the 
Outfall B sample.   Both samples had detections of less than 2 mg/L for TPH-
diesel and TPH-heavy oil.  In both samples, aluminum (max. 2,560 μg/L), 
arsenic (max.1.26 μg/L), copper (max.76.2 μg/L), lead (max.11.8 μg/L), 
manganese (max. 205 μg/L), and zinc (max.167 μg/L) exceeded SLVs (FES 
2010a, pages 5,6). 

Storm water samples collected in May 2010 detected two VOCs, toluene and 
acetone in the sample from Outfall B.  Low levels (<2 mg/L) of TPH-diesel and 
TPH-heavy oil were also detected.  Levels of aluminum (max. 1,260 µg/L, SLV 
50 µg/L), copper (max. 32.3 µg/L, SLV 2.7µg/L), lead (max. 6.57 µg/L, SLV 
0.54µg/L) and zinc (max. 157µg/L, SLV 36 µg/L) all exceeded SLVs in samples 
from both Outfalls A and B.  Manganese at 96.7 µg/L in Outfall B was above its 
SLV of 10 µg/L.  (FES 2010b, pages 4 and 5)    

6.3.3 Interim Actions/Remediation 

Some soil may have been removed after the spill of bunker fuel oil in 1986, but 
no records of the amount were available (DEQ, 2002b). 

Approximately 90 cubic yards of soil contaminated with diesel fuels was 
removed from the Site in 1991 and 1993 after the removal of a 2000 gallon 
diesel UST (FES 2005, pages 2-1 and 2-1).  Soil contaminated with gasoline 
from the 1,000 gallon UST was not removed due to proximity to natural gas 
lines.  (FES 2005, page 2-1). 

The two dry wells on the Site were decommissioned in April 2004.  Soil 
samples were taken below these wells, which were lined, filled with stone and 
sealed with concrete.  A catch basin was installed in the area of the dry wells to 
direct storm water to an oil/water separator prior to discharge.  (FES & Burke 
2004, page 4). 

6.3.4 Data Gaps 

The preliminary site characterization conducted during 2003-2004 did not 
address three areas of potential concern:,(1) the asphalt processing area; (2) 
the storm and former process drains; and (3) the riverbank soils.  Future work 
proposed in the report that has not been conducted included additional 
investigations in the landfill area, characterization of soils along the banks of 
Saltzman Creek and the Willamette River with visual examination for evidence 
of seeps; collection and analysis of sediments from the storm and former 
process drains, and the installation of soil borings and monitoring wells in the 
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former asphalt processing area.  Characterization of Saltzman Creek surface 
waters as the creek enters the GS Roofing Site from the Willbridge Terminal 
property and additional soil borings in the south central area of the Site where 
asphaltic oil has sporadically been noted as a separate phase in a monitoring 
well were also proposed but not conducted.  (FES 2005, pages 6-1 through 6-
6). 

No testing for asbestos has been reported.  Asbestos was widely used for 
roofing materials in the United States.  Many asbestos-containing roofing 
materials were manufactured by Bird Inc., Fibreboard, and Flintkote.  The 
absence of reliable documentation on activities before the 1990s’ operations 
makes this a significant data gap for the site characterization.  (Early et al; 
Mesothelioma.com 2010). 

6.4 COIs 

6.4.1 Identified COIs 

Identified chemicals of concern (COCs) for the Site include TCE, TPH as 
gasoline, lead, chromium and arsenic in soil, and iron, manganese, thallium, 
and arsenic in groundwater.  (FES 2005, page 5-14).  Sediment and 
stormwater sampling indicated exceedances of SLVs for aluminium, cadmium, 
mercury, nickel and zinc as well as lead, chromium and arsenic.  TPH-diesel 
and TPH-heavy oil also exceeded standards.  Individual gasoline chemicals 
include benzene, toluene, ethylbenzene, and xylenes.  PAH from asphalt, 
including naphthalene, phenanthrene, pyrene, fluoroanthene, chrysene, 
benzo(a)pyrene benzo(g,h,i) perylene, indeno(1,2,3-cd)pyrene and 
benzo(a)anthracene are also likely COCs for the Site.  

The portion of the Site used for manufacturing, however, has not yet been 
characterized and PCBs remain potential COCs for this area.  PCBs have been 
detected at low levels in a limited number of samples.  They do not appear to 
be widespread in the landfill area of the Site.   

Although no testing was conducted, asbestos and dioxins and furans are 
possible COIs. 

6.4.2 COIs that Overlap with RP COIs 

GS Roofing COIs overlapping with RP COIs include the PAH, BTEX, TCE and 
metals arsenic, chromium, copper, lead, nickel and zinc.  
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6.4.3 COIs not Tested for that Likely Overlap with RP COIs 

No testing for dioxins and furans has been conducted.  The initial scope of 
work for the closure of the drywells included testing for dioxins and furans, but 
this testing was not done.  (FES 2005, page 3-4; FES& Burke 2004, page 2)  
No explanation for the change in scope was provided.  Investigations for 
dioxins and furans should have been completed because the Site had a paper 
mill which utilized chlorine bleach and likely discharged white water through the 
storm drain system to the Willamette River.   

7.0 Kinder Morgan Willbridge Facility 

7.1 Site Background 

Willbridge Terminal Background 

The Willbridge Terminal is located along Willamette River and includes three 
tank farms: (1) the Kinder Morgan Liquids Terminal LLC (KMLT Site); (2) the 
Chevron tank farm; and (3) the ConocoPhillips tank farm.  The entire Willbridge 
Terminal occupies an area of approximately 90 acres (KHM, 2003b, Figure 1).  
The Willbridge Terminal is situated on the west bank of the Willamette River, 
with over 0.25 miles of river shoreline.  The KMLT Site Willbridge Terminal 
address is 5880 NW St. Helens Road, the Chevron Willbridge Light Products 
Terminal address is 5531 NW Doane Avenue, and the ConocoPhillips Portland 
Terminal is at 5528 NW Doane Avenue. 

The Willbridge Terminal is located in Sections 18 and 19 of Range 1E, 
Township 1N, and Section 13 of Range 1W, Township 1N (KHM 2003b, page 
4).  The Willbridge Terminal boundaries extend into the river 50 feet from the 
ordinary high water line and 100 feet from ordinary high water line at the 60-
inch storm sewer line within the ConocoPhillips property (KHM 2003b, page 5).  
Each tank farm has one individual dock in the Willamette River that are used 
for transferring product between river vessels and the tank farms.    

The KMLT Site began petroleum processing operations in 1914, managing a 
range of petroleum products, including diesel, gasoline, fuel oils, motor oil, 
greases and lubrication oils.  The Chevron terminal began petroleum-
processing operations in 1911, managing a range of petroleum products, 
including gasoline, diesel, Bunker C oil, stove oil, turbine oil, transmission fluid, 
and lubrication oils. The ConocoPhillips terminal began petroleum-processing 
operations in 1908, managing a variety of petroleum products, including 
gasoline, diesel, fuel oils and lubrication oils (KHM 2003b, page 1).   
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Originally, the Willbridge Terminal was owned and operated by the Shell 
Willbridge Plant, Standard Oil of California (today Chevron), and the Union Oil 
Company of California (Unocal).  In November 1994, control of the Shell 
Willbridge Plant was transferred to GATX Terminals Corporation (GATX).  On 
February 28, 2001, the GATX terminal was sold to KMLT (KMLT 2008b, page 
3).  Standard Oil of California (later named Chevron) remains the current owner 
of the Chevron tank farm.  Control of the Unocal Terminal was transferred to 
Tosco Refining Company (Tosco) in March 1997.  The Tosco facility was 
purchased by Phillips Petroleum Company on September 18, 2001.  Phillips 
Petroleum Company and Conoco Petroleum Company subsequently merged 
on September 1, 2002 forming ConocoPhillips (KHM 2003b, page 1).  

This document focuses on the KMLT Site at the Willbridge Terminal, which is 
the closest tank farm to the former Rhone-Poulenc (RP) property and has 
storm water discharges to the Saltzman Creek (Outfall 22A).   

KMLT Facility Background 

The KMLT Site is about 37 acres and is located southeast of the former RP 
property (KHM 2003b, page 14).  The KMLT Site is bounded to the west by NW 
Culebra Avenue, to the north by NW 61st Avenue, to the east by the Willamette 
River, and extends about 600 feet south of NW Balboa Avenue.  The Site is 
currently owned and operated by Kinder Morgan (KMLT, 2008b, page 3).  

The KMLT Site has always been operated as a petroleum bulk storage 
distribution terminal.  The tank farm and supporting infrastructure has 
continually expanded overtime with the addition of numerous above-ground 
storage tanks (ASTs).  The ASTs have been used to store many types of 
petroleum fuels, lubricating oils and greases as well as other materials 
including xylene 345, cyclosol 52, BT-66, the pesticide DDT, ammonia and 
ethylene glycol.  Many distribution pipelines transferred petroleum product 
among the docks located along the river at the Willbridge Terminal, ASTs and 
railroad loading/unloading facilities.  An asphalt plant was operational until 
1983 at the Site.  A 12 foot deep, concrete lined tunnel houses piping that 
connects the tank yards to the Kinder Morgan loading dock on the Willamette 
River.  

7.1.1 Location to RP and River 

KMLT operates two facilities in the vicinity of the former RP property:  A portion 
of the Willbridge Terminal located southeast of the RP property across NW 
Culebra Avenue (the KMLT Site); and a pipeline pump station located west of 
the RP property across Highway 30.  This section discusses the KMLT Site on 
the larger Willbridge Terminal, located southeast of the RP property. 
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The KMLT tank farm is west of NW Front Avenue and about 500 feet west of 
the Willamette River.  Saltzman Creek passes through the middle of the KMLT 
Site tank farm and has been routed through a flume through the Site.  The 
portion of the tank farm that is north of the Saltzman Creek is designated the 
North Yard and the portion south of the creek is designated South Yard.   

KMLT and its predecessors owned and operated a dock within the Willamette 
River at about river mile 7.5.  The dock is connected to the tank farm by both 
above ground and underground pipelines.  The KMLT river dock is connected 
to shoreline land owned by KMLT and its predecessors that extends from 
approximately Saltzman Creek to just south of their river dock (approximately a 
shoreline length of 700 feet).  The KMLT river dock is identified as the northern-
most of the three large terminal river docks at the Willbridge Terminal.  The 
dock is still owned and used for shipment and receipt of petroleum products 
and bunkering marine vessels by KMLT.  Tug refueling has also occurred at 
the KMLT dock (Kinder Morgan, 2008b, pages 5, 6 and 10).   

7.2 Site Activities 

7.2.1 Activities, processes and chemicals used 

KMLT currently stores and warehouses refined petroleum products in ASTs, 
ranging in size from 100 barrels (bbl) to 80,000 bbl. The total storage capacity 
of the facility is 1.4 million bbl.  In 2003, the KMLT Site included 141 ASTs. 
Currently, 93 ASTs are in use (Delta, 2007e, Page 2).  Operations at the KMLT 
Site include vessel loading and unloading, pipeline receipt and shipment, tank 
car loading and unloading, and tank truck loading and unloading (KMLT 2008b, 
page 12).  The KMLT Site also included activities and operations discussed 
below (KHM, 2003a, page 18). 

The KLMT Site is a petroleum bulk storage and distribution facility that also 
included the production of asphalt and the storage and formulation of DDT.  
Operations at the KMLT Site included management of a range of petroleum 
products, including diesel, gasoline, fuel oils, motor oil, greases and lubrication 
oils.  Non-chlorinated solvents, such as Xylenes 345 (a xylene petroleum 
solvent), Cyclosol 52 (an aliphatic glycol diether and an aliphatic glycol 
monoether) and BT-66 (a naphtha heavy aromatic kerosene) were also 
managed at the KMLT Site until 1978.  The pesticide DDT was received, 
stored, and formulated with diesel oil as the carrier, and commercially 
distributed from 1953 to 1955.  Ammonia was handled in former Tank 133, 
south of the docking terminal, possibly through 1979.  Ethylene glycol was also 
stored on-site.  Asphalt production at the KMLT Site ceased in 1983.  Prior to 



 
 

   
 11/16/10 Page 111 

 

1983, about 25 tanks in North and South Yards were used to store asphalt 
plant products (Law Engineering, 1991, page 8).   

The KMLT Site also had a packaging warehouse for the temporary storage of 
products packaged on-site. Truck loading racks are located to the southwest of 
the North Yard, and rail loading racks are located between the North and South 
Yards and parallel the Saltzman Creek flume (LWG, 2006, page 2). 

Chronology of the KMLT Site 

In 1940, the Shell Oil Company of California had approximately 23 ASTs in the 
South Yard and 32 ASTs in the lube cell west of the South Yard. At that time, 
the Site was undeveloped north of the South Yard (KHM 2003b, page 8). 

By 1956, Shell Oil Company added two ASTs in the South Yard.  A total of 46 
ASTs were in the lube cell, and six buildings were present in the lube cell area.  
The North Yard was in operation and contained 39 ASTs.  One office and one 
loading rack were located west of the North Yard, and one loading rack was 
located east of the North Yard along NW Front Avenue.  A railroad loading rack 
was located between the North and South Yards.  One AST and one 
outbuilding were east of NW Front Avenue.  Product pipelines were above 
ground east of NW Front Avenue and connected to the Shell marine dock.  
Saltzman Creek was channeled in a concrete flume between the North and 
South Yards and was in a natural channel east of NW Front Avenue to its 
confluence with the Willamette River.  The terminal managed DDT in Tank #4 
in the southwest corner of the South Yard at the KMLT Site during the time 
period 1953 to 1955 (KHM, 2003b, pages 8 & 9). 

Based on a 1975 aerial photograph, Shell Oil Company added 13 ASTs in the 
South Yard, seven ASTs in the North Yard, and six ASTs in the lube cell.  The 
lube cell warehouse, a building west of the North Yard, and the loading rack, 
west of the North Yard, were expanded.  One additional overhead pipeline was 
constructed joining the North and South Yards.  Saltzman Creek was overlain 
by a parking lot east of NW Front Avenue and resurfaced approximately 375 
feet further east, toward the Willamette River (KHM, 2003b, page 9).  Ammonia 
was handled on-site as late as 1979. 

In 1996, an overhead pipeline between the lube warehouse and Chevron's 
Main Yard was present (as depicted in an aerial photograph from 1996).  Boat 
moorage was present north of the Shell marine dock.  The Saltzman Creek 
confluence joined the Willamette River further to the west.  Nine ASTs from the 
South Yard and two out buildings between the North Yard and western-most 
loading racks along NW Front Avenue were removed prior to 1996 (KHM, 
2003b, page 9). 
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7.2.2 Activities, Processes and Chemicals Used/Waste 

There are several categories of operational waste at the KMLT Site, including 
in-line filters, tank bottom sludges, treated water, and oil/water separator 
sediments.  Figure KM-1 (attached to this document) presents the types of 
wastes generated at the KMLT Site (KMLT, 2008b, Response to Question 37).  
Product releases have occurred at the Site over the years.  Subsurface 
contamination at the Site is associated with past practices for tank cleaning 
waste disposal, accidental spills, and leaks.  Storage tanks were routinely 
cleaned internally and externally using abrasive methods.  Prior to 1970, the 
resulting wastes, which included metals and other residues from the stored 
material, were commonly spread on the soil adjacent to the outside of the tank 
(Law, 1991, page 9).  According to the Willbridge Facility RI Report, historical 
waste handling procedures consisted of the following: 

“Prior to the mid-1970s, sludges were disposed according to industry 
standards, which may have included on-site disposal” (KHM, 2003b, page 18).   

“On-site disposal of the sludges typically included spreading the material on the 
ground.  The sludges were typically disposed of in front of the tank manholes” 
(KHM, 2003b, page19).   

From 1953 through 1955, Shell received, stored, formulated and distributed 
DDT at the KMLT Site.  The DDT operations resulted in waste sludges that 
were disposed on-site. The DDT waste stream was tank bottom sludge, a 
mixture of DDT and carrier diesel oil that Shell referred to as “insecticide slop.”  
The estimated amount of “insecticide slop” disposed on-site was 3.5 cubic 
yards (7,000 lbs.) (E&E, 1990, Page 9).  The DDT and carrier diesel oil 
“insecticide slop” was buried in a trench parallel to and along the south side of 
the Saltzman Creek flume at the Site (Shell, 1984, page 1).   

Herbicide is applied on an annual basis along the property fence lines and 
within the gravel yards and secondary containment areas.  Spike ® herbicide is 
currently used.  Spike ® is produced by Dow Chemical and the active 
ingredient is tebuthiuron (Dow AgroSciences, 2010).  Insecticides are currently 
used for managing hornets.  No information is available regarding insecticide or 
herbicide use at the Site before KMLT ownership in 2001 (KMLT, 2008b, page 
11).  

A total of 96 spills have been documented at the Willbridge KMLT Site from 
1969 to 2004.  However, pre-1978 records are not complete (Law, 1991, page 
9). Spill records are not available prior to 1969 (KHM, 2003b, Table 2).  Spills 
included, but were not limited to: metals containing sludges and liquids, 
gasoline (with and without MTBE), diesel fuel, Bunker C oil, jet fuel, lube oil, 
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insecticides, asphalt, and various petroleum solvents (KHM, 2003b, Table 2).  
The heavier petroleum liquids such as diesel and oils would contain PAH 
compounds.  Documented spills throughout the Site range from less than 1 
gallon to 126,000 gallons, with a total documented spill volume of more than 
205,750 gallons (KHM, 2003b, Table 2).  The spills resulted in direct releases 
to the Site soils, Saltzman Creek and the Willamette River of many types of 
petroleum hydrocarbons including, but not limited to: oils, diesel, jet fuels, 
PAHs, kerosenes, and volatile non-chlorinated petroleum solvents.  Table KM-
1 identifies documented spilled/released petroleum liquids and the estimated 
spill quantities at the KMLT Site through October of 2004 (KMLT, 2008b, 
Response to EPA Question 10c).  Spills have continued to occur since 2004.  
For example, a release of approximately 3,260 gallons of aviation fuel to the 
ground near Tank 89 at the KMLT Site occurred on December 1, 2006 (Delta, 
2007d, page 2, Figure 3). 

At the entire Willbridge Terminal (the combined KMLT, Chevron, and 
ConocoPhillips facilities), the total volume of documented releases is 
approximately 327,234 gallons of petroleum related liquids (KHM, 2003b, 
pages 17, 19, and 22).  

7.2.3 Distinguishing Compounds 

The hazardous substances related to KMLT Site activities that have been 
detected in Site soils include: petroleum hydrocarbons (gasoline, jet fuels 
diesel, oils, kerosenes), PAHs (acenaphthene, acenaphthylene, anthracene, 
benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, 
benzo(ghi)perylene, benzo(k)fluoranthene, chrysene, dibenzo(a,h)anthracene, 
fluoranthene, fluorene, indeno(1,2,3-cd)pyrene, naphthalene, phenanthrene, 
and pyrene), BTEX, acetone, metals (arsenic, barium, beryllium cadmium, 
chromium, copper, lead, magnesium, mercury, nickel, vanadium and zinc), and 
pesticides (DDD, DDE, DDT) (KHM, 2003b, Tables 20 through 32).   

The hazardous substances related to KMLT Site activities that have been 
detected in Site groundwater include:  BTEX, PAHs (acenaphthene, 
acenaphthylene, anthracene, benzo(a)anthracene, benzo(a)pyrene, 
benzo(b)fluoranthene, benzo(ghi)perylene, benzo(k)fluoranthene, chrysene, 
dibenzo(a,h)anthracene, fluoranthene, fluorene, indeno(1,2,3-cd)pyrene, 
naphthalene, phenanthrene, and pyrene) (KHM, 2003b, Tables 6 through 18).  
The KMLT Site separate-phase petroleum hydrocarbons (SPH), which mainly 
include gasoline, diesel, jet fuels, kerosene, and oil mixtures, contain these 
COIs at higher concentrations than what is dissolved in the groundwater.  The 
petroleum fuels SPH also contain hundreds of additional hydrocarbon 
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compounds at various concentrations, most of which are not specifically 
identified in standard laboratory analyses.     

7.2.4 Extent of Waste Generated and/or Disposed On-Site 

The primary pathways for Site contaminants to reach the Willamette River are 
by direct spills, stormwater discharge, and groundwater discharge to Saltzman 
Creek and eventually through Outfall 22A.  A secondary contaminant pathway 
to Saltzman Creek and the Willamette River is from fugitive dust deposition 
from the KMLT Site surface soils to the surface water (E&E, 1990, page 9).  
Contaminated groundwater also discharges directly to the Willamette River 
along the shoreline adjacent to the docks serving the KMLT Site and the 
Willbridge Terminal (Delta, 2007c Tables). Preferential pathways for 
groundwater discharges to the Willamette River have been identified along the 
storm sewers that service the KMLT Site and Willbridge Terminal facilities 
(Delta, 2005, pages 3 and 4).   

Information on collection and treatment of stormwater and process waters is 
limited prior to Kinder Morgan ownership.  SPH were found to be discharging 
from groundwater seeps to the Willamette River and to the Saltzman Creek 
flume during the early 1970s (KHM, 2003b, page 1; Law, 1991, page 9).  
Mechanical controls and treatment either did not occur or were not adequate to 
prevent the discharge prior to the early 1970s.  Direct spills of operational 
liquids occurred to both the Willamette River and Saltzman Creek flume, as 
identified on Table KM-1 (Kinder Morgan, 2008b, 104e Response to EPA 
Question 10A).    

7.3 Site investigations and Adequacy 

7.3.1 Extent of Investigation 

Investigations at the Willbridge Terminal Site began in the early 1970s when 
SPH were observed seeping into the Willamette River (KHM, 2003b, page 1) 
and when seepage of an oily substance was seen within the Saltzman Creek 
concrete flume (Law, 1991, page 9; Hart Crowser, 1993, page 5).  Thirty-nine 
ground water monitoring wells were installed between 1971 and 1974 (Law, 
1991, page 2).  The wells were installed to investigate the extent of non-
aqueous phase liquids (NAPL), the presence of seeps into the Saltzman Creek 
flume, and related contamination detected along the bank of the Willamette 
River (Delta, 2007c, page 1).  In 1974, NAPL thickness under the South Yard 
was approximately one foot. 
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The former Shell terminal was proposed to be added to the National Priorities 
Listing (NPL) by EPA in 1988 (E&E, 1988 and 1990).  In 1984, DEQ initiated 
investigation of SPH on groundwater and seeping into the River at the KMLT 
Site (Shell, 1998).  In 1990, DEQ initiated a Preliminary Assessment (PA) (Law, 
1991). 

In 1994, Shell, Chevron and Unocal entered a Consent Order with DEQ to 
conduct a remedial investigation at the Willbridge Terminal.  The RI was 
conducted by KHM. The COIs detected in media at the Willbridge Terminal 
(KMLT, Chevron, and ConocoPhillips) are presented in Table KM-2 (DEQ, 
2010, Page 2).      

One the KMLT Site alone, over 50 additional groundwater monitoring wells 
have been installed either as replacements or for additional area coverage .  
Thirteen wells have documented occurrences of SPH (KHM, 2003b, page 26).  
At the Chevron facility, 20 of the 51 groundwater monitoring wells have been 
recorded as containing SPH (KHM, 2003b, page 26).  At the Conoco terminal, 
16 of the 34 wells have had documented occurrences of SPH (KHM, 2003b, 
page 27).   

DDX was detected in media sampled at the KMLT Site during numerous 
investigations.  Recent erodible soils investigation detected DDX at several 
locations along the Willbridge Terminal waterfront adjacent to the three tank 
farm docks (Delta, 2008a, Table 3).  During the Willbridge Terminal RI, DDX 
were detected at concentrations over 3,000 µg/Kg in surface soils at location 
G-SS-18 near the southern boundary in the KMLT South Yard (south of Tank 4 
that used for DDT storage) (KHM, 200b, Table 32A).  Groundwater from well 
MW-22 (also in the southern boundary of the KMLT South Yard) had a 
detection of DDT at 0.415 µg/L (KHM, 2003b, Table 10).  Past investigations 
detected total DDX concentrations in excess of 250,000 µg/Kg in KMLT Site 
soils (E&E, 1988, Table 9). 

Pesticides were also detected in catch basin sediments at the ConocoPhillips 
terminal.  DDX were detected in sediments from three catch basin samples 
(designated as CB-18, CB-23, and CB-B) (Delta, 2008b, Table 5).   

There are high levels of heavy metals in groundwater beneath all three tank 
farm facilities at the Willbridge Terminal (DEQ, 2010, page 2).  Arsenic was 
detected in most groundwater samples from KMLT Site wells in the 20 µg/L 
range, but higher arsenic concentrations (>100 µg/L) were detected in 
groundwater from the Chevron and ConocoPhillips terminals as shown in Table 
KM-2 (KHM, 2003b Tables 11A & B and Tables 18A & B; DEQ, 2010, pages 2 
and 3).   
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PAHs were detected above the laboratory method reporting limits (MRLs) in 
groundwater samples collected from one or more of the monitoring wells at the 
KMLT Site. The concentrations of benzo(a)anthracene, benzo(a)pyrene, 
benzo(b)fluoranthene, benzo(k)fluoranthene, chrysene, 
dibenzo(a,h)anthracene, and indeno(1,2,3-cd)pyrene exceeded the applicable  
ambient water quality criteria (AWQC) (Delta, 2004 page 12).  MTBE was 
included as an analyte for routine groundwater monitoring and has been 
detected in KMLT Site groundwater at a maximum concentration of 22 µg/L in 
MW-38 (Delta, 2007b, Table 2).    

Groundwater seeps from the KMLT Site along the Willamette River were 
sampled and analyzed.  Each seep contained detectable PAHs (Delta, 2007c, 
Table 2). Seep 1 had the majority of PAH detections with 11 of the 17 PAHs 
detected.  All PAH concentrations in seep samples were above screening 
levels established for Willamette River.  Arsenic was detected in most seep 
samples with the highest concentration of 39.6 µg/L (Delta, 2007c, Table 3). 

7.3.2 Interim Actions/Remediation 

There is little information on remedial actions at the Willbridge Terminal Site 
before 1975.   

Documents after 1975 show that there were 20 interim remedial actions 
conducted at the Willbridge Terminal Site (Kinder Morgan, Chevron and 
Conoco).  Several floating petroleum LNAPL recovery systems have been 
implemented.  Excavation of petroleum impacted soil has also occurred.   

Interim actions conducted since the mid 1970s to address LNAPL in 
groundwater and contaminant seepage into the Willamette River consisted of: 
(1) free-product removal from existing monitoring wells; (2) operation of a 
subsurface cutoff trench; (3) placement of containment booms around seepage 
areas in the Willamette River; and (4) construction of engineered cutoff walls 
around a storm sewer that acts as a migration pathway.  Semi-annual 
groundwater monitoring is ongoing.   

Historical remedial activities at the three tank farms of the Willbridge Terminal 
consisted of the following (KHM, 2003b, pages 27 through 31): 

● • Between 1975 and the early 1980's, Chevron pumped petroleum product 
from a depression in the old Doane Avenue storm sewer.  Unocal pumped 
hydrocarbon product from a boomed containment area installed at the old 
sewer outfall formerly situated between the Chevron and the Tosco/Unocal 
(currently ConocoPhillips) docks.  The pumping was continued until 1982 
when the new Doane Avenue storm sewer was completed and the old 



 
 

   
 11/16/10 Page 117 

 

storm sewer was filled with concrete.  DEQ records report that 
approximately 9,000 gallons of petroleum product were recovered from the 
boom containment between 1974 and 1978. 

● • In 1978, Shell Oil installed a 12-inch diameter SPH recovery well in the 
rail-loading area between its two yards.  This SPH extraction well was 
adjacent to the Saltzman Creek flume.  SPH recovery operations continued 
until 1980. 

● • In 1982, two 10-inch recovery wells (B-31 and B-33, later referred to as 
the "Chevron Well" or EX-1) were installed near the old storm sewer line.  
Two additional extraction wells were installed in 1984.  The extraction wells 
formed a line parallel to the Willamette River on Chevron and the current 
ConocoPhillips property and were designed to stop SPH seepage to the 
Willamette River.  

● • In June 1985, a 12-inch diameter well was installed at the intersection of 
NW Doane Avenue and NW Front Street ("Old RES Recovery Well" or 
RES-o).  Several hundred gallons of petroleum product were recovered 
from this well.  SPH recovery operations continued until April 1986. 

● • In January 1987, SPH recovery shifted from the Old RES Recovery Well 
to nearby observation well U-4. 

● • In September 1987, a clay barrier was installed along the new 60-inch 
storm sewer on the Unocal property (currently ConocoPhillips) near the 
dock to aid in the recovery of SPH and to reduce seepage to the Willamette 
River.  A 12-inch recovery well was installed immediately adjacent to the 
storm sewer pipe at the barrier wall (referred to as New RES Recovery 
Well, RES-n, or Outfall Recovery Well).  SPH recovery was initiated in 
November 1987.  During the first three months of operation, approximately 
1,000 gallons of petroleum product were recovered.  In 1988, approximately 
2,000 gallons of petroleum product were recovered from New RES 
Recovery Well.  Approximately 500 gallons of petroleum product were 
recovered in 1989. 

● • A groundwater interception trench (Holbrook Trench) was excavated in 
the fall of 1988 along the shoreline between the Chevron and Unocal 
(currently ConocoPhillips) docks. The trench was constructed to prevent 
petroleum product seepage into the Willamette River.  During 1988, 
approximately 2,000 gallons of petroleum products were recovered.  The 
Holbrook Trench was operated until 1993.  

● • Monthly manual removal of product was initiated in February 1997. From 
February 1997 to September 2002 an estimated 683 gallons of SPH were 
recovered from wells at the facility by manual bailing, pumping or by 
absorption. Prior to the initiation of hand bailing in February 1997, 



 
 

   
 11/16/10 Page 118 

 

approximately 15,000 gallons of SPH had been recovered by a variety of 
methods. 

● • On September 11, 2000, KHM hand-dug two exploratory excavations on 
each side of the storm sewer near the outfall on the ConocoPhillips facility.  
SPH was present in both excavations and a sheen was present on the river 
the following day. 

● • On September 12, 2000, the excavations were deepened and 6-inch 
diameter, machine-slotted PVC wells were installed in the excavations on 
each side of the storm sewer outfall for the removal of groundwater and 
SPH on the ConocoPhillips site.  

● • On September 21 and 22, 2000, six test pits were excavated to a 
maximum depth of approximately 7.5 feet below grade on the 
ConocoPhillips site.  Two six-inch and four four-inch diameter machine-
slotted PVC extraction points were installed to enhance the dewatering of 
the storm sewer backfill material and subsequently for SPH recovery. 

● • In October 2000, the storm sewer backfill located on the ConocoPhillips 
site was pressure grouted to stop SPH from seeping into the Willamette 
River.  Approximately 1,500 gallons of grout were injected into the storm 
sewer backfill.  The grouting activities may not have sealed all areas.  

● • On November 22, 2000, two recovery trenches and a barrier beneath the 
storm sewer outfall were installed on the ConocoPhillips site.  The barrier 
was installed to seal off the backfill around the sewer and to minimize 
further SPH seepage to the Willamette River.  

● • On October 6, 2000, one recovery well (RW-1) was installed near the 
ordinary high water line of the Willamette River along the 60-inch storm 
sewer on the ConocoPhillips site. Selection of this location was based on 
observation of the greatest amount of SPH in this area. 

● • On February 15 and 16, 2001, five additional recovery wells were installed 
on the ConocoPhillips site. Two wells were installed near the outfall to 
enhance the extraction rate of groundwater and SPH from the trench 
backfill near the outfall.  

● • In April 2001, an interception trench was excavated perpendicular to the 
storm sewer, a few feet up-gradient from the outfall. The trench extended 
fully beneath the sewer and approximately five feet out from each side. This 
trench system was to recover SPH migrating along the sewer pipe backfill 
to the Willamette River from the ConocoPhillips site.  

● • In July 2001, the original interception trench was replaced with a larger 
interception trench because of lower water table levels that resulted in SPH 
seeping through preferential pathways to the River. 
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● • During November 2001 and January 2002, A cutoff wall was installed 
across the 60-inch storm sewer to intercept SPH along the storm sewer 
trench backfill on the ConocoPhillips site.  In two years after its installation, 
approximately 3,525 gallons of SPH had been removed. 

● • In 2002, a soil vapor extraction system (SVE) was installed in the area of 
Tank 60 at the Chevron terminal to mitigate methane generated during the 
degradation of spilled/released ethanol.  Approximately 19,000 gallons of 
ethanol were released in 1999 (ARCADIS, 2007, pages 2 and 3).  

● • Since 1998, more than 2,000 tons of soil generated during construction 
activities at the Chevron terminal have been disposed as petroleum 
contaminated soil offsite. 

○ Chevron installed a sheet-pile barrier wall along the waterfront to control 
SPH and dissolved-phase contaminant migration in groundwater to the 
River.  This barrier wall was completed in July 2006 (ODEQ, 2010).   

7.4 COIs 

7.4.1 Identified COIs 

COIs at the KMLT Site/Willbridge Terminal include gasoline range to heavy oil 
range petroleum hydrocarbons, BTEX, PAHs (all non-carcinogenic and 
carcinogenic forms), metals (arsenic, barium, cadmium, chromium, copper, 
lead, mercury, and zinc), and 4,4-DDX (4,4-DDT, 4,4-DDD, and 4,4-DDE).  
VOCs and SVOCs detected in KMLT Site media include: bis(2-
ethylhexyl)phthalate; n-,sec-, and tert-butylbenzenes; tri-methylated benzenes; 
and p-, and iso-propyltoluenes.  The KMLT Site has SPH on the groundwater.  
The SPH include a wide range of petroleum hydrocarbons from gasoline to 
heavy oil constituents.  Total DDX was detected in surface soils (GATX-SS-18 
sample location) at over 3,000 µg/kg (KHM, 2003b, Table 32A; DEQ, 2010, 
page 2 and 3; Delta, 2004, page 12; E&E, 1988 and 1990).   

7.4.2 COIs that Overlap with RP COIs 

DDX were detected in media at the KMLT Site (Shell, 1984; E&E, 1988, Table 
9; and 1990; E&E, 1990, Table 10; Hart Crowser, 1993; KHM, 2003b; Delta 
2008a).  The pesticide 4,4-DDT and its degradation daughter products, 4,4-
DDD and 4,4-DDE, are COIs at the KMLT Site.  Investigations for DDX 
pesticides began in the 1980s by Shell when DDX pesticides were detected in 
site soils and groundwater (Shell, 1984, pages 3 and 4).  The EPA conducted 
Site investigations during 1988 and 1989 and DDT, DDD, and DDE were 
detected in both South and North Yard soil samples with one soil sample 
having over 250,000 µg/kg concentration of total DDX (E&E, 1988, Table 9).  
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DDX were also detected in groundwater samples (E&E, 1988, Table 11).  The 
downstream sediment sample obtained from the Willamette River contained 
elevated concentrations of DDD (510 µg/kg) (Law, 1991, page 13; E&E, 1988, 
Tables 5 and 9). 

A final Listing Site Inspection was performed by EPA between April and 
November 1989 and documented the presence of 4,4-DDD (66,000 µg/Kg); 
4,4'-DDE (1,000 µg/Kg); and 4,4'-DDT (4,700 µg/Kg) within soil near Tank Nos. 
4, 6, and 26 in the South Yard in areas of past pesticide storage.  
Concentrations of 4,4'-DDD (110 µg/Kg); 4,4'-DDE (32 µg/Kg); and 4,4'-DDT 
(950 µg/Kg) were identified within a soil sample obtained near Tank Nos. 2, 3, 
and 5 in the South Yard.  In the North Yard, 4,4'-DDT (200 µg/Kg) was 
detected within a sample obtained near Tank Nos. 116 and 124 (Law 1991, 
pages 14 and 15; E&E, 1990, Table 9).  

During the Willbridge Terminal RI field activities, seven surface soil samples, 
13 subsurface hydropunch samples and eight utility boring samples were 
analyzed for pesticides (KHM, 2003b, page 74, Table 32A).  Two surface 
samples contained concentrations of 4,4-DDD, 4,4-DDE, and 4,4-DDT.  The 
maximum concentration detected was over 3,000 µg/kg of total 4,4-DDX in a 
sample collected near Tank No. 4 which was used to store and formulate 
mixtures of DDT from 1953 to 1955.  Utility boring UB-4 at 12 feet below grade 
contained 4,4-DDD at 57.5 µg/kg (KHM, 2003b, Table 32b).   

An investigation (Delta, 2008a, Figure 2 and Table 3) of soils along the 
Willamette River adjacent to the Kinder Morgan Liquids Terminal docks 
discovered DDT, DDD, and DDE in erodible soils along the shoreline.  One 
erodible soil sample adjacent to the KMLT dock had concentrations of DDX 
totalling over 180 µg/kg.  The erodible soil sample furthest north and closest to 
the Saltzman Creek discharge (sample S-1) on KMLT shoreline had the lowest 
concentrations of DDT (0.603 µg/kg), DDD (<0.384 µg/kg), and DDE (<0.384 
µg/kg) (DELTA, 2008, Table 3).  Erodible soil samples obtained along the 
Chevron and ConocoPhillips docks and shoreline had concentrations of DDX 
totalling in the 10 to 26 µg/kg range.  

Sediments were sampled from catch basins the ConocoPhillips site and 
analyzed for pesticides.  DDX were detected in sediments from three catch 
basin samples (designated CB-18, CB-23, and CB-B) (Delta, 2008b, Table 5).  
Pesticide analyses of sediments from the KMLT Site and Chevron Site catch 
basins were not available.   

Seven river sediment samples and two duplicates collected from the Willamette 
River between the KMLT and Chevron Sites, were analyzed for pesticides in 
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December 1998.  No pesticide compounds were detected with the exception of 
4,4-DDD at 10.6 µg/kg in sample G-SED 3 that was collected from a location 
between Saltzman Creek and the KMLT dock, approximately 50 feet offshore.  

7.4.3 COIs not Tested for that Likely Overlap with RP COIs 

The groundwater seeps were not analyzed for DDT, DDD, and DDE (Delta, 
2007c pages 2 and 3).  The 2007 Stormwater Pathway Evaluation Work Plan 
(Delta, 2007a, page 8) identified that pesticides, including DDX, were to be 
included as COIs in the investigation of stormwater and residuals, but the 
stormwater report is not available.  DDT and its degradation by-products, DDD 
and DDE, have not been investigated or reported in reviewed documents in 
KMLT’s catch basin, Saltzman’s flume or creek sediments.   

8.0 Koppers 

8.1 Site Background 

The Koppers/Beazer Site is located at 7540 NW St. Helens Road.  Koppers 
(2009, pg. 5 and 11) reports the size of the Site as 6.4 acres (historically the 
leased area was 3 contiguous parcels totaling approximately 7.6 acres (Miller 
Nash LLP, 2008, pages 3 and 8)). It is located north of the Burlington Northern 
Santa Fe (BNSF) railroad line on the east side of St. Helens Road. The 
Koppers/Beazer Site is approximately 1,000 feet west of the Willamette River.  
The Koppers/Beazer Site includes an easement or right of way from the 
Northwest Natural Gas Company (NWN)/Gasco dock across the NWN/Gasco 
property (Koppers, 2009, page 5).  Operations include the bulk storage of 
propane, acetylene, oxygen, gasoline, heavy creosote distillate, petroleum 
process oil, coal tar pitch, and nitrogen.  There are currently six active 
underground pipelines and five abandoned pipelines on the Koppers/Beazer 
Site (Koppers, 2009).   

From approximately 1975 to at least 2008, the operator of the Koppers/Beazer 
Site maintained a permitted discharge of treated wastewater to Doane Creek, 
which discharged through the City Outfall 22C storm sewer to the Willamette 
River.  Doane Creek flows under N.W. St. Helens Road through a culvert.  It is 
unknown when this culvert was installed.  A 1936 aerial photograph shows the 
creek flowing northeasterly from Doane Lake to the Willamette River by 
crossing diagonally through the Siltronic property, to the south of the 
Koppers/Beazer Site (Hahn and Associates, 2007, Appendix A Aerial 
Photographs).  This flow path is also documented in the NWN Remedial 
Investigation Report Figure 6 (Hahn and Associates, 2007).  In approximately 
1951, this creek was channelized to flow easterly across the northern portion of 
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the Siltronic property, as shown in April 1952 through 1965 aerial photographs 
(Hahn and Associates, 2007).  The location of these channelized flow paths for 
the creek across the Siltronic property (one occurring between 1913 and 1951 
and the other between 1951and 1967) are also depicted in the NWN Remedial 
Investigation Report Figure 6 (Hahn and Associates, 2007).  An aerial 
photograph taken on September 23, 1964 shows the creek flowing across the 
northern portion of the Siltronic property.    

In 1965, Doane Creek was re-routed from the St. Helen’s Road culvert to flow 
south along the current Siltronic western property boundary to Doane Lake and 
then easterly in a channelized bed to the Willamette River (1966 through 1971 
historical aerial photographs from Hahn and Associates, 2007, Appendix A).  In 
1972, the east flowing portion of Doane Creek was replaced by an 
underground 96-inch corrugated metal culvert (Siltronic, 2008, page 32).  In 
1980, this culvert was discovered to be leaking and was replaced by the 
existing 84-inch culvert that discharges to the Willamette River as City of 
Portland Outfall 22C (City of Portland Department of Public Works, 1978, as-
built; Siltronic, 2008, page 20).  

The Koppers/Beazer Site was initially operated as part of the Gasco Site, which 
was owned by Portland Gas and Coke Company (PG&C) from approximately 
1910 through 1962 (Hahn and Associates, 2007, page 13).  In 1958, PG&C 
changed its name to Northwest Natural Gas Company (NWN) (NWN, 2008, 
page 143).   

In 1965, NWN leased the Site to Koppers Company, Inc.   In 1988, Koppers 
Company Inc. was acquired by Beazer PLC which was the predecessor of 
Beazer East, Inc (Beazer) (Koppers, 2009, page 1; Koppers, 2003; NWN, 
2008, page 27).  Also in 1988, some Koppers Company Inc. assets (including 
the Koppers name) were sold to Koppers Industries, Inc (including the 
operation at 7540 NW St. Helens Road) who continued Beazer’s lease with 
NWN through to the present (Koppers, 2009, page 8).  In 2003, Koppers 
Industries, Inc. changed its name to Koppers Inc (Koppers, 2003).  

Former operations at the Site included distillation of coal tar into coal tar pitch, 
creosote and chemical oil from 1966 to 1973, and the storage of coal tar pitch 
from 1974 to 1988.  COIs identified at the Koppers/Beazer Site include but are 
not limited to, PAHs, phenols, petroleum hydrocarbons, metals, and sulfur.  
Impacted media include soil, groundwater, surface water (Doane Creek, NDP, 
City Outfall 22C, and Willamette River), and sediment (Doane Creek, NDP, City 
Outfall 22C, and Willamette River).  A list of the Site COIs is presented in Table 
3-A. 
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Approximately 1,500 gallons of wastewater were generated per day from the 
coal tar pitch distillation process.  In 1966, sanitary and laboratory wastewater 
was discharged to onsite septic tanks that flowed into three leach pools.  
Wastewater associated with current operations is limited to stormwater runoff 
from containment areas surrounding tanks and loading stations and boiler 
water blow down (Koppers, 2009, pg. 2).   

Most of the property investigations on the Koppers/Beazer Site have been 
completed by NWN as part of the DEQ Voluntary Cleanup Program work or the 
LWG Portland Harbor Upland Assessment for the Gasco Site (Koppers, 2009, 
pg. 42).     

The Koppers/Beazer Site operation uses a dock on the Willamette River owned 
by NWN.  It is used for unloading raw materials and loading product.  The dock 
is used by several companies in addition to the operator of the Koppers/Beazer 
Site (Koppers, 2009, page 5).  As of 2009, Koppers used the dock for 
shipments and receipts approximately 4 times per year (Koppers, 2009, page 
6). 

Koppers began a pitch melt process in 2002 and installed a pipeline for 
transferring liquid pitch between the dock and the Site (Hahn and Associates, 
2007).  The pipeline is approximately 2,400 feet long and discharges to a 
storage tank on the Koppers/Beazer Site (Hahn and Associates, 2007, page 
13).   

8.2 Site Activities 

8.2.1 Activities, processes and chemicals used 

Between 1913 and 1956, PG&C operated an oil manufactured gas plant (oil 
MGP) on the Gasco site with some of the production occurring on the 
Koppers/Beazer Site (Hahn and Associates, 2007, page 13;Miller Nash LLP, 
2008, page 19; NWN, 2008, page 17).   The Koppers/Beazer Site included the 
former MGP light oil plant, the pitch plant buildings, tar loading, pitch bay, and 
pitch pans (Hahn and Associates, 2007, page 14).  The operation produced 
gas, lampblack, and tar.  In 1941 a coke oven was installed on the 
Koppers/Beazer Site (Hahn and Associates, 2007, page 15, Figure 6).  The 
coke oven produced oil gas, coke, tar, light oil, and creosote oil.  Much of the 
byproducts from the production process were refined to produce secondary 
products.  The MGP operations ceased in 1955 and a liquefied natural gas 
plant (LNG plant) operated by NWN was constructed in the late 1960s north of 
the Koppers/Beazer Site (Hahn and Associates, 2007, page 16).        
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In addition to that described above, the Koppers/Beazer Site operations 
included: 

● 1965:  The lease of two storage tanks at the Site to Hercules Powder 
Company.  Beazer stated it is unaware of the terms of the lease or of the 
nature of operations (Miller Nash LLP, 2008, page 13.).  Hercules Powder 
Company (later known as Hercules Inc. and Ashland Inc.) was an 
explosives and rocket fuel manufacturer (International Directory of 
Company Histories, 2004).  During the 1960s, Hercules also manufactured 
Agent Orange and other specialty chemicals (Business Courier of 
Cincinnati, 2009; International Directory of Company Histories, 2004).       

● 1966-1973:  Distilled coal tar into coal tar pitch, creosote, and chemical oil 
(Hahn and Associates, 2007, page 21; Koppers, 2009, page 8; Miller Nash 
LLP, 2008, page 10).    Distillation activities included turning coal tar into 
coal tar pitch, creosote, and chemical oil (Koppers, 2009, page 17; Miller 
Nash LLP, 2008, page 10).  The coal tar pitch distillation plant closed in 
1973, but reopened in 1976 for a period of 6 months (Koppers, 2009, page 
8).   

● 1974-1977:  Manufactured electrode grade pitch from coal tar and 
petroleum residues in a plant scale test (Hahn and Associates, 2007, page 
22; DEQ, 1993, page 2; Miller Nash LLP, 2008, page 10 and 47).  Creosote 
was also blended to produce specialty tar products.  Conducted electro-
binding operations; however a description of the operations and the time 
period of when they occurred was not specified (1979 EPA hazardous 
waste inventory report as cited in NWN, 2008, page 117). 

● 1974-1977:  Purchased coal tar pitch and creosote oil, and stored the 
materials at the Site before shipping (Koppers, 2009, page 17).   

● 1975:  Installed a rainwater collection and treatment system, which included 
an oil water separator for oil removal.  Prior to installation of this system, 
storm water and boiler blow down were discharged through a culvert which 
led to an unnamed creek and to the Willamette River.  An NPDES permit 
was issued for that discharge (Miller Nash LLP, 2008, page 41). 

● 1977 -1988:  Received, stored, and distributed pitch and other coal tar 
products (Miller Nash LLP, 2008, page 10 and 47).  

●  1980:  Leased pipelines to Pacific Northern Oil Company.  Beazer 
indicated it was unaware of the terms of the lease or the nature of 
operations (Miller Nash LLP, 2008, page 13). 

● 1984 -1988:  Imported coal tar binder pitch from Asia in solid form ("pencil 
pitch”) (Koppers, 2009, page 17).   
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● 1988: Koppers Company, Inc. was acquired by Beazer (Koppers, 2009, 
page 8) 

● 1988: Koppers Industries, Inc. acquired certain assets from Beazer and 
continued Beazer’s lease with NWN (Koppers, 2009, page 8; Koppers, 
2003).   

● 1988-present:  Operated bulk transfer and distribution terminal for solid coal 
tar pitch, and expanded the transfer and distribution for liquid creosote coal 
tar in 1999 (Hahn and Associates, 2007, page 22; Koppers, 2009, page 6).   
The coal tar is either stored on Site or remanufactured on Site prior to 
distribution.  Liquid coal tar pitch is received by ship at the NWN dock and 
pumped to the Koppers/Beazer Site through an aboveground, heated 
pipeline (Hahn and Associates, 2007, page 13).  Solid pencil pitch is 
stockpiled on Site in a building.  

● 1993-present:  Herbicides and insecticides were used at the 
Koppers/Beazer Site (Koppers, 2009, page 20).   

● 1999:  Constructed a meIter to convert the solid pitch to a liquid form 
(Koppers, 2009, page 17).  Creosote and refined tar storage and shipment 
from the Site ended by 1999.   

● After 1999:  Imported and shipped binder pitch (primarily the aluminum 
industry) (Koppers, 2009, page 18).   

Production materials at the Koppers/Beazer Site included bulk storage of 
propane, acetylene, oxygen, gasoline, heavy creosote distillate, petroleum 
process oil, coal tar distillate, coal tar pitch, and liquid nitrogen (Koppers, 2009, 
page 19).  Other materials handled by Beazer and Koppers included boiler 
water treatment chemicals (specific chemical names were not available), 
diesel, heat transfer oil (typically used in closed-loop, liquid phased heating 
systems) and lubricants.  Small quantities of solvents and laboratory chemicals 
were also used in operations at the Site, although the names of the chemicals 
were not available (Koppers, 2009, page 19).   

The Koppers/Beazer Site has 11 underground pipelines (5 abandoned, 6 
active) (Koppers, 2009, page 16).  The dates of abandonment for these 
pipelines were not available.  The abandoned pipelines once contained 
creosote, fire retardant foam, and product.  The contents of two of the 
abandoned pipelines were unknown, but one pipeline was in the vicinity of the 
lower tank farm and one ran from the boiler house to the former maintenance 
area (Koppers, 2009, page 16).  The active pipelines contain storm water, 
water, natural gas, distillate, and sewage.  The Koppers/Beazer Site also 
includes an aboveground pipeline that was installed in 1999 from the NWN 
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dock to the property that transports liquid pitch offloaded from ships (Koppers, 
2009, page 20).  

Spraying of chemicals for weed control was conducted onsite bi-annually since 
at least 1993 (Koppers, 2009, page 20).  The list of chemicals used was not 
available.   

8.2.2 Waste 

Wastes generated at the Site during the Gasco MGP operation, included 
process water, spent oxides, and residual lampblack (NWN, 2008, page 78).  
There is no information available on what Gasco wastes were disposed of at 
the Koppers/Beazer Site.  From 1965 to 1988, Koppers/Beazer Site facility 
waste streams included creosote, pitch, process water, tank sludges, and 
spilled materials (Miller Nash LLP, 2008, page 51).  Waste creosote and pitch 
were solidified in storage tanks and then dumped at the Site’s land disposal 
area on the east side of the Koppers/Beazer Site (DEQ, 1993, page 1).  Solid 
wastes contained coal tar constituents, including naptha, tar acids, tar bases, 
naphthalene, phenanthrene, higher boiling oils and pitch.  An estimated 100 
tons of waste were generated and disposed on Site while the Site was 
operated as a tar distillation facility until 1973.  Solid waste volumes would 
have diminished after distillation activities ceased (Miller Nash LLP, 2008, page 
51).  1,500 gallons of waste water per day were generated during the operation 
of the distillation facility (Hahn and Associates, 2007, page 22; NWN, 2008, 
page 67; Miller Nash LLP, 2008, page 40).    

From 1988 to the present, Koppers’ waste streams included tank sludges, 
boiler blow down, storm water from tank containment areas and sumps, 
occasional spill clean-up materials, and incidental hazardous soil resulting from 
onsite construction projects (Koppers, 2009, page 19).   

The Koppers/Beazer Site was not connected to the City’s sanitary sewer 
system until approximately 1973 when the sanitary sewer main was installed 
adjacent to the Site (City of Portland Department of Public Works, 1973, as-
built).  Prior to 1973, it is unclear how and where Beazer discharged sanitary 
waste and waste water.   

A storm water/waste water collection and treatment system (an oil/water 
separator) was installed around the tank farm in 1975 to comply with permit 
conditions.  An NPDES permit was required for the Koppers/Beazer Site 
because prior to the installation of the treatment system in 1975, storm water 
and boiler water blow down discharged directly to a ditch (assumed to be the 
same as the Koppers/Beazer outfall that discharges to Doane Creek and City 
outfall 22C) (DEQ, 1993, page 2; Miller Nash LLP, 2008, page 41.  Prior to 
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1975, stormwater and boiler water blow down discharged under a permit for the 
Gasco Site (Miller Nash LLP, 2008, page 38).  Koppers/Beazer filed for its own 
NPDES permit on June 29, 1971 and the permit was issued June 24, 1975 
(Miller Nash LLP, 2008, page 38).  Industrial waste water was also discharged 
to the sanitary sewer under a permit (DEQ, 1993, page 2).     

In 2002 and 2003, Koppers became a Large Quantity Generator because tank 
cleaning activities created sludges that were hazardous wastes (Koppers, 
2009, page 31).  Koppers' RCRA identification number is ORD027734359 
(Koppers, 2009, page 29 and 32).  Sludges were disposed of as hazardous 
waste because of the concentrations of benzene and creosote present in the 
sludge (DEQ, 2009).    

From 1988 to 2008, treated waste water discharged to the Willamette River 
through the outfall to Doane Creek.  The outfall was a culvert on the south side 
of the Koppers/Beazer Site that leads to a drainage ditch which discharges to 
Doane Creek, approximately 150 feet from Koppers/Beazer outfall (Koppers, 
2009, page 17; NWN, 2008, page 54).  Prior to late 2008, stormwater was 
treated with an oil/water separator, stored in six storm water storage tanks (with 
a capacity of 220,000 gallons), and discharged in batches to the River (Hahn 
and Associates, 2007, page 138).  The water was tested before discharge 
(NWN, 2008, page 54).  It is unknown for how many years during Site 
operations the batch discharge of stormwater was conducted.  Between 2004 
and 2005, 220,000 gallons of stormwater was discharged to Doane Creek one 
to four times per month during the wet season (Hahn and Associates, 2007, 
page 138).  The batch discharged storm waters entered the Willamette River 
through Doane Creek and the City of Portland Outfall 22C.  Several notices of 
NPDES non-compliance were issued in 1996 and 1997 and pertained to 
concentrations of phenol and PAHs exceeding effluent limitations (Koppers, 
2009, page 31).   

Since 2008, waste water effluent included storm water runoff from the 
containment areas around tanks and loading stations and boiler water blow 
down (Koppers, 2009, page 2).  Storm water and boiler water blow down is 
collected, pumped into an oil/water separator and discharged to the City of 
Portland's Publicly Owned Treatment Works ("POTW") (Koppers, 2009, page 
17).  There is no information available regarding whether any storm water or 
waste water is currently discharged to Doane Creek.  However, the DEQ waste 
water Permits database indicates that Koppers is a facility that disposes of 
process waste water.   
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8.2.3 Distinguishing Compounds 

COIs at the Koppers/Beazer Site include VOCs (benzene, toluene, 
ethylbenzene, xylene (BTEX)), SVOCs (cresols and phenols), PAHs (including 
naphthalene, phenanthrene, anthracene, benzo(a)anthracene, benzo(a)pyrene, 
chrysene, indeno(1,2,3-cd)pyrene, acenaphthene, benzo(g,h,i)perylene, 
fluoranthene, fluorene, and pyrene), petroleum hydrocarbons, metals, tar acids, 
tar bases, and sulfur (Hahn and Associates, 2007, page 28 and 139-140; Miller 
Nash LLP, 2008, page 51).  

8.2.4 Extent of Waste Generated and/or Disposed on-Site 

Prior to 1956, Gasco discharged wastes containing high levels of PAHs and 
other chemicals directly to the Willamette River.  Later, Gasco disposed of tar 
and other process wastes in waste pits and numerous unlined ponds on its 
property.  Aerial photographs from the 1950s depict the Koppers/Beazer Site 
(at that time operated as part of the Gasco facility) covered in black material 
(Hahn and Associates, 2007, Appendix A Aerial Photographs). The pond 
sediments were mixed with river dredge spoils and spread by bulldozer as fill 
material throughout the entire Gasco site.  Also prior to 1965, Gasco 
demolished much of its former coking-related facilities and waste materials 
were spread around the entire property and used for fill (Miller Nash LLP, 2008, 
pages 3, 21-22, and 39).    

 Waste handling included onsite disposal pits that collected creosote and pitch, 
and land-farmed waste water from onsite tar stills.  Waste materials included 
creosote residuals, pitch, phenols, oils, grease, and sulfur. The wastes 
contained coal-tar related constituents, including naptha, tar acids, tar bases, 
naphthalene, phenanthrene, anthracene, higher boiling oils and pitch (Miller 
Nash LLP, 2008, page 51).          

From 1965 to 1988, solid wastes and soil associated with spills, leaks and 
maintenance events were disposed in an on-site area described as being 
located near the northern boundary line of the Koppers/Beazer Site (Miller 
Nash LLP, 2008, page 38 and 79).  During 1966 through 1973, an estimated 
100 tons of solid waste from spills and off-specification product were disposed 
of on the northern area of the property while tar distillation operations were 
occurring (Miller Nash LLP, 2008, pages 40 and 51).  Several accidental land-
based spills of tar-related product and materials occurred at the Site (Miller 
Nash LLP, 2008, pages 38-39).  Beazer claims to not be aware of the precise 
location of this waste disposal area, or when use of the disposal area occurred 
or was discontinued (Miller Nash LLP, 2008, page 41).  An aerial photograph 
from November 1972, however, clearly depicts the entire Koppers/Beazer Site 
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surface stained black (Hahn and Associates, 2007, Appendix A Aerial 
Photographs; NWN, 2008, page 57). Wastes from roofing pitch and electro-
binding operations that consisted of phenols, oil and grease were disposed on 
the east side of the Koppers/Beazer Site adjacent to the Siltronic site (NWN, 
2008, page 117 (1979 EPA hazardous waste inventory report)).  The disposal 
area measured approximately 100 by 20 feet in size (NWN, 2008, page 117). 

Between 1966 and 1975, waste waters, solidified waste creosote and pitch 
generated on the Site were disposed on the east side of the Koppers/Beazer 
Site (Hahn and Associates, 2007, page 22 and Figure 6; DEQ, 1993, page 1; 
NWN, 2008, page 67).  This land disposal area is observable in 1966, 1968, 
and 1972 aerial photographs (Hahn and Associates, 2007, Appendix A; NWN, 
2008, page 67).    

The land disposal area was part of a biological degradation system, (Koppers, 
2009, page 8).  The process water treatment facility was an oil/water separator 
followed by dehydration and biological/bacterial degradation in a land-based 
leach field (Miller Nash LLP, 2008 pages 37-38 and 40).  The leach field 
percolated waste water through the soil.  It was used from approximately 
January 1966 through July 1973, and less frequently through June 1977.  It 
was designed for 1,200 to 1,800 gallons of waste water per day, with the 
primary waste constituents being chemical oxygen demand, biological oxygen 
demand, phenol and sulfides (Miller Nash LLP, 2008, page 37).  In 1990, 
Koppers excavated contaminated soil during building excavation.   Koppers 
shipped 41,600 units of soil (units are unknown) to Chemical Waste 
Management’s hazardous waste landfill (Koppers, 2009, page 35).   

In 1993, Koppers disposed of 1,278 pounds of soil contaminated with creosote 
at a landfill (DEQ, 2009).   

 Koppers had annual chemical air emissions and surface water discharges 
(EPA, 2010).  The chemicals released included biphenyl, creosote, 
dibenzofuran, anthracene, naphthalene, and polycyclic aromatic compounds 
(specific PAC compounds were not identified) (EPA, 2010).  

In 1999, Koppers excavated 1,365 tons of petroleum impacted soil during the 
construction of an aboveground storage tank.  The contaminated soil may have 
been attributable to Gasco operations (Koppers, 2009, page 36).   

In 2008, Koppers disposed of 6,450 pounds of distillate material containing 
creosote.  The waste was derived from either a process equipment change-out 
or the discontinued use of equipment (DEQ, 2009).    
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Additional known spills on the Koppers/Beazer Site included (NWN, 2008, page 
117; Koppers, 2009, pages 34-37):  

● An unknown quantity of coal tar pitch dust discharged in 1969 into the 
Willamette River.  

● 100 gallons of creosote spilled on railroad tracks in 1989 during tank car 
heating; 

● Unknown quantity of oil spilled on Koppers’ track number 4 in 1995 during 
loading of a railcar.   

● In 1998, 7 tons of liquid coal tar pitch was spilled at the tank farm.  Spilled 
material was recovered for recycling or disposal.      

● Two gallons of coal tar pitch dust were discharged to the Willamette River 
by Koppers in 2003. 

8.3 Site investigations and adequacy 

8.3.1 Extent of investigation 

Neither Koppers nor Beazer has conducted a comprehensive assessment or 
remedial investigation of hazardous substance releases from operations at the 
Koppers/Beazer Site.  To the extent that any assessments relating to the 
Koppers/Beazer Site have been performed, those assessments have been 
included in investigations related to the NWN/Gasco property, either through 
the DEQ Voluntary Cleanup Program or the LWG Portland Harbor Upland 
Assessment (Koppers, 2009, page 42).      

Koppers’ investigations at the Site have been limited to those for health and 
safety purposes and to meet permit requirements.    

8.3.2 Extent of Testing 

Neither Koppers nor Beazer has submitted waste characterization results, 
profiles or waste manifest documents to the DEQ. 

On May 10, 1968, sampling of surface water discharging to the Willamette 
River through the ditch (now routed to Outfall 22C) from North Doane Lake and 
Morgan Creek had “a strong cresol odor … coming from Morgan 
Creek…organic material was seen to be coming down the creek above the 
point where lake “B” (NDP) empties into Morgan Creek” (Husemann, 1968, 
page 1).   The Husemann 1968 memorandum states that cresols present in 
Morgan’s Creek are coming from the direction of Koppers in concentrations 
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(5.0 ppm 6-chlorocresol, and 4.7 ppm o-cresol) greater than those coming from 
North Doane Lake discharges to the Morgan’s Creek (Husemann, 1968). 

Monitoring wells surrounding the Kopper/Beazer Site waste disposal area were 
sampled by DEQ in 1982.  Sample results detected naphthalene, 
acenaphthene, fluorene, phenanthrene, anthracene, fluoranthene, pyrene, 
lead, and ethylbenzene above groundwater standards.  Similar contaminants 
were detected in a sediment sample collected from a containment basin in 
addition to benzo(a)pyrene (DEQ, 1993, page 2).  These constituents are 
consistent with those distinguishing compounds stored, used, and 
manufactured at the Koppers/Beazer Site.   

DEQ documents confirm the presence of PAHs in soil and groundwater at the 
Koppers/Beazer Site from disposal of process water (Siltronic, 2008, page 20).  

Investigations conducted at the Site as part of the Gasco RI/FS between 1994 
and 2006 show surface soils at one location on the Koppers leased area with 
detections of PAHs exceeding ecological screening levels (NWN, 2008, page 
132).  Storm water samples collected from the Koppers/Beazer Site during the 
Gasco RI/FS had detections of PAHs, but the exact PAH chemicals that were 
detected were not identified (NWN, 2008, page 133).  

Soil boring samples collected on the Koppers/Beazer Site in 1995, 1998, and 
2000 detected gasoline and diesel/oil, total PAHs and carcinogenic PAHs, total 
phenols, total cyanide and BTEX at several locations and widespread creosote 
contamination (Hahn and Associates, 2007, page 143 and Table 3).  Arsenic, 
copper, lead, mercury, and zinc were detected in several soil samples at 
concentrations exceeding several screening levels (Hahn and Associates, 
2007, Table 6).  The PAHs included detections of benzo(a)anthracene, 
benzo(b)fluoranthene, benzo(k)fluoranthene, benzo(a)pyrene, chrysene, 
diben(a,h)anthracene, indeno(1,2,3-cd)pyrene, acenaphthylene, anthracene, 
benzo(g,h,i)perylene, fluorene, naphthalene, phenanthrene, and pyrene (Hahn 
and Associates, 2007, Table 4).  The phenol detection was for 
pentachlorophenol.  Dioxins and furans are typically associated with 
pentachlorophenol; however, these soil samples were not analyzed for dioxin 
and furans.     

GASCO conducted investigations from 2000 to 2005 on the surface water and 
sediment in City of Portland Outfall 22C and the associated drainages (NDL, 
Doane Creek and NDP) that discharge to Outfall 22C (Hahn 2006 as cited on 
page 139 the NWN RI/FS report).  The analytical results show that PAHs were 
discharging from Outfall 22C to the Willamette River.  The PAHs detected 
include acenaphthene, anthracene, benzo(a)anthracene, benzo(a)pyrene, 
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benzo(g,h,i)perylene, benzo(k)fluoranthene, benzo(b)fluoranthene, chrysene, 
dibenzo(a,h)anthracene, fluoranthene, fluorene, indeno(1,2,3-cd)pyrene, 
naphthalene, phenanthrene, and pyrene (Hahn and Associates, 2007, page 
140).  The PAH concentrations in the NDP, the Koppers/Beazer Site drainage 
culvert to Doane Creek and the culvert draining the Tualatin Hills under N.W. St 
Helens Road were higher than concentrations in samples from North Doane 
Lake.  PAHs were also present at much higher concentrations in the sediments 
of the NDP than in NDL.  Benzene was only detected in surface water from 
Outfall 22C.  The water discharging from the Koppers/Beazer Site culvert had 
elevated concentrations of lead (Hahn, 2006).   

Dust samples collected in 1996 from fire hose enclosures near the pencil pitch 
storage area show that storage and use of pencil pitch may be contributing to 
PAHs in the surface soils.  The results and specific PAH detections were not 
identified (Hahn and Associates, 2007, page 168).   

Storm water discharge data collected by Koppers in 2003 and 2004 had 
detections of: BTEX, benzo(a)anthracene, benzo(a)pyrene, chrysene, 
indeno(1,2,3-cd)pyrene, acenaphthene, anthracene, benzo(g,h,i)perylene, 
fluoranthene, fluorene, naphthalene, phenanthrene, pyrene, cyanide, copper, 
lead, and zinc (Hahn and Associates, 2007, page 139).  These samples were 
collected at the Koppers/Beazer Site outfall to Doane Creek.  Hahn and 
Associates duplicated the sampling effort in February, June, and October 2005 
and detected similar PAH constituents and metals in the Koppers/Beazer Site 
outfall to Doane Creek (Hahn and Associates, 2007, page 140).  

Groundwater samples from wells on the Koppers/Beazer Site contained the 
same PAHs found in soil, VOCs (BTEX and naphthalene), SVOCs (carbazole, 
dibenzofuran, 2-methylnaphthalene, 2-methylphenol, and phenol), total and 
amenable cyanide, arsenic, and lead at concentrations exceeding some 
screening levels  (Hahn and Associates, 2007, Tables 10, 11, and 13).      

8.3.3 Interim Actions/Remediation 

Remediation on the Koppers/Beazer Site includes: 

● 1990:  Excavated contaminated soil during building excavation.   Shipped 
41,600 units of soil (units are unknown) to Chemical Waste Management’s 
hazardous waste landfill (Koppers, 2009, page 35).   

● 1993:  Disposed of 1,278 pounds of soil contaminated with creosote at a 
landfill (DEQ, 2009).   
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● April 1999:  Excavated approximately 1,365 tons of petroleum 
contaminated soil during construction of a coal pitch AST (Koppers,2009, 
page 36). 

8.3.4 Data Gaps 

The Koppers/Beazer Site COIs include VOCs, SVOCs, PAHs, petroleum 
hydrocarbons, metals, cyanide, tar acids, tar bases, and sulfur (Hahn and 
Associates, 2007, page 28 and 139-140; Miller Nash LLP, 2008, page 51).  The 
Site operations likely impacted the leased property and North Doane Lake 
(1965-1971 when Doane Creek discharged to North Doane Lake), soil and 
groundwater along the Doane Creek ditch (before it is piped through a culvert 
to Outfall 22C), and sediments and surface water at Outfall 22C.    Limited 
investigations have been conducted to evaluate the Site operations impacts to 
the environment even though historical documentation show that operations 
discharged solid and liquid waste containing COIs to the environment.  The 
Beazer 104(e) response states that in 1965 storage tanks on the Site were 
leased to Hercules Powder Company (Miller Nash LLP, 2008).  Given the types 
of products that Hercules Powder Company manufactured and sold during the 
1960s there is the possibility that Agent Orange or other specialty chemicals 
were stored and released on the Koppers/Beazer Site.   

8.4 COIs 

8.4.1 Identified COIs 

COIs at the Koppers/Beazer Site include VOCs, SVOCs, PAHs, phenols, 
petroleum hydrocarbons, cyandine, and metals.  VOCs include BTEX and 
naphthalene.  SVOCs include carbazole, dibenzofuran, 2-methylnaphthalene, 
2-methylphenol, and phenol (the phenol detection includes pentachlorophenol).  
The PAHs include benzo(a)anthracene, benzo(b)fluoranthene, 
benzo(k)fluoranthene, benzo(a)pyrene, chrysene, diben(a,h)anthracene, 
indeno(1,2,3-cd)pyrene, acenaphthylene, anthracene, benzo(g,h,i)perylene, 
fluorine, naphthalene, phenanthrene, and pyrene. The metals include arsenic, 
copper, lead, mercury, and zinc.  Gasoline and diesel/oil are the petroleum 
hydrocarbons of note. 

Some of the COIs on the Koppers/Beazer Site, such as cyanide, are related to 
historical Gasco MGP activities at the Site and are not directly related to 
Koppers or Beazer activities.  Additionally, some of the metals detections in 
media at the Site may the result of both Gasco MGP activities and the Koppers 
andBeazer activities.    
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8.4.2 COIs that Overlap with RP COIs 

Phenolic compounds, creosols, arsenic, lead, and BTEX.   

8.4.3 COIs not Tested for that Likely Overlap with RP COIs 

Herbicide and insecticides were used at the Koppers/Beazer Site since at least 
1993 (Koppers, 2009, page 20).  No investigations have been conducted for 
herbicides and insecticides.   

Storage tanks on the Site were leased to Hercules Powder Company in 1965.  
Given the types of products that Hercules Powder Company manufactured and 
sold during the 1960s there is the possibility that rocket fuel, explosives, Agent 
Orange or other specialty chemicals may have been stored or released on the 
Koppers/Beazer property.  Dioxins and furans are known to be associated with 
Agent Orange. 

9.0 Schnitzer/Air Liquide 

9.1 Site Background 

The Schnitzer/Air Liquide (S/AL) Site at 6529 N.W. Front Avenue is located to 
the east of the RP property adjacent to N.W. Front Avenue and the Metro 
Central Transfer Station property.  The property is owned by Schnitzer, but the 
southern portion of the property is leased to Air Liquide LLC (Air Liquide).  
Portions of the Schnitzer property were within the former Doane Lake 
boundary.  The S/AL Site is between the RP Property and the Willamette River, 
approximately 1,200 feet southwest of the Willamette River..   

Schnitzer built an acetylene manufacturing plant on the southern portion of the 
property in 1949 and leased the plant to Air Liquide in 1969.  The northern 
portion of the property is currently vacant, but has historically been used for 
disposal of lime waste, auto fluff materials, and waste roofing materials (ODEQ, 
2010).  Much of this disposal occurred in former Doane Lake and later EDL.  
Hazardous substances associated with the property include calcium hydroxide, 
metals (arsenic, barium, chromium, cadmium, lead, mercury, selenium, silver) 
petroleum hydrocarbons, PCBs, VOCs (TCE, 1,1,1-TCA, 1,1-DCA, acetone, 
MEK, and PCE) and PCDD/PCDF (Jin et al, 2009).  Impacted media include 
soil, groundwater, stormwater, and former lake surface water and sediment.  A 
list of the COIs associated with the Schnitzer/Air Liquide property is provided in 
Table 3-A.  
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9.2 Site Activities 

9.2.1 Activities, Processes and Chemicals Used 

Schnitzer purchased the site in 1947, built an acetylene manufacturing plant on 
the southern portion of the S/AL site in 1949.  The facility was operated by 
Schnitzer under “Industrial Air Products” until 1969 (ODEQ, 1993).  Liquid Air 
Corporation (now Air Liquide) leased the plant beginning in 1969.  The northern 
portion of the property is currently vacant and was formerly part of EDL and 
used by Schnitzer for disposal of auto fluff wastes (ODEQ, 2010).  

Historic activities at the site included manufacture and bottling of acetylene gas 
and purification and bottling hydrogen gas. 

Manufacture and Bottling of Acetylene Gas 

Acetylene is manufactured by mixing water and calcium carbide powder in a 
mechanical mixer.  The acetylene gas from the mechanical mixer is piped 
through a compressor and stabilized with acetone prior to filling tanks.  As of 
2008, the facility had utilized approximately 89,582,190 pounds of calcium 
carbide and 1,500,000 gallons of acetone, and produced approximately 
412,000,000 cubic feet of acetylene gas since 1969 (Air Liquide, 2008).         

In 1995, the facility utilized approximately 50,000 pounds of calcium carbide 
per month  and approximately 350 gallons of acetone per month (AGI, 1995).  
The acetone was stored in an above-ground 350 gallon double walled tank 
located outside the building to the northeast of the acetylene bottle filling area 
(AGI, 1995).  Prior to its removal in 1993, acetone was stored in a 1,500 gallon 
single wall UST located near the 350 gallon acetone AST (AGI, 1995).  Results 
of soil and groundwater sampling  after removal of the acetone UST detected 
VOCs (e.g. acetone), TPH and lead.   

Monkey dust was utilized to purify the acetylene gas (Air Liquide, 2008). The 
monkey dust is primarily comprised of diatomaceous earth (35.8%) and ferrous 
chloride (62.7%) with trace amounts of mercury dichloride (0.023%) (Air 
Liquide, 2008 (USEPA SF 1294973)).  Analytical results for a “spent filter 
material” (monkey dust) was above EP toxicity limits for mercury and chromium 
(3.8 mg/l and 6.7 mg/l, respectively) (SRH, 1989).   

Purification and Bottling of Hydrogen Gas 

S/AL site operations included “removing impurities from hydrogen gas 
generated as a by-product at and piped from a nearby chemical processing 
facility (former Arkema facility)” (Waste Express, 1995).  Hydrogen gas was 
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piped onto the facility (from the adjacent Arkema facility) and compressed into 
cylinders.  Oil was added to the hydrogen cylinders to remove water.  The 
oil/water mixture was removed from the cylinders and processed through an oil 
water separator.  Oil from the oil/water separator was placed in the used oil 
tank.  The compressed hydrogen was dried using a silica-gel process (Fugro, 
1996a).     

Other Activities 

Air Liquide conducted cylinder maintenance and re-qualification activities at the 
site which generated “shot blast” waste (Air Liquide, 2008 (USEPA SF 
1294973)).  Shot-blast waste reportedly contains arsenic, barium, cadmium, 
chromium, lead, mercury, selenium, and silver (in Air Liquide, 2008 (USEPA SF 
1294972)). TCE was also used at the site for equipment cleaning (Fugro, 
1996b).   

The following materials (and associated compounds) were also used at the site 
(Air Liquide, 2008): 

● Various enamel paints (2-butanol (methyl ethyl ketone), 2-butoxyethanol) 

● 76 Turbine Oil (Petroleum Hydrocarbons) 

● 7175 Aluminium (2-butyl alcohol, 2-butoxy ethanol, alkanolamines, mineral 
spirits) 

● Cantesco formula 300 leak detection compound 

● Monkey dust (mercury bichromate). 

9.2.2 Waste  

The acetylene manufacturing process generates calcium hydroxide (lime) 
waste.  Air Liquide and Schnitzer discharged the waste into a settling pond on 
the S/AL Site adjacent to East Doane Lake until 1981, when Air Liquide began 
to sell it as product (Air Liquide, 2008).    Prior to 1981, the lime waste was 
discharged to a recirculation pond (Air Liquide, 2008) or East Doane Lake   
(Fugro, 1996b).  As of 2008, the facility had generated approximately 54,000 
dry tons of calcium hydroxide slurry waste and 150,000 pounds of calcium 
hydroxide solids (i.e. “rocks”) since 1969 (Air Liquide, 2008). 

Since 1981, Air Liquide pumps the waste to four silos where the lime settled 
out of solution.  The liquid from the settling silos (supernatant) is pumped to an 
oil/water/gas separator that removes the residual acetylene and returns the 
liquid to the carbide mixer (AGI, 1995).  The 1995 AGI report does not mention 
if the oil/water/gas separator removes oil from the lime waste supernatant. 
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Between the mid-1980s and 1993, approximately 23,000 lbs of spent monkey 
dust was sent off site for disposal.  Prior to the 1980s, spent monkey dust was 
disposed of in municipal trash or on the ground at the S/AL Site (Air Liquide, 
2008)  

The acetylene and hydrogen bottling processes use compressor oil which 
results in compressor oil blow by (AGI, 1995).  Compressor oil blow-by is 
lubricating oil that enters the compressor gas stream, which typically combines 
with water in the gas stream.   The compressor is a Norwalk piston-type 
compressor which utilized SAE 30 weight oil in 1995 (Waste Xpress, 1995).  Air 
Liquide did not provide analytical data for, or information on, the type of 
compressor oil utilized at the facility prior to 1996.  Compressor oils are 
potential sources of PCBs (ODEQ, 2003).  The blow-by is removed from the 
gas stream as a mixture of gas, oil, and water which is piped to an oil/water/gas 
separator.  The separator vents the gas to the atmosphere, the water to the 
acetylene manufacturing process, and the oil to a 1,500 gallon waste oil AST 
prior to off-site disposal on an annual basis (AGI, 1995).      

Surface staining was observed in the vicinity of the waste oil AST (AGI, 1995).   
A 200 gallon spill occurred at the waste oil tank in 1995.  Details of the 1995 
waste oil spill are discussed below.  As of 2008, Air Liquide had utilized 60 
gallons of new compressor oil and generated 3,190 gallons of waste 
compressor oil since 1969 (Air Liquide, 2008).  Records are not available 
documenting off-site disposal of waste compressor oil prior to 1995.  The 1995 
AGI report indicates that waste oil was removed from the 1,500 gallon AST 
annually, which suggests that the estimate of 3,190 gallons of waste oil 
generated between 1969 and 2008 is likely underestimated.  The discrepancy 
between the quantity of new oil purchased and waste oil generated suggests 
that the quantity of new oil is underestimated, or the facility received waste oil 
from other sources.   

Prior to 1995, storm water at the S/Al Site drained to catch basins which 
drained to a sump that was pumped into Doane Lake (AGI, 1995).  The facility 
was connected to the City of Portland's storm sewer in 2000 (Air Liquide, 2008) 
and discharges to Outfall 22B.  It is unclear where the S/Al Site storm water 
discharged between November 1998 and 2000 as East Doane Lake was 
backfilled in 1998 (AGC, 2001).  One catch basin at the site is connected to the 
Metro Disposal storm system that also drains to Outfall 22B (Air Liquide, 2007).   

Fill at the S/AL Site contains casting sands, metal slag, scrap metal, demo 
debris, dredge spoils, shredded battery casings, matte, and carbide sludge 
(Fugro, 1996b). Borings advanced by ENSR in the vicinity of the waste oil AST 
encountered a 4 to 9 foot thick layer of roofing material, roofing tar and asphalt 
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that was likely deposited prior to construction of the acetylene manufacturing 
facility (ENSR, 1997b).  Fill materials were placed in 1947 prior to construction 
of the current Air Liquide facility and in 1957 prior to expansion of the existing 
facility (ENSR, 1997a).  Roofing materials used as fill likely came from a “local 
roofing manufacturer” (ENSR, 1997a), presumably GS Roofing (i.e. 
Certainteed Corporation).  Waste asphalt roofing materials are a potential 
source of PCBs if used oil containing PCBs was included in the asphalt mix 
(ODEQ, 2003).  AGI indicated that fill at the Site likely contains shredded auto 
body fill, miscellaneous solvents, oils and greases, and shredded autos as well 
as Willamette River dredge spoils (AGI, 1995) 

Non-magnetic auto shredder wastes are known to have been deposited on the 
site by Schnitzer (ODEQ, 2010).  PCBs were detected in samples collected 
from the auto fluff material on the S/AL Site (ICF Kaiser, 1990). 

9.2.3 Distinguishing Compounds 

Distinguishing compounds from the manufacturing processes at the S/AL Site 
are listed below. Other detected compounds are discussed in the Site 
Investigations and Adequacy section. 

VOCs 

● Acetone: Used as a stabilizer in bottled acetylene.    

● TCE: Used for equipment cleaning. 

Dioxins and Furans 

Acetylene manufacture from calcium carbide is a potential source of 
dioxin/furan (PCDD/F) compounds (Jin et al, 2009, Costner, 2009).  “Calcium 
carbide is produced industrially in an electric arc furnace loaded with a mixture 
of lime and coke at about 2,000 degrees Celsius... This is the critical step for 
PCDD/F generation in acetylene production. Chlorides exist in the lime as 
impurities, and PCDD/F (is) synthesized during the residue’s cooling process.” 
(Jin et al, 2009).  This article provides an estimated PCDD/F emission factor for 
acetylene production (carbide method) of 127 ug TEQ per ton of acetylene (Jin 
et al., 2009).  As of 2008, the facility had produced approximately 412,000,000 
cubic feet of acetylene gas since 1969 (Air Liquide, 2008).  Assuming that the 
calcium carbide utilized at the facility is similar to the calcium carbide described 
in the Jin article, and a conversion factor of 0.073 lb/cubic foot (at standard 
temperature and pressure), the facility could have produced approximately 
1,900,000 ug TEQ of PCDD/F.   PCDD/F compounds were detected in East 
Doane Lake sediment samples (DLG through DLP) in the vicinity of the Air 
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Liquide lime waste disposal area as part of remedial investigation activities at 
the NL/Gould site (Environ, 1996).  If the calcium carbide utilized in the 
acetylene manufacturing process is manufactured under conditions similar to 
those of the Jin article, the calcium hydroxide (lime waste) from the acetylene 
manufacturing process is a source of dioxins/furans.   

PCBs 

●  Waste oil (compressor oil blow-by) (AGI, 1995): Generated from acetylene 
manufacturing process.  Compressor oil is a potential source of PCB 
compounds (ODEQ, 2003) 

● PCBs: Detected in samples collected from the auto fluff material on the 
Schnitzer/Air Liquide property.   

Metals and Other Inorganic Compounds 

● Mercury and Chromium were detected above EP toxicity limits in a “spent 
filter material” sample (SRH, 1989). 

● Metals: Arsenic, barium, cadmium, chromium, lead, mercury, selenium and 
silver are constituents contained in Shot Blast waste generated from 
cylinder maintenance and requalification activities. 

● Calcium hydroxide (lime) waste: Generated from acetylene manufacturing 
process  

9.2.4 Extent of Waste Generated and/or Disposed On-Site 

The locations and extent of lime waste and auto fluff disposed at the S/Al Site 
is provided in attached Figure 3.2-3 (Dames and Moore, 1987) . The figure 
shows that the waste auto fluff and lime wastes were disposed in the northern 
portion of the S/AL Site and in the vicinity of EDL.  Waste monkey dust may 
have been disposed of at the site prior to the mid 1980s (Air Liquide, 2008). 

The extent of auto fluff waste is shown on a figure in ICF Kaiser, 1990.  This 
figure shows the auto fluff waste pile as an approximately 144 x 90 ft triangular 
stockpile that is 10 feet high at the peak.  Based on the limited information 
presented on the ICF Kaiser figure, it is estimated that the volume of the stock 
pile is approximately 1,000-2,000 cubic yards.  The extent of “shredded auto 
body fill site” shown on the Dames and Moore Figure 3.2-3 (Dames and Moore, 
1987) is approximately 250 x 200 feet, suggesting that auto fluff waste was 
disposed in areas besides the stockpile identified in the ICF Kaiser report. 

Figure 3.2-2  shows the extent and progression of fill placement within the S/AL 
Site and Figure 3.2-3 shows the extent of “acetylene residue” fill (lime waste) 
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(Dames and Moore, 1987).  Based on the timing of lime waste 
disposal/discharges and the progression of fill in East Doane Lake, some of the 
lime waste disposal occurred in East Doane Lake at a time when it was still 
connected to West Doane Lake. 

Fill at the S/Al Site contains some or all of the following waste from non-RP 
sources: casting sands, metal slag, scrap metal, demo debris, dredge spoils, 
shredded battery casings, matte, carbide sludge, roofing material, roofing tar, 
asphalt, shredded auto body fill, miscellaneous solvents, oils and greases, or 
shredded autos as well as Willamette River dredge spoils (Fugro, 1996b; 
ENSR, 1997; AGI, 1995). 

Surface staining was observed in the vicinity of the waste compressor oil AST 
during the AGI site visit in 1994 (AGI, 1995).   A 200 gallon spill occurred at the 
waste oil tank in 1995.  Details of the 1995 waste oil spill are discussed under 
“Extent of Investigation”. 

9.3 Site Investigations and Adequacy  

9.3.1 Extent of Investigation and Testing 

Metals and Other Inorganic Compounds 

In 1987 and 1988, soil and groundwater at the S/AL Site were sampled as part 
of remedial investigation activities at the adjacent Gould Inc. Superfund Site.   
Low levels of dissolved lead (<0.02 ppm) and sulfates (<50 ppm) were 
detected in groundwater.  Arsenic, cadmium, chromium, zinc and lead were 
detected in surface soils (ODEQ, 1993, Dames and Moore, 1987).  VOCs, 
SVOCs, PCBs, and dioxins/furans were not analyzed as part of the 1987 
investigation activities. 

Other metals detected in environmental media at the site included arsenic (16 
mg/kg in soil; 740 ug/L dissolved in groundwater) (ODEQ, 2010) 

PCBs 

In 1990, ICF Kaiser collected samples from auto fluff disposed on the S/AL 
Site.  PCBs were detected in 10 of 10 samples collected (ICF Kaiser, 1990).  
Limited arochlor data was available in the ICF Kaiser report; however, Arochlor 
1254 was reported as detected in the majority of the samples. 

In March 1995, Air Liquide reported a spill of 200 gallons of waste compressor 
oil within the building, which migrated onto soils just outside the building.  Air 
Liquide’s cleanup of this soil left some oil in place beneath the building.  The 
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excavated soils from the vicinity of the waste compressor oil spill contained 
PCBs (Aroclor 1254) at levels above JSCS SLVs (310 ug/kg)  (ODEQ, 2010). 
The waste oil was not sampled for PCBs.    

Investigations also discovered a subsurface layer of contaminated soil 
unrelated to the oil spill, to a depth of “at least” 3 feet.  In 1997, ENSR 
investigated the “layer of fill material that reportedly contains PCBs and VOCs”.  
ENSR submitted three samples of roofing materials (asphalt, shingle, and tar 
materials) and 18 soil samples encountered during the investigation. PCBs 
were not detected above laboratory reporting limits of 1,000 ug/kg and 50 ug/kg 
for roofing and soil materials, respectively.  These data cannot exclude the 
roofing materials as a source of PCBs because of the high PCB detection 
limits.   

In 1995, ODEQ recommended that Air Liquide sample their waste compressor 
oil for PCBs (ODEQ, 1995).  This data is not available. 

VOCs 

In 1993, Air Liquide removed a 1,500-gallon acetone UST.  Acetone and MEK 
were detected in soil and groundwater in the tank vicinity (ODEQ, 2010).  Other 
constituents detected included acetone (180 ug/kg in soil; 8.1 ug/L in 
groundwater), methyl ethyl ketone (47 ug/kg in soil), chromium (390,000 ug/kg 
in soil, above JSCS SLVs), and lead (230,000 ug/kg in soil, above JSCS SLVs; 
50 ug/L dissolved in groundwater) (ODEQ, 2010). 

The  March 1995, 200 gallon waste compressor oil spill left some oil in place 
beneath the building. The excavated soils from the waste compressor oil spill 
contained the following VOCs: trichloroethane (7,400 ug/kg, above the JSCS 
SLV), tetrachloroethene (530 ug/kg, above the JSCS SLV), and 1,1-
dichloroethane (770 ug/kg) (DEQ, 2010).  

Additional investigation of subsurface soils in the vicinity of the 1995 waste oil 
spill detected waste roofing impacted soil containing: chloroethane (250 ug/kg), 
carbon disulfide (49 ug/kg),  acetone (140 ug/kg),  1,1-dichloroethane (390 
ug/kg), 1,1,1-trichloroethane (99 ug/kg), benzene (7 ug/kg), toluene (2.5 ug/kg) 
m,p xylene (12 ug/kg), 1,2,4-trimethylbenzene (6.5 ug/kg), p-isopropyltoluene 
(52 ug/kg), 1,2,3-trimethylbenzene (9.3 ug/kg), naphthalene (12 ug/kg), 
methylene chloride (230 ug/kg), tetrachloroethene (5.1 ug/kg), 1,3-
dichlorobenzene (4.90 ug/kg), 1,1- dichloroethene (2.8 ug/kg), 
isopropylbenzene (14 ug/kg), and TPH (18,000 mg/kg) (ENSR, 1987).   

The following VOCs were detected in waste material (asphalt, shingle, and tar 
materials) samples: 1,1-dichloroethane (160 ug/kg), 1,1,1-trichloroethane 
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(5,000 ug/kg), benzene (16 ug/kg), toluene (20 ug/kg) m,p xylene (28 ug/kg), p-
isopropyltoluene (22 ug/kg), methylene chloride (360 ug/kg). 

 Facility Storm water 

Quarterly storm water monitoring data/reports from the period 1995 to 2006 
detected cadmium, copper, lead, zinc, and oil and grease.  Oil and grease was 
detected at 43.2 mg/l and 17.7 mg/l in storm water samples collected 
December 10, 2002 and March 12, 2003, respectively (Air Liquide, 2008 
(USEPA SF 1303234 USEPA SF 1303235)).  

PCBs (Aroclor 1254) were detected in storm water sediment samples from one 
catch basin (CB-4) at a concentration of 57 ug/kg (CH2MHill, 2009),.  The 
catch basin located near the waste compressor oil tank and PCB soil 
detections (CB-2) was not sampled as part of the 2009 CH2MHill storm water 
sediment investigation.  Liquid from the 1995 waste oil spill was contained in a 
“sump/catch basin” (Waste Xpress, 1995). Several City of Portland storm water 
inspections have noted that the waste compressor oil tank does not have 
secondary containment and could potentially overflow into catch basin CB-2 
(e.g. the December 17, 2009 letter from City of Portland re: Storm water Facility 
Inspection- Air Liquide). 

East Doane Lake Sediments 

Sediment results from the East Doane Lake Remnant (EDLR) on the S/AL Site 
(samples DLJ through DLP) are in the Amended Remedy Document for the 
Gould Site (Environ, 1996).  Post 1997 ROD sediment sampling results for 
samples collected from the ELDR on or in the vicinity of the S/ALSite are 
summarized in: 

● Data Summary Report, East Doane Lake Sediment Investigation; prepared 
by Ecology and Environment, Inc; April 24, 1998. 

● RPAC Comments on DEQ’s Remedial Action Decision Memorandum, East 
Doane Lake Sediments; prepared by Woodward-Clyde; June 8, 1998 

● East Doane Lake Sediment Samples Collected March and May 1998, 
Preliminary Organic and Inorganic Results; prepared by ENVIRON; August 
8, 1998. 

Significant detected compounds include but are not limited to:  ammonia, 
metals (arsenic, cadmium, chromium, mercury, lead, and zinc), VOCs (toluene, 
ethylbenzene, xylenes), TPH, PCBs (Arochlor 1242 and 1254) and 
dioxins/furans. 
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Other Investigations  

A letter from SRH Associates to Air Liquide Corporation dated January 25, 
1989 discusses samples collected from three empty TCE drums labelled “5”, 
“7”, and “10” that contained rainwater, and a fourth drum labelled “9” which was 
not “empty” (Air Liquide, 2008 (USEPA SF 1303083). Air Liquide maintains that 
the facility has typically stored small quantities (“about 5 gallons”) of TCE on 
site and that the TCE has been stored in “interior areas”.  The 1989 SRH letter 
suggests that multiple drums of TCE were used at the S/AL Site (at least 4 and 
potentially 10), and that the empty TCE drums were stored in an area that 
allowed rainwater to accumulate in them. 

9.3.2 Interim Actions/Remediation 

In 1993, Air Liquide removed a 1,500-gallon acetone UST.  The 1,500-gallon 
acetone tank did not have cathodic protection or a leak detection system in 
place (ODEQ, 1993).  Analysis of samples from the tank excavation detected 
the following: acetone, TPH, EP Toxicity Lead , and methylene chloride . 
Subsequent investigations showed detections of acetone, 2-butanone (methyl 
ethyl ketone), toluene and xylene (Kennedy/Jenks, 1994). 

A spill occurred at the waste oil tank in 1995.  304 gallons of an oil/water 
mixture and 49,000 pounds (24.5 tons) of impacted soil were removed and 
disposed off site.  Liquid from the waste oil spill was contained in a “sump/catch 
basin” (Waste Xpress, 1995).    The 1995 Waste Xpress report does not 
indicate the size of the sump/catch basin, if it was connected to the site storm 
water system, or if the spill was discharged through the site storm water 
system.  At least one catch basin (catch basin #2) is located in the vicinity of 
the waste compressor oil spill (Air Liquide, 2007).   

9.3.3 Data gaps 

Acetylene manufacture from calcium carbide is a potential source of 
dioxin/furan (PCDD/F) compounds (Jin et at., 2009, Costner, 2009).  PCDD/F 
data is limited or not available for the current lime waste stream and the lime 
waste materials disposed at the site or for site soils. VOC and PCB data is also 
limited or not available for the current lime waste stream and the lime waste 
materials disposed at the S/AL Site.  PCDD/F data is limited or not available for 
groundwater at the site although PCDD/F compounds have been detected in 
downgradient well W-16S located on the Schnitzer/Air Liquide property 
adjacent to and downgradient from the former lime waste disposal areas. 

PCBs were detected in the soils in the vicinity of the waste compressor oil spill.  
Compressor oil is a potential source of PCB compounds (ODEQ, 2003).  PCBs 
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were added to lubricants for air compressors (Kuchta and Cato, 1968) due to 
ignition and flammability concerns (Kuchta and Cato, 1968 and Zabetakis, 
1964).  ODEQ recommended that Air Liquide sample the waste oil for PCBs 
(ODEQ, 1995), however PCB data is not available for the current or historical 
waste compressor oil.   

The catch basin located near the waste compressor oil tank was not sampled 
as part of the 2009 CH2MHill storm water sediment investigation.  Catch basin 
solids were not sampled for mercury or dioxins/furans. 

High TPH levels were detected in subsurface fill and roofing materials (up to 
18,000 ppm (mg/kg) (ENSR, 1997). SVOC or PAH data is limited or not 
available for soils and groundwater at the S/AL Site. 

Investigations at the site are limited to East Doane Lake sediments (as part of 
Gould Site remedial activities), the area around the waste oil spill and leaking 
1,500 gallon acetone UST.  Investigation data is incomplete or not available for 
other areas of the site; including the former lime waste recirculation pond, 
former lime waste disposal areas, and former auto fluff disposal area.  

The ODEQ site summary for the property (ODEQ, 2007) indicates that impacts 
from the waste oil spill exist under the Air Liquide building.  The conditions 
under the Air Liquide building have not been adequately investigated.   

Arsenic, barium, cadmium, chromium, lead, mercury, selenium and silver are 
constituents contained in Shot Blast waste.  Chromium and mercury have been 
detected in monkey dust wastes (SRH, 1989).  Analytical data for these metals 
in site soils and groundwater is limited or not available. 

9.4 COIs 

9.4.1 Identified COIs 

Metals: Arsenic, barium, cadmium, chromium, lead, mercury, selenium and 
silver 

Organics: PCBs, dioxins/furans, VOCs (TCE, 1,1,1-TCA, 1,1-DCA, acetone, 
MEK, PCE,), TPH (likely PAHs) 

A list of Schnitzer/Air Liquide Site COIs is provided in Table 3-X. 
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9.4.2 COIs that overlap with RP COIs 

Arsenic, chromium, lead, mercury, 1,1,1-TCA, 1,1-DCA, acetone, MEK, TCE, 
and dioxins/furans  

9.4.3 COIs not tested for that likely overlap with RP COIs 

Dioxins/furans, and SVOCs/PAHs. 

10.0 Siltronic 

10.1 Site Background 

The Siltronic Site is located at 7200 NW Front Ave, Portland, Oregon.  The Site 
is approximately 80 acres in size and is located north and northwest of the 
Burlington Northern Santa Fe Railroad Bridge.  Siltronic Corporation (Siltronic) 
has operated a silicon wafer manufacturing and preparation facility at the Site 
since 1980.  Siltronic, formerly Wacker Siltronic Corporation, acquired the Site 
in 1978 from the City of Portland as part of an urban renewal program.  Owners 
of the Site prior to Siltronic included H.A. Andersen & Associates (Schnitzer 
Steel Products Co.), Pacific Gas & Coke (PGC), Northwest Natural Gas 
Company (Gasco), and the City of Portland.  A comprehensive list of owners 
and operators is provided in Siltronic’s 104(e) response (Siltronic 2008, Page 
16).   

PGC used the northern portion of the Site for manufactured gas plant (MGP) 
operations from approximately 1940 to 1956, and MGP waste was disposed 
throughout the Site during this period.  Waste disposal lagoons were also 
present on the Site during MGP operations.  After MGP operations ended in 
1956 and prior to Siltronic’s ownership, MGP waste was extensively spread 
across the Site, and covered with fill materials, including Willamette River 
dredge spoils.  Siltronic’s operations at the Site resulted in trichloroethylene 
(TCE) releases associated with Siltronic’s manufacturing activities.  TCE and 
associated degradation products, including cis-1,2-DCE, trans-1,2-DCE, 1,1-
DCE, and vinyl chloride remain present in soil and groundwater. 

A 100 foot wide utility easement crosses the Siltronic Site in a southeast to 
northwest direction and is shared by the City of Portland, NW Natural, and 
Olympic Pipeline.  A gas line, a water main, a sanitary sewer line, a fire main, 
and two oil pipelines (owned by Olympic Pipeline) are present within the 
easement.  Releases from one of the oil pipelines have been documented in 
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the NW Natural EPA 104(e) responses (2008, Page 118-119), and the NW 
Natural Remedial Investigation (RI) Report (HAI, 2007, Page 22). 

Siltronic has completed a draft RI for the Site (MFA, 2007) that focused on 
investigation of contaminant releases that occurred following Siltronic’s 
purchase and development of the Site.  These investigations focused on 
releases of TCE, with limited discussion in the draft RI regarding MGP waste 
and other identified or potential contaminants unrelated to the TCE releases.  
Investigations of MGP waste on the Site and Outfall 22C (located adjacent to 
the southern boundary of the property) have been conducted by NW Natural 
(HAI, 2007). 

10.1.1 Location to RP and River 

The Siltronic Site is north of the RP property and the BNSF railroad 
embankment, and southeast of the NWN/GASCO Site.  The Siltronic Site is 
bounded by the Willamette River on the northeast and by N.W. St. Helens 
Road on the southwest.  The Site has approximately 2,000 feet of shoreline 
along the River.  Kopper’s Inc. leases a portion of the Northwest Natural 
property adjacent west of the Siltronic Site.  Kopper’s waste effluent was 
historically discharged to a channelized ditch that crossed the northern portion 
of the Siltronic Site to the River.  The channelized ditch was constructed in 
1951 and used until approximately 1965 (Siltronic, 2008, Page 20-21).       

10.2 Site Activities 

10.2.1 Activities, Processes and Chemicals Used 

Siltronic developed the Site as part of an urban renewal plan that facilitated the 
sale of the Site to Siltronic by the City of Portland.  Following the sale of the 
Site to Siltronic (then known as Wacker Siltronic), construction began in 1978, 
and production of silicon crystals for wafer manufacturing commenced in 1980.  
Siltronic currently manufactures and prepares silicon wafers in two fabrication 
buildings (MFA, 2007, Page 1-1). 

Prior to purchase, portions of the Site were used primarily as a waste discharge 
and impoundment area by PG&C (GASCO) from the 1940s through the early 
1960s.  Subsequent property owners conducted filling operations, using 
Willamette River dredge spoils that brought the Site to its current grade by 
1973 (MFA, 2007, Page 1-1).  

DEQ issued Siltronic an order requiring a remedial investigation (RI) and 
source control measures (DEQ, 2004).  In April 2007Siltronic submitted to DEQ 
a draft RI focused on releases of TCE  (MFA, 2007).  The draft RI discusses 
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Siltronic’s activities, processes, and chemicals used that are directly related to 
silicon wafer manufacturing, with limited discussion of other contaminant 
sources, including MGP wastes.  

Based on review of available documents, a final RI has not been submitted and 
DEQ has not prepared formal comments on the draft RI (DEQ, 2010).  

Siltronic manufactures silicon wafers from silicon crystal ingots.  Silicon wafer 
manufacture involves ingot slicing, lapping, etching, polishing, epitaxy and 
cleaning operations.  Chemicals currently used in the manufacturing process 
include inorganic acids and caustic solutions for polishing and cleaning, 
hydrogen chloride, and hydrogen and nitrogen gases for epitaxy (MFA, 2007, 
Page 2-7). Wafer manufacturing operations at Siltronic have included the use 
of freon, TCE, chromic acid, nitric and hydrofluoric acids, and ammonium 
hydroxide (Siltronic, 2008, Page 32).   

TCE was previously used at the facility in the manufacturing process.   “Use 
and Management of TCE-Wacker Siltronic Corporation Facility” (The TCE 
Report, MFA, 2002) discusses TCE use and management at the Siltronic Site.  
TCE was an ingredient in wax formulation, a solvent in wax mounting and 
wafer-polishing activities, and a dewatering agent following wafer-cleaning 
steps in the etching/lapping processes. 

During the first several years of operation, from 1980 to 1983, TCE was stored 
in an underground storage tanks (UST) system consisting of three tanks.  
Leakage occurred during this time, and the USTs were ultimately 
decommissioned in place and then removed in 1985.  The UST system is a 
source of the dissolved-phase plumes of TCE and its degradation products 
(MFA, 2007).  TCE was managed using an aboveground storage tank system 
from 1983 through 1989, at which time TCE use was discontinued.  Two 
releases of TCE occurred from the TCE stripper system in 1984 (TCE Report, 
MFA, 2002).  

10.2.2 Waste 

The silicon wafer manufacturing process generates wastewater streams 
containing acids, bases, surfactants, suspended silicon solids, and organic 
components from polishing and cleaning solutions.  Each waste stream is 
segregated at it’s source, treated as needed, and ultimately routed to the 
sanitary sewer or the storm sewer, depending on the nature of the waste 
stream.  Siltronic discharges stormwater pursuant to a General Permit (1200Z) 
from DEQ.  Siltronic has discharged process water pursuant to an NPDES 
permit #93450 since 1978 (Siltronic, 2008, Page 61).  Chromic acid wastewater 
is isolated from all other systems, and is treated and shipped offsite as 
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hazardous waste (Siltronic, 2008, Page 22).  The following table from Siltronic’s 
104(e) response (2008, Page 22) summarizes Siltronic’s wastewater streams 
and discharge points. 

 

The major chemicals and COIs associated with Siltronic’s operations and 
waste streams include (Siltronic, 2008, Page 32-33): 

● Freon was stored in a stainless steel tank and used in wafer cleaning 
processes as a dewatering agent.  A freon dryer used to remove contained 
water was located inside the building and consisted of a recirculation tank, 
50 gallon per day still, and a molecular sieve to remove residual water after 
distillation.  Freon use was discontinued by 1993, except for use in a closed 
loop chiller system.  Freon tanks were removed after elimination of all uses.  

● TCE was used from 1980 until 1989, with use of TCE reportedly decreasing 
in 1985-86 when a water based wax formulation was implemented.  Rinse 
water containing TCE was collected in an underground tank, and treated in 
a large distillation column.  

● Chromic acid was used for delineation of silicon crystal defects.  Waste 
chromic acid and rinse water containing chromic acid were collected in a 
double wall piping system and sent to an isolated above ground tank 
system with secondary containment.  From 1980 to 1985 chromic acid 
solutions were shipped offsite by tanker truck for treatment and stabilization 
as a hazardous waste.  In 1985, the chromic acid collection tank was 
replaced by a chromic acid treatment system.  The treatment system was 
replaced by an automatic tote fill station in 1999 because waste reduction 
made it no longer economical to treat onsite. The decommissioned chromic 
acid building remains onsite.   
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● Nitric acid and hydrofluoric acid are used in wafer etching operations.  Nitric 
acid and hydrofluoric acid wastewaters are treated onsite in a wastewater 
treatment system, consisting of fluoride precipitation with calcium 
hydroxide, settling, dewatering, and neutralization of nitric acid.  Residual 
sludge is generated during the treatment process and currently disposed 
offsite as solid waste under a Special Waste Permit. 

● Ammonium hydroxide and unspecified surfactants were used in an 
aqueous based system for wafer cleaning from 1980 to the early 1990s, 
when ammonium hydroxide was replaced by tetra-methyl ammonium 
hydroxide (TMAH).  The wastewater is collected in a separate drain system 
and neutralized. 

10.2.3 Distinguishing Compounds 

Materials currently used in the Siltronic manufacturing processes include 
inorganic acids and caustic solutions, including chromic acid and gases for 
epitaxy (hydrogen chloride, hydrogen, and nitrogen).  Several thousand pounds 
of waste oil are also produced each year in the manufacturing process. 

Previous chemical use at the Site included TCE.  TCE degredation products 
including cis-1,2-DCE, trans-1,2-DCE, 1,1-DCE, and vinyl chloride are also 
distinguishing compounds for the Site.    DEQ issued an Order specifically 
related to the investigation of these compounds on February 9, 2004 (DEQ, 
2004).   

Other chemical use associated with Siltronic’s includes historical and current 
Site activities include a range of herbicides and pesticides.  At least one 
herbicide reported to be used on the Site included a form of 2,4-D. 

PCBs were also identified in transformers at the Site in the 1980s.  PCBs have 
been detected in soils from unknown locations on Site. 

Previous MGP waste disposal and fill activities at the Siltronic Site resulted in 
the distribution of a number of other distinguishing compounds.  Constituents 
associated with waste management and disposal at and near the Siltronic Site 
attributable to activities at the Gasco and Koppers’ sites include aliphatic 
hydrocarbons, light aromatic hydrocarbons such as benzene, toluene, 
ethylbenzene and xylene (BTEX), and polycyclic aromatic hydrocarbons (PAH) 
such as naphthalene, phenanthrene, acenaphthene, acenaphthylene, 
anthracene, benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, 
benzo(g,h,i,)perylene, benzo(k)fluoranthene, chrysene, 
dibenzo(a,h)anthracene, fluoranthene, indeno(1,2,3-cd)pyrene, pyrene, 
carbazole, dibenzofuran,1-methylnaphthalene, and 2-methylnaphthalene.  
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Phenols, including 2,4-dimethylphenol, 3,4-dimethylphenol 2-methylphenol, 4-
methylphenol and phenol.  Oily emulsions produced as waste from the Gasco 
process would also include petroleum-derived aliphatic hydrocarbons.  
Petroleum oils contain literally thousands of individual hydrocarbons  (HAI 
2007, Page 26-27, 115, Table 3). 

10.2.4 Extent of Waste Generated and/or Disposed On-Site 

The Siltronic silicon wafer manufacturing process generates wastewater 
streams containing acids, bases, surfactants, suspended silicon solids, and 
organic components from polishing or cleaning solutions.  Each waste stream 
is segregated within the process building and flows by gravity to separate 
sumps or the sanitary sewer system.  The chromic acid drain is isolated from 
all other systems.  Wastewater containing spent chromic acid used in wafer 
testing is treated (Siltronic, 2008, Page 22). 

From 1981 to 1988, Siltronic shipped waste containing TCE and freon to Van 
Waters & Rogers located at 3950 NW Yeon Avenue in Portland, Oregon.  In 
1987, Siltronic shipped four PCB capacitors to General Electric Company 
located at 2535 NW 28th Avenue in Portland, Oregon (Siltronic, 2007, Page 
62). 

There is limited information available regarding other sources of PCBs at the 
Siltronic Site.  Approximately 30 pounds of “PCB contaminated capacitors” 
were disposed in 1987, but analytical data and disposal information are not 
available (Siltronic, 2008, Page 92).  PCBs were detected in transformer oil 
from three transformers (T-1, T-6, and T-9) in 1989 (2, 7, and 3 ppm, 
respectively).  A transformer containing 19 ppm PCB was removed from the 
Site in 1995 (PGE, 2007). There also were x-ray transformers and capacitors at 
the Site that were potential PCB sources (Siltronic, 2008, Page 91). 

Siltronic provided information on herbicide and pesticide use in its response to 
the EPA CERCLA Section 104(e) information request.  Siltronic does not 
present information on pesticide use prior to its acquisition of the Site in August 
1978.  Information on contracted use of pesticides is limited.  From 2007 until 
the time of the 104(e) response, Siltronic contracted with Terminix Commercial 
for control of insects including: box elder bugs and nuisance beetles and bees, 
with a reported use of Ant Bait (compostion unknown), Demand (lambda-
cyhalothrin), Wasp Freeze (phenothrin and bioallethrin), Generation Rodent 
Bait (likely bromodiolone) (Siltronic, 2007, Page 54-55). 

Other pesticides used at the Siltronic Site include an unspecified amount of 
Demand CS (lambda-cyhalothrin), and Trugreen (iron chelate).  Siltronic 
currently uses Goose Chase (methyl anthranilate) and previously used Flight 



 
 

   
 11/16/10 Page 151 

 

Control Plus (9,10-anthraquinone).  Raid Wasp Killer (likely tetramethrin and 
permethrin) is also used as needed.  Bitter Apple (unknown com position), a 
deer repellent, was used one time in 1999 (Siltronic 2007,Page 54-55). 

Limited information is available on use of herbicides at the Site.  From 2005 
until the 104(e) response was filed Siltronic contracted with Dennis’ Seven 
Dees Landscaping, which used Round Up and Speed Zone (Siltronic, 2007, 
Page 55).  A listing of other herbicides used by contractors prior to 2005 is not 
available. 

Siltronic also directly used herbicides from 2005 to 2007, including 180 poundsl 
of Round Up Pro (isopropylamine salt of glyphosate), 500 pounds of Snapshot 
2.5 G (isoxaben and trifluralin), 88 pounds of Casoron (2,6-dichlorbenzonitrile), 
and 24 pounds of Crossbow.  Crossbow contains the trisopropanolamine salt of 
2,4-D.  2,4-D is a COI for the RP property.  Detailed records on herbicide and 
pesticide use are unavailable prior to 2005 (Siltronic, 2008, Pages 55 to 56). 

Discharges to the Willamette River include treated industrial effluent and 
stormwater runoff during the period of Siltronic operation from 1978 to the 
present.   

Siltronic also reported recycling more than 4,000 lbs of oil per year as non-
hazardous waste based on 2007 use (Siltronic, 2008, Page 70).   

The Siltronic draft RI describes the nature and extent of TCE-related impacts 
(MFA, 2007, Page4-1 to 4-21).  TCE and wastewater releases from the TCE 
system occurred to the subsurface between 1980 and 1984 (MFA, 2007, Page 
2-7).  The releases included leakage of underground tanks from 1980 to 
1983(decommissioned in 1983), and two documented releases of TCE from 
the stripper system in 1984 (MFA 2007, Page 2-7).  The two releases are 
described in ‘Use and Management of Trichloroethene and Data Summary 
Report’, Wacker Siltronic Corporation Site (MFA, 2002, Page 3-5). 

On December 3, 1984, approximately 700 gallons of TCE-containing 
wastewater (1,300 ppm TCE solution) were released.  The spill is estimated to 
have released 0.33 gallons of pure TCE. The release was the result of surge 
tank overflow due to operator error (MFA, 2002, Page 3-5). 

On December 31, 1984, approximately 900 gallons of TCE-containing 
wastewater was spilled (19,000 ppm TCE solution).  The spill is estimated to 
have released 11.6 gallons of pure TCE.  This release was reportedly also the 
result of the surge tank overflowing due to accidental shut-off of the tank's 
pump (MFA, 2002, Page 3-5). 
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The draft RI discusses the subsurface distribution of TCE in soil and 
groundwater at the Site.  The lateral and vertical extent of TCE in the 
subsurface is less than that of cis-1,2-DCE (TCE’s primary degradation 
product), which is less than that of vinyl chloride, as a result of the 
biodegradation of TCE (MFA, 2007, Page 4-1 to 4-2). 

Upland soil concentrations of TCE are summarized in Table 4-1 and Figure 4-2 
of the RI and reviewed on pages 4-3 and 4-4 of the draft RI (MFA, 2007).  TCE 
and its degradation products are found in the former UST area and west toward 
boring WS-15.  The vertical extent of TCE and its degradation products in this 
area was found to extend from approximately 20 to 85 feet below ground 
surface.  The maximum TCE soil concentration noted in the RI was 557,000 
µg/kg (at 20 feet bgs). 

Groundwater concentrations of TCE are reviewed in Section 6 of the draft RI 
and are summarized on pages 4-4 through 4-9 of the draft RI (MFA, 2007).  
The TCE plume extends north from the source area to the river bank.  The 
width and thickness of the plume increase slightly with distance from the 
source.  The TCE plume increases in depth below ground surface as it extends 
north from the source area.  The lateral extent of the upland plume covers 
approximately 3 acres, much of which appears to be under the Fab 1 building, 
in the northeast corner of the property, adjacent to the Willamette River (MFA, 
2007, Page 4-9).  The Fab 1 building location is shown in Figure 2-2 (MFA, 
2007) and Figure 2 (HAI, 2005).  

The continued presence of high TCE concentrations in groundwater (>100,000 
µg/L in the former UST area) and associated degradation products: cis-1,2- 
DCE; trans-1,2-DCE; 1,1-DCE; and vinyl chloride are noted in the draft RI 
summary (MFA, 2007, Chapter 6 and Figure 6-1).  An evaluation of the 
potential for dense non-aqueous phase liquid (DNAPL) TCE is also presented 
in the draft RI (MFA; 2007, Page 4-9).  Although DNAPL TCE has not been 
found in Site sampling, the concentrations of TCE in groundwater strongly 
suggest that DNAPL is present in the subsurface.   For example, 
concentrations of TCE in groundwater are as high as 54 percent of the pure-
water solubility limit of TCE.   

The northern portion of the Site was also the area where other releases 
associated with Siltronic operations (1980-1997) are reported to have occurred.  
These releases or spills included chromium solution, acids, caustics, and 
organic wastewater (HAI, 2005, Page 3).  Additional details on these releases 
are provided in the ‘Updated Phase I Site Characterization Report’ (HAI, 2005). 
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On December 16, 1980, chromic acid was found within the Siltronic wastewater 
treatment plant concentrated acid system.  An estimated 5.5 pounds of 
chromium was recovered and taken to the Arlington hazardous waste landfill 
for disposal.  An estimated 1.3 pounds of chromium was discharged to the 
Willamette River through the combined effluent outfall near the northern corner 
of the Site during this spill (HAI, 2005, Page 28). 

An estimated 6,000 gallons of chromic and nitric acid etch solution and rinse 
water were spilled at the Fab 1 Building in 1981.  Some of the spilled material 
reportedly collected within a sump, while the remainder collected within the 
overfilled above-ground storage tank’s secondary containment (HAI, 2005, 
Page 30).   

An estimated 2,000 gallons of detergents and surfactants from the organic 
wastewater system reportedly overflowed onto a gravel yard and roadway on 
the Siltronic Site in June 1987.  The overflow reportedly entered a stormwater 
catch basin, with subsequent discharge to the Willamette River from the 
combined effluent outfall located near the northern corner of the Site (HAI, 
2005, Page 30). 

On January 11, 1988, pentachlorophenol (PCP) was identified within one of 
Siltronic’s wastewater effluent samples.  Follow-up sampling conducted on 
January 27, 1988 indicated the presence of PCP in a combined effluent 
sample.  The source for the PCP identified within the wastewater effluent was 
not ascertained (HAI, 2005, Page 30). 

An estimated 4,000 gallons of acid (spent, deionized rinse water) was 
reportedly released to the ground at the wastewater treatment plant on 
September 11, 1991.  Approximately 1,000 gallons of acid were recovered 
(HAI, 2005, Page 30). 

On April 28, 1997, caustic rinse water from an ion-exchange regeneration unit 
containing an estimated 50 pounds of caustic (pH ranging from 7.4 to 11.3) 
was accidentally sprayed onto bare ground west of the Fab 1 building.  The 
released caustic solution was neutralized, then recovered with a vacuum truck.  
Follow-up soil samples collected from the spill area indicated the presence of 
soils with a pH of up to 11.6, greater than the control sample pH of 7.6.  The 
upper 6 inches of soil were reportedly scraped off (HAI, 2005, Page 31). 

There were several releases predating Siltronic’s ownership of the Site 
(Siltronic, 2008), some of which were also discussed in the Siltronic draft RI 
(MFA, 2007).  The historical releases include: 
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● Gasco/NW Natural-Releases of MGP wastes, spent oxides, oil and tar 
residue (containing both non-carcinogenic and carcinogenic PAHs), 
cyanide containing materials, and BTEX compounds from the operation of 
settling ponds and direct disposal of MGP waste on the Site (MFA, 2007, 
Page 2-3 to 2-5, 5-1 to 5-4).  During MGP operation on the Gasco site, 
waste management activities extended onto the current Siltronic Site areas 
(HAI, 2005, Page 1-2): 

○ Former 400-foot Wide Lowland Area:  located immediately south of the 
Siltronic/Gasco property line, formerly used as a waste disposal lagoon.  
The approximate 10-acre area received tar and tar/oil/water 
emulsifications from effluent pond overflow and from direct placement of 
MGP residuals between 1941 and 1956.  COIs related to this area 
include PAHs, semi-volatile organic compounds (SVOCs), and 
monoaromatic hydrocarbons (e.g., benzene) (HAI, 2005, Page 1). 

○ Former Depression or Excavation:  south of the lowland area discussed 
above, approximately 2 to 3 feet of tar was identified in 1960.  
Approximately 2,000 cubic yards of tarry materials may have been 
present.  COIs in this area include, PAHs, SVOCs, and monoaromatic 
hydrocarbons (HAI, 2005, Page 2). 

○ Former Spent Oxide/Gas Purifier Waste Storage Pile:  An estimated 
34,000 cubic yard stockpile of spent oxide/gas purification wastes were 
stored immediately south of the common Siltronic/Gasco property line 
near the western corner of the Siltronic Site.  Aerial photographs 
indicate the stockpile was present at this location between 1952 and 
1966.  The final disposition of this material is unknown. COIs related to 
these materials include cyanide and metals (arsenic, chromium, copper, 
lead, nickel, zinc) (HAI, 2005, Page 2). 

● Western Transportation Co.-Fuel oil releases associated with tugboat 
operations.  These would have occurred during the 1930’s.  Release 
evidence is noted in the Siltronic 104(e) response to be based on an aerial 
photo review.  Possible surface staining was noted on a 1970 aerial 
photograph, and petroleum impacts to soil have been identified in this area.  
COIs related to this include PAHs and monoaromatic hydrocarbons (HAI, 
2005, Page 2). 

● Schnitzer-Fill and Site development activities (including waste material from 
GASCO) were mentioned by Siltronic in its 104(e) response.  Additionally, a 
letter from Schnitzer Steel Products Co. to the Port of Portland requests 
3,000,000 yards of fill material (River dredge spoils) for their property (the 
current Siltronic Site) located between the Gasco Site and the Railroad 
Bridge (Schnitzer Steel Products Co., 1965).  No direct reference or 
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additional detail was found regarding this assertion in the draft RI (MFA, 
2007). 

● Koppers-Koppers leases a portion of the Gasco/NW Natural site adjacent 
and west of the Siltronic Site.  Wastes from roofing pitch and electrobinding 
operations consisting of phenols, oil and grease were disposed on the east 
side of the Koppers/Beazer site adjacent to the Siltronic Site (see 
Kopper/Beazer summary).  

● U.S. Army Corps of Engineers-Placement of approximately 695,522 cubic 
yards of dredge spoils onto the Siltronic Site from the Willamette River by 
the Corps of Engineers (Siltronic, 2008, Page 19). 

● Olympic Pipeline-A release from an Olympic Pipeline was found in the 
southwest corner of the Site in 1979 (NW Natural, 2008).  Olympic Pipeline 
repaired the pipe and recovered free product.  No sampling data for this 
removal action was available.  BTEX compounds have been identified in 
this area during geotechnical sampling conducted by Siltronic (Siltronic, 
2008, Page 29).  COIs related to this area include PAHs and monoaromatic 
hydrocarbons (HAI, 2005, Page 2). 

10.3 Site Investigations and Adequacy 

10.3.1 Extent of Investigation 

Soil borings, monitoring wells and historical features of the Site are presented 
in Figure 2 of the Updated Phase I Site Characterization Summary Report 
(HAI, 2005).  This figure shows several key historical features that predate 
Siltronic’s development of the Site, including the Spent Oxide Storage area, the 
effluent pond overflow area, the approximate area of the Olympic Pipeline leak, 
Outfall 22C, and several areas of fill placement.  Monitoring wells and soil 
borings are also shown.  As illustrated by the figure, most of the investigations 
have occurred on the northern portion of theSite in the area of MGP wastes 
and later Siltronic Site development. 

Several early investigations with a geotechnical focus conducted at the Site 
identified organic contaminants.  In 1977, CH2MHill completed a geotechnical 
investigation prior to construction of the Siltronic facility that identified ‘bitumen’, 
later considered characteristic of MGP waste (MFA, 2007, Page 2-10).  
Subsequent geotechnical investigations in 1978 and 1982 also identified ‘oily’ 
wastes, later determined to be associated with MGP waste (MFA, 2007, Page 
2-10). 

During 1984 and 1985, CH2M Hill installed seven groundwater monitoring wells 
in the northwest portion of the Site to investigate soils for construction of the 
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proposed polysilicon plant.  Soil samples collected from the borings contained 
significant concentrations of PAHs, tetrachoroethylene, 2,4-D, 2,4,5-T, and 
chlorinated phenolics.  The boring logs identified oil-saturated soil in six of the 
seven borings.  Groundwater samples collected from the wells contained 
elevated concentrations of PAHs (i.e., characteristic of MGP waste (MFA, 
2007, Page 2-10). 

In 1989, a geotechnical sampling program found higher levels of BTEX 
compounds, with the highest concentrations near the Olympic Pipeline, which 
runs from southeast to northwest through the western portion of the Site.  The 
report suggested that releases were associated with the Olympic Pipeline 
(CH2M Hill, 1990). 

In 1997, a report prepared by Roy F. Weston (Weston, 1997) identified impacts 
characteristic of MGP waste in Willamette River sediments adjacent to Siltronic 
Site. 

In 2000, DEQ issued Siltronic and NWN/Gasco a joint order requiring an 
investigation to determine the nature and extent of releases of hazardous 
substances to Willamette River sediments, and to develop and implement 
source control measures, if necessary (HAI, 2005, Page 10).  From 2001 to 
2003, HAI performed a groundwater investigation on the Siltronic Site with 
eleven direct push borings, and the installation of three monitoring wells.  Soil 
and groundwater sampling identified MGP impacts in the western portion of the 
property.  HAI suggested that petroleum hydrocarbons (containing PAHs) 
impacts further east were from tugboat operations. 

During the 2000 investigation, TCE and its degradation products were found in 
deep groundwater at one location (MFA, 2007, Page 2-11, HAI, 2003).  A 
second order to investigate TCE was issued in 2004 by DEQ, and follow on 
investigations included: 

● 2004 Upland Investigation, summarized in the draft RI (MFA, 2007, Page 2-
14 and 2-15) and discussed in Results of the Upland Direct-Push 
Investigation (MFA, 2004a) 

● 2004 In River Investigation, summarized in the draft RI (MFA, 2007, Page 
2-15) and discussed in Results of the In-River Investigation Report (MFA, 
2004b) 

● 2005 Supplemental Investigation summarized in the draft RI (MFA, 2007, 
Page 2-15) and discussed in the Supplemental Investigation Report (MFA, 
2005). 
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Outfall 22C was investigated by HAI for NW Natural as part of its Focused RI 
activities on Siltronic property under the 2000 joint DEQ order (HAI, 2006).  
Sediment and surface water sampling was conducted, along with flow 
measurements.  HAI concluded that the culvert in place at Outfall 22C is a 
conduit for local shallow groundwater at the southern end of the Siltronic Site 
(HAI, 2006, Page 21).  Elevated PAHs (acenaphthylene, fluoranthene, fluorine, 
and naphthalene were identified in water discharging from Outfall 22C.  
Elevated cyanide was also detected.  Elevated levels of copper and PAHs 
(acenaphthylene, anthracene, benz(a)anthracene, benzo(a)pyrene, 
benzo(g,h,i)perylene, chrysene, fluoranthene, fluorine, indeno(1,2,3-cd)pyrene, 
phenanthrene, and pyrene) were identified in sediments at the upstream end of 
the culvert (HAI, 2006, Page 21).  These PAH detections are consistent with 
COIs associated with both Koppers and Gasco.   

10.3.2 Interim Actions/Remediation 

A leak and associated release from the Olympic Pipeline was found in the 
southwest corner of the Site in 1979(NW Natural, 2008).  Olympic Pipeline 
reportedly repaired the pipe and recovered free product from the soil.  No 
sampling data for this removal action was located.  BTEX compounds have 
been identified in this area during geotechnical sampling conducted by Siltronic 
(Siltronic, 2008, Page 29).  COIs related to this area include PAHs and 
monoaromatic hydrocarbons (HAI, 2005, Page 2). 

Two documented releases of TCE occurred from the above-ground system in 
1984, with a total of approximately 1,600 gallons of wastewater released, 
containing an estimated 12 gallons of pure TCE.  Soil excavation of 128 cubic 
yards was conducted (HAI, 2005, Page 29).  Pilot testing for an enhanced in-
situ bioremediation system to remove TCE was conducted at the riverbank and 
in the former TCE UST area in 2006 (Sitronic, 2008, Page 120).  No other 
TCE-related remedial actions have been identified (MFA 2007, Page 2-7; MFA, 
2002, Page 4-1 to 4-2). 

In 1991, 9.9 cubic yards of petroleum contaminated soil were removed from an 
excavation for a wastewater sump along the south side of the Fab 1 building.  
Soils were classified as hazardous waste due to concentrations of benzene 
(EPA waste code D018), and were shipped to Chemical Waste Management at 
Arlington, Oregon (Siltronic, 2008, Page 118). 

From 1994 through spring 1995, black soil with a petroleum odor was removed 
during excavation and utility installation for a new Fab 2 building.  The soils 
were analyzed and contained PAH and BTEX compounds.  Some tar-like soils 
were also removed, although the quantities were not specified.  The soils were 
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thermally treated on site and sold as landfill closure cover fill materials (Siltronic 
2008, Page 29). 

In 1996, approximately 120 cubic yards of petroleum contaminated soils were 
treated offsite and recycled (Siltronic 2008, Page 119). 

In 1998, 5,491 tons of petroleum contaminated soil were removed from the 
riverbank.  It is not clear if the soil was left on site or taken offsite for disposal 
(Siltronic 2008, Page 119). 

In July of 2002, leakage of oil from the Siltronic plant contaminated soil 
adjacent to the Fab 2 compressor building was discovered.  1,480 pounds of oil 
contaminated soil was removed from the Site for recycling.  In October 2002, 
an additional 14,600 pounds of oil contaminated soil associated with utility work 
by an onsite contractor were removed for recycling (Siltronic 2008, Page 119). 

10.3.3 Data gaps 

Sampling investigations conducted by Siltronic have been focused on the 
northeastern portion of the Site near the Fab 1 building, with much of the 
remainder of the Site having limited analytical data available. 

Detailed records on Siltronic’s herbicide and pesticide use are unavailable for 
the years prior to 2005. 

The draft RI for Siltronic did not discuss the former leaking stormwater culvert 
or the existing Outfall 22C area, or address the presence or absence of VOCs 
and other COIs in this area.  A report prepared by HAI for NW Natural appears 
to be the primary source of information for Outfall 22C (HAI, 2006). 

The lateral extent of the petroleum hydrocarbon plume associated with the 
Gasco contamination on Site extending into the Willamette River, as well as 
groundwater/surface water interaction in this area do not appear to be well 
documented (HAI, 2005, Page 84). 

More investigation into cyanide impacts from the spent oxide storage was 
recommend by HAI to determine if this is a key source area relative to Site 
filling activities (HAI, 2005, Page84). 

Transformer PCB analyses data were not found for years prior to 1989, and the 
composition of any transformer oil removed prior to this time is unknown.  Two 
soil samples from unknown locations had elevated PCBs. 
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10.4  COIs 

10.4.1 Identified COIs 

The key COIs that are associated with Siltronic’s use since it assumed 
ownership are chlorinated VOCs.  The draft RI presents plume renderings in 
Figure 4-12 through 4-15 for TCE, cis-1,2-DCE, and vinyl chloride (MFA, 2007).  
These figures show that the chlorinated VOC plume is located in the northeast 
portion of the facility, with a source area at the former underground tanks.  
Downgradient flow of groundwater resulted in the VOC plumes extending under 
the Willamette River.  TCE, 1,2-DCE, and vinyl chloride concentrations as high 
as 172,000 µg/L, 44,200 µg/L, and 122 µg/L, respectively, were detected in a 
November 2006 groundwater sampling event (MFA, 2007, Figure 4-3).  
Elevated soil concentrations of these VOCs are also found in this portion of the 
Site.  Tetrachloroethene (PCE) has also been identified by HAI (2005, Page 
76) as a possible COI associated as an impurity in TCE. 

Other COIs associated with Siltronic include chromium, acids, caustics, and 
organic wastewater releases or spills (HAI, 2005, Page 76).  Based on this 
review, PCBs and 2,4-D, as well as other undetermined herbicide and pesticide 
compounds (based on a lack of documentation) should be considered COIs.  
Limited or no information has been presented on the distribution of these other 
COIs. 

In 1988, PCP was identified in several samples within one of Siltronic’s waste 
effluent samples.  It is not known what the source of PCP was that caused the 
detected concentrations. 

MGP-associated COIs 

MGP wastes placed on the Site prior to Siltronic’s purchase from the City of 
Portland have resulted in media impacts by high concentrations of aromatic 
hydrocarbons (benzene), PAHs (naphthalene), and SVOCs (HAI, 2005, Page 
6).  Other PAHs reported to be present on Site and likely associated with 
Gasco wastes include:  acenaphthene, acenaphylene, anthracene, 
benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, 
benzo(ghi)perylene, chrysene, fluoranthene, fluorene, indeno(1,2,3-cd)pyrene, 
phenanthrene, pyrene (MFA, 2007, Table 4-9).  Releases from the Olympic 
Pipeline have also contributed aromatic hydrocarbons to the subsurface. 

Oil and tar have been identified as DNAPL in surficial fill and underlying silt, 
within the former 400-foot wide lowland area on the northern portion of the 
Siltronic Site.  Oily soils are reported to have been observed as deep as 74 feet 
bgs, and DNAPL has also been found in two alluvial wells screened to 125 bgs 
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(HAI, 2005, Page 81).  These areas overlap with the TCE plume.  Oil has been 
observed in the surficial fill in much of the northern portion of the property and 
in a broad area in the southwest part of the Siltronic Site just north of North 
Doane Lake.  Oil has been observed in deeper zones (>100 feet bgs) in the 
northeast portion of the Siltronic Site, on the north end of the Fab 1 building. 

Benzene and naphthalene plumes extend to the Willamette River within 
surface fill in the northern corner of the Site.  Benzene concentrations in excess 
of 20,000 µg/L have been detected in groundwater in the northern portion of 
the Siltronic Site.  Lower concentrations of benzene and naphthalene are 
present in the southwest portion of the Site, and have been attributed to be 
associated with southern migration of groundwater from the northern source 
areas.  In the deeper alluvial aquifer, the benzene plume appears to be limited 
to the northeastern portion of the Siltronic Site adjacent to Gasco, with 
maximum concentrations of 8,200 µg/L benzene and 19,700 µg/L naphthalene 
(HAI, 2005, Page 79). 

Cyanide impacts to groundwater are present in the surficial fill across much of 
the property, with the highest concentrations in the central portion of the Site, 
and extending to the shoreline.  In the lower alluvial aquifer, concentrations 
greater than 0.5 ppm have been identified in groundwater up to 100 feet bgs 
(HAI, 2005, Page 80). 

10.4.1.1 COIs that Overlap with RP COIs 

Siltronic has used herbicides and pesticides throughout the operation of the 
facility.  Limited records are available regarding specific products or amounts 
used.  These pesticides may contain compounds similar to those at the RP 
property.  For example, Crossbow sas used at the Site and contains the 
trisopropanolamine salt of 2,4-D.  2,4-D is a COI for the RP property.  
Siltronic’s pesticide uses may have resulted in constituent accumulation in near 
surface soils and shallow groundwater 

PCBs have been detected in transformer oil at the Site.  PCBs were also 
reported in two soil samples at unspecified locations.  In one sample (96-604) 
Aroclor 1242 was detect at 366 µg/kg, and Aroclor 1260 was detected at 384 
µg/kg.  In the other sample (96-605), Aroclor 1242 was detected at 281 µg/kg 
and Aroclor 1260 was detected at 641 µg/kg (North Creek Analytical, 1996, 
Page 2 to 3). 
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10.4.2 COIs not Tested for that Likely Overlap with RP COIs 

Pesticides used for routine maintenance on the Siltronic Site may have affected 
surface soil and/or groundwater; however, media have not been analyzed for 
these types of constituents 

PCBs have been detected in soils samples, as discussed above, but it is not 
known where these samples were taken, and it does not appear that 
comprehensive sampling has been conducted. 
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